




















impact, determine gross shifts in species composition that 
accompany decreases in nutrients or alternations ofN:P ratios, 
assess the seasonal influence of nutrient reduction, and deter­
mine whether Cyanobacteria blooms are likely under optimal 
river conditions at various dilutions. 

Influence of Nutrient Reduction on Phytoplankton Primary 
Production, Standing Stock and Community Composition in the 
Lower Neuse River (70199) 
Stephen C. Whalen, Department of Environmental Sciences and 
Engineering, UNC-Chapel Hill 
Jun I, 2002, to May 31, 2003 
Funded by WRRl and the Lower Neuse Basin Association 

Piedmont and Blue Ridge buffers 
continued 

piezometers and wells. In this part of the project, the investiga­
tors will define the subsurface hydrogeologic conditions through 
identification of flow paths, quantify subsurface flow inputs of 
nutrients to the receiving stream, and measure attenuation of 
groundwater-transported pollutants moving from field edge 
through the riparian buffer. 

The investigators expect that the most important informa­
tion to come from this study will be a better understanding of 
the temporal and spatial hydrological and biogeochemical 
processes operating in the near stream zone. The current 
consensus that riparian zones are effective at removing nitrates 
or other pollutants from subsurface water is largely based on 
studies of landscapes characterized by high infiltration capacity 
soils, where groundwater inputs are small and restricted by 
impermeable layers to shallow flow paths that maximize 
interaction between groundwater and riparian soils and vegeta­
tion. In contrast, hydrologic conditions in the Piedmont and 
Blue Ridge regions are characterized by clay-rich soils and 
weathered saprolite of variable thickness overlaying 
metamorphized schists, gneisses, marbles, and quartzite. In 
some areas of the Piedmont, where flow from thick saprolite 
dominates baseflow, groundwater may simply bypass the rooting 
zone of riparian vegetation limiting the opportunity for nutrient 
retention or transformation. 

The investigators plan to broaden the project for other 
funding sources, and future research is likely to combine the 
detailed hydrometric measurements of this study with isotopic 
or chemical tracers to further delineate hydrologic processes in 
the near stream zone. 

Hydrological and Biogeochemical Investigations of Riparian 
Buffers in the Piedmont and Blue Ridge Regions of North 
Carolina (70194) 

Craig J. Allan, Department of Geography and Earth Sciences, 
and Jy S. Wu, Department of Civil Engineering, UNC-Charlotte 
Mar 1,2002, to Feb 28, 2002 
Funded by WRRl and the U.S. Geological Survey 
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WRRI Continuing Research 
Reuse of Wastewater from Septic Systems (70189) Aziz 
Amoozegar, Wayne P. Robarge, and Michael T. Hoover, 
Department of Soil Science; Robert A. Rubin, Biological and 
Agricultural Engineering; and Stuart L. Warren, Department 
of Horticultural Science, NC State University (Mar 1, 2001, 
to Nov 30, 2002) Funded by WRRI and USGs. The 
multidisciplinary team continues its study of the feasibility of 
on-site use of untreated graywater from kitchen and laundry 
facilities for irrigating home landscapes. 

Effect of Riparian Buffers on Removal of Nutrients and 
Sediment in Urban Streams (70190) Anne E. Hershey, 
Department of Biology, UNC-Greensboro (Mar 1, 2001, to 
Aug 31,2002) Funded by WRRI and USGs. The investigator 
concludes her study aimed at determining the effect of riparian 
buffer vegetation type on surface runoff and sub-surface water 
quality and at evaluating loss of nutrient tracers moving across 
riparian zones of different vegetative composition. 

Geochemical Tracers of Water Movement between the 
Castle Hayne Aquifer, Associated Shallow Aquifers, and 
Surface Waters in Brunswick and New Hanover Coun­
ties, North Carolina (70192) Terri L. Woods, Department of 
Geology, East Carolina University (Mar 1, 2001, to Oct 31, 
2002) Funded by WRRI. The investigator continues evaluat­
ing the chemical evolution, vertical movement, and horizon­
tal flow of groundwater in the Castle Hayne and Peedee 
aquifers and the potential for nutrient flux from groundwater 
into coastal surface water. 

Environmental Evaluation of Alternatives for Animal 
Waste Management in North Carolina (70193) Michael 
Overcash, Department of Chemical Engineering, NC State 
University (Apr 1, 2001, to Sept 30, 2002) Funded by WRRI. 
The investigator continues to develop environmental profiles 
(key emissions, shifts in emissions among receiving media, 
and shifts between local and distant emissions) of sequencing 
batch reactors, covered lagoons, and constructed wetlands for 
treating animal wastes. This is the second phase of a project 
aimed at predicting environmental consequences of shifts in 
animal waste management. 

Tracking Drought Impact on Managed and Unmanaged 
Ecosystems of North Carolina (70188) Lawrence E. Band 
and Aaron Moody, Department of Geography, UNC-Chapel 
Hill (Jun 1, 2001, to Feb 28, 2003) Funded by WRRI. The 
investigators continue development of the Surface Drought 
Stress Index and watershed simulations to augment standard 
drought indicators to provide better indicators of drought 
status and recovery. 



12 .:. WRRI 2002 - 2003 Annual Program 

The North Carolina Water Quality Workgroup 
In 1999, the N.C. General Assembly established the North 
Carolina Water Quality Workgroup to "identify the scientific 
and State agency databases that can be used to formulate public 
policy regarding the State's water quality, evaluate those 
databases to determine the information gaps ... , and establish 
priorities for obtaining information lacking in those databases." 

Members of the N.C. Water Quality Workgroup, ap­
pointed jointly by the Chancellor ofNC State University and 
the N.C. Secretary of Environment and Natural Resources, 
were charged with prioritizing research needed to fill data gaps, 
selecting collaborative studies between the N.C. Department of 
Environment and Natural Resources and constituent institutions 
of The University of North Carolina that "collectively close 
knowledge policy gaps with regard to the State's water quality" 
and recommending studies to the N.C. Scientific Advisory 
Council (SAC) on Water Resources and Coastal Fisheries 
Management. Funds in the amount of$375,000 for 1999-2000 
and $375,000 for 2000-2001 were appropriated to fund 
research projects selected by the SAC on recommendation of 
the Water Quality Workgroup. 

WRRI is providing administrative support for the Water 
Quality Workgroup, facilitating the call for proposals, proposal 
review, and contract administration. 

The following projects were funded under the first cycle: 

• Movement of Pollutants from Septic Systems and Performance of 
Riparian Buffers in Suburban Settings (50296) Aziz Amoozegar, 
NC State University. Ending Jun 30,2003. 

• Impact of Hurricane Floyd on Sediment Deposition, Erosion and 
Benthic Nutrient Fluxes in Pamlico Sound, NC (50297) Larry K. 
Benninger, UNC-Chapel Hill. Project completed. 

• Harmful Algal Species from the New River and Cape Fear 
Estuaries (50298), Carmelo Tomas, UNC-Wilmington. Ending 
Dec 31, 2002. 

• Field Study of Bio-Retention Pollutant Removal Ability (50299) 
William F. Hunt, III, NC State University. Ending Sept 30, 2002. 

• Method Development to Determine Fecal Contaminant Source 
Information for TMDL Assessments (50300) Helene A. Hilger, 
UNC-Charlotte. Ending Jun 30,2003. 

• An Environmental Water Quality Data Visualization System for 
Private Ground Water Supplies (50301) Hugh A. Devine, NC 
State University. Project completed. 

The following projects were funded under the second cycle: 

• Application of DRAIN MOD-Based Nitrogen Loading Models to 
Lower Coastal Plain Watersheds (50321); George M. Chescheir, 
Glenn P. Fernandez, and Devendra M. Amatya, NC State 
University. Ending Jun 30,2003. 

• Urbanization and Decline in Water Quality: Do Statistically 
Identifiable Thresholds Exist? (50316) James F. Gilliam, NC State 
University. Ending Dec 31, 2003. 

• Determining the Effectiveness of Shrub Buffers to Reduce Nitrate­
Nitrogen from Agricultural Fields in a Coastal Plain Setting 
(50318); Deanna Osmond, David Hardy, J. Wendell Gilliam, and 
Robert O. Evans, NC State University. Ending Jun 30, 2003. 

• Land Use Patterns and Pollution in the Upper Neuse River 
(50317); Raymond B. Palmquist and Daniel 1. Phaneuf, NC State 
University. Ending Nov 30, 2002. 

• Evaluation of Watershed Change and Small Marina Impacts on 
Bacterial Contamination of Estuarine Waters (50320); Nancy M. 
White, NC State University. Ending Mar 31,2003. 

• Effect of Riparian Buffer Zones on Water Quality and Biodiversity 
in Piedmont Urban Streams (50319); Anne E. Hershey and Paul P. 
Mou, UNC-Greensboro. Ending Jun 30, 2003. 

Erosion and Sedimentation Control Research 
In its 1999-2001 biennial budget for State government, the 
N.C. General Assembly provided a one-time appropriation of 
$260,000 to fund research aimed at evaluating and improving 
erosion and sedimentation control technology and application. 
The N.C. Sedimentation Control Commission (SCC) was 
charged with selecting projects to be funded. 

In 1999, the SCC voted to provide about $136,000 to 
fund start up of the Sediment and Erosion Control Research 
and Education Facility (SECREF) at NC State University's 
Lake Wheeler Road Field Laboratory and contracted with 
WRRI to administer the remainder of the funds for individual 
research projects to be selected by the SCC. 

The SCC has awarded the remainder of the research 
appropriation to the following projects: 

• Sediment and Erosion Control: Evaluation of Cost and 
Effectiveness (50314) ; Richard A. McLaughlin, Department of 
Soil Science, NC State University. Ending Dec 31, 2002 

• Evaluation of Temporary and Permanent Ground Cover 
Establishment Methods for Erosion Control; Richard A. 
McLaughlin, Department of Soil Science, NC State University. 
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In order to address research needs of specific groups, WRRI promotes partnership arrangements. One such partnership is the 
N.C. Urban Water Consortium. WRRI in cooperation with several of North Carolina's larger cities established the Urban Water 
Consortium to provide a program of research and development and technology transfer on water problems that urban areas 
share. Through this partnership, WRRI and the State of North Carolina help individual facilities and regions solve problems 
related to local environmental or regulatory circumstances. 

The Consortium program is administered by the Institute. Participating cities support and guide the program through 
annual dues and enhancement funds and representation on an advisory board. Membership in the Consortium is limited to 
cities or special districts in North Carolina. 

The program initially received support from the (former) N.C. Department of Environment, Health, and Natural Resources 
and appropriations from the N.C. General Assembly. Current Consortium members are the Orange Water and Sewer Authority, 
Raleigh, Durham, High Point, Burlington, Winston-Salem, Charlotte, Greenville, Greensboro, Fayetteville and Wilmington. 

Urban water research needs cover a broad range of topics related to wastewater, drinking water, and storm water. 
Problems addressed with Consortium support are described below. 

Analysis of Stream Data from the Middle Cape Fear River 
(50284) Donald Francisco, Department of Environmental 
Sciences and Engineering, UNC-Chapel Hill (Sept 1, 1999, to 
Jun 30,2003) Funded by the Caper Fear River Association 
through the Public Works Commission, City of Fayetteville, NC. 
The investigator continues to analyze routine monitoring data 
collected by a consultant for the Middle Cape Fear Basin 
Association and by researchers in related projects to help assess 
the impact of lock and dam structures on water quality of the 
Lower Cape Fear River and to provide accurate information for 
a water quality management model. 

Functional Capacity Assessment of a Flood Plain 
Stormwater Treatment Wetland, Greensboro, NC (50293) 

. James D. Gregory, Department of Forestry, NC State University 
(Jun 1, 2000, to Dec 31, 2002) Funded by the City ofGreens­
boro. This project was initiated as a before/after and upstream! 
downstream comparison of the effects of a stormwater treatment 
wetland on water quality and aquatic habitat in South Buffalo 
Creek. However, permitting and budget problems have delayed 
the installation of the water control structure and wetland, and 

installation will probably not be complete until the end of 2003. 
Work has focused on documenting "before" conditions, includ­
ing flood plain water table regime, a vegetation inventory, an 
assessment of stream channel stability, and water quality 
monitoring. 

Investigation of the Occurrence of Residual Antibiotics and 
their Metabolites in Drinking Water (50307) Howard 
Weinberg, Department of Environmental Sciences and Engi­
neering, UNC-Chapel Hill, and Michael T. Meyer, u.s. Geo­
logical Survey (Sept 1, 2001, to Nov 30, 2002) Funded by the 
N C. Urban Water Consortium. The investigator continues 
screening for the prevalence of antibiotic residues in susceptible 
drinking water supplies across North Carolina and sampling 
finished drinking water to determine the extent to which 
treatment may remove antibiotics. 

Further Evaluation of Pesticide Residue Levels in Various 
Water Supply Watersheds (50311 and 50278) Ross B. Leidy, 
Department of Toxicology, NC State University (Jul1, 2001, to 

continued page 14 
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Urban Water Consortium 
continued 

Dec 31, 2002) Funded by the Cities of 
Burlington and Winston-Salem. The 
investigator continues to sample for 
alachlor, atrazine, 2,4-D, metolachlor and 
simazine in the Winston-Salem Yadkin 
River water supply watershed. He 
continues to sample for atrazine and 
metolachlor at Burlington's Lake 
Macintosh and to evaluate removal of the 
herbicides in the water treatment plant. 

A Feasibility Study for Developing 
Real-Time Flood Forecast Systems 
(50315) Jy S. Wu, Department of Civil 
Engineering, UNC-Charlotte (May 1, 
2001, to Sept 30, 2002) Funded by the 
Cities of Raleigh and Greensboro. 
The investigator continues to study the 
feasibility of using NEXRAD to develop 
a real-time flood forecasting and warning 
system for the cities of Raleigh and 
Greensboro. 

TECHNOLOGY TRANSFER 
WRRI disseminates information and promotes adoption of new technology and 
practices through publication of newsletters and technical completion reports 
on its projects, support of a World Wide Web site, and sponsorship and cospon­
sorship of conferences, workshops and seminars. The Institute also conducts 
technology transfer projects under grants from other organizations. 

WRRI reports are distributed to 
libraries, and summaries of reports 
are published in the WRRI newsletter, 
and distributed to interested research 
faculty, other state water institutes, 
and relevant government agencies. 
Single copies of publications are 
available to North Carolina residents 
at a cost of $4 per copy prepaid ($6 
per copy if billed) and to nonresidents 
at a cost of $8 per copy prepaid ($10 
per copy if billed). Send requests to 
WRRI. A listing of all WRRI technical 
reports is available on the website or 
by calling WRRI. Summaries of more 
than 100 WRRI technical reports are 
also available on the Institute's 

website at http://www2.ncsu.edu/ 
ncsu/CIUWRRl/reports/index.html. 
During the past year the following 
peer-reviewed technical completion 
reports were published: 

• Performance Evaluation of Regional 
Wet Detention Ponds and a Wetland 
for Urban Nonpoint Source Control. 
Report 335. July 2001. Robert C. Borden, 
NC State University. 

• Soil Processes Impacting Ground­
water Quality in the North Carolina 
Piedmont: Contamination by Organic 
Agrochemicals. Report 336. Feb 2002. 
Dharni Vasudevan and Ellen M. Cooper, 
Duke University. 

Other Continuing Projects 

• Assessment of Trace Element 
Concentrations in Municipal Wastewa­
ter Treatment Plant Discharges in 
North Carolina. Report 337. May 2002. 
Howard S. Weinberg, Philip C. Singer, 
and Steven J. Cook, UNC-Chapel Hill. 

Monitoring of Atmospheric 
Concentrations of Ammonia/ 
Ammonium in Eastern NC Using 
Annular Denuder and Passive 
Filter Technology (50304) Dr. 
Wayne P. Robarge, Department of 
Soil Science, NC State University. 
Feb 15, 2001, to Sept 30, 2002. 
Funded by the N. C. Pork Council 
and the u.s. EPA through the N. C. 
Division of Air Quality. Due to forced 
reduction in the State budget, part of 
the funding for this project was lost 
and data collection had to be delayed. 
One year of data has now been 
collected on ambient ammonia, 
ammonium, hydrochloric acid, 
chloride, nitrate, nitric acid, nitrous 
acid, sulfate, and sulfur dioxide 
concentrations at three sites in the 
Coastal Plain for North Carolina. The 
objective of the project is to evaluate 
ammonia emissions and subsequent 

formation of ammonium sulfate aerosols 
as a possible major source of particulate 
matter PM2.5 in rural areas. 

A Negotiated Approach to Develop­
ing TMDLs for Nitrogen in the 
Neuse Basin: Finalizing the Alloca­
tion Strategy (50322) Dr. Lynn A. 
Maguire, Nicholas School of the 
Environment and Earth Sciences, Duke 
University. May 1,2002, to Dec 31, 
2002. Funded by WRRI. A draft 
strategy for dividing responsibility for 
reducing nitrogen inputs to the Neuse 
watershed by source type and location 
within the watershed was completed in 
2001. A final allocation strategy could 
not be completed until the TMDL was 
approved and a nitrogen delivery 
model was completed. In this project 
the investigator continues facilitation of 
the Neuse TMDL stakeholder process 
to finalize the allocation strategy. 

• Occurrence of Bacterial Regrowth 
and Nitrification in the Raleigh Distri­
bution System and Development of an 
EPANET Model for Future Assess­
ments. Report 338. April 2002. Francis A. 
DiGiano, Weidong Zhang, Alessandro 
Travaglia, Donald E. Francisco and 
Melissa Wood, UNC-Chapel Hill. 

• Biologically Mediated Nitrogen 
Dynamics in Eutrophying Estuaries: 
Assessing Denitrification, N2 Fixation, 
and Primary Productivity Responses 
to Proposed N Loading Reduction in 
the Neuse River Estuary. Report 339. 
May 2002. Michael F. Piehler, Suzanne P. 
Thompson, Julianne Dyble, Pia H. 
Moisander, John M. Fear and Hans W. 
Paerl, Institute of Marine Sciences, UNC­
Chapel Hill. 

Newsletters: WRRI produces two 
newsletters. The WRRI NEWS is 
published every other month and sent 
to nearly 4,100 federal and state 
agencies, university personnel, multi-



county planning regions, city and 
local officials, environmental groups, 
consultants, businesses and individu­
als. The NEWS regularly covers a 
wide range of water-related topics 
from current federal and state legisla­
tion and regulatory activities to new 
research findings. The WRRI NEWS 
is available free to residents of North 
Carolina. To be added to the mailing 
list, call or write WRRI. 

Access to the web version of 
the newsletter and other announce­
ments are provided through the 
WRRI-News listserve. To be added to 
the listserve, send an email message 
to MJ2@lists.ncsu.edu. Do not put 
anything in the subject line. In the 
body of the message say only: 
subscribe WRRI-News. 

The Institute also produces a 
quarterly newsletter, Sediments, 
published by the N.C. Sedimentation 
Control Commission to provide 
information and assistance to the 
regulated community and to facilitate 
communication among personnel of 
state and local erosion and sediment 
control programs. Current circulation 
is about 5,600. This newsletter is free. 
To be added to the mailing list contact 
WRRI. 

WRRI's World Wide Web homepage 
(http://www2.ncsu.edu/ncsu/CIU 
WRRI) provides on-line access to the 
WRRI News; the WRRI Annual 
Program; technical report summaries; 
the Water Resources Research 
Seminar Series schedule; a water 
resources research expertise direc­
tory; information on workshops, 
conferences, calls for papers, and 
public hearings; and the Neuse River 
Homepage, a gateway to information 
on the web about the Neuse River at 
http://www2.ncsu.edu/ncsu/CIU 
WRRl/neuse.html. 
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Project will assist child care centers 
and schools with Safe Drinking Water Act 
compliance 

North Carolina has 
about 700 
nontransient, non­
community small and 
very small public 
water supply sys­
tems, a majority of 
them schools and 
child care centers. 
Many of the schools 
and child care 
centers with their 
own water supplies 
are in rural areas of 
the state, but a 
significant number 
are in suburban 
areas as well. 

A review of 
North Carolina small 
and very small systems on EPA's 
Safe Drinking Water Information 
System shows numerous violations of 
both health based and reporting/ 
monitoring requirements by schools 
and child care centers, some of them 
continuing violations. 

Schools and child care centers 
serve populations most vulnerable to 
waterborne disease. Helping them 
protect the health of infants and 
children in their charge should be a 
high priority. Regulations governing 
nontransient, noncommunity systems 
are complex, and little literature has 
been produced to clearly inform 
nontechnical school and child care 
center officials about the regulations 
that apply to their systems, help them 
understand the need for the regula­
tions, and assist them in complying. 
The regulatory complexity facing 
these systems will only increase with 
the upcoming Ground Water Treat­
ment Rule. 

In this project, the investigator 
will develop a publication written for 

nontechnical readers that (1) explains 
Safe Drinking Water Act regulations 
applicable to small and very small 
nontransient, noncommunity sys­
tems, (2) explains the health reasons 
for the regulations, (3) discusses 
treatment options for small and very 
small systems, and (4) previews the 
Ground Water Treatment Rule and 
possible options for responding to the 
rule. 

Development of technical literature 
to assist child care centers and 
schools in complying with require­
ments of the Safe Drinking Water 
Act (50323) 
Jeri Gray, Water Resources 
Research Institute 
Ju11, 2002, to Jun 30, 2003 
Funded by the U.S. EPA through the 
Southeastern Small Drinking Water 
Systems Technical Assistance Center 
at Mississippi State University. 
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2002 - 2003 Water Resources Research Seminar Series 
Following is the schedule for WRRI's 
continuing seminar series on water resources 
research in North Carolina. Presentations 
take place in the Ground Floor Hearing 
Room of the Archdale Building in downtown 
Raleigh or in Room 1132 of Jordan Hall on 
the NC State University campus. Presenta­
tions begin at 3 pm unless otherwise noted. 
This schedule is posted on the WRRI 
website and any changes will be posted 
there: http://www2 .ncsu.edu/ncsu/CILI 
WRRI12003seminars.html 

September 17, 2002, Archdale 
"Effect of Riparian Buffers on 
Removal of Nutrients and Sedi­

ment in Urban Streams" 
Dr. Anne E. Hershey 

UNC-Greensboro 

October 22, 2002, Jordan 
"Effectiveness of Four Best Man­
agement Practices for Reducing 

Nonpoint Pollution from Piedmont 
Tobacco Fields" 

Dr. E. Carlyle Franklin 
NC State University 

STUDENT 
INTERNSHIPS 

WRRI coordinates internship pro­
grams which provide college students 
opportunities to work with the follow­
ing government agencies to gain 
practical experience in various areas 
of environmental protection: 

• N.C. Division of Pollution Preven­
tion and Environmental Assistance 

• N.C. Division of Land Resources, 
Land Quality Section 

• U.S. Geological Survey 

• N.C. Division of Soil and Water 
Conservation 

November 26, 2002 
"Predicting Long-Term Wetland 

Hydrology Using 
Hydric Soil Field Indicators" 

Dr. Michael J. Vepraskas 
NC State University 

January 28, 2003, Jordan 
"Technical, Economic, and 

Environmental Evaluation of 
Alternatives for Animal Waste 

Management in North Carolina" 
Dr. Michael R. Overcash 

NC State University 

February 25, 2003, Archdale 
"Ultraviolet-based Processes for 
Meeting Water Quality Goals: 

Microbial and Chemical 
Contaminants" 

Dr. Karl G. Linden 
Duke University 

March 25, 2003, Jordan 
"An Assessment of North Carolina 

Water Reuse Regulations" 
Dr. Helene A. Hilger 

UNC-Charlotte 

April 22, 2003, Archdale 
"Using Natural and Landscaped 

Buffers to Reduce Pollution Load­
ing from Agricultural Runofr' 

Dr. Richard A. McLaughlin 
NC State University 

May 20,2003, Jordan 
"From Ptiesteria to Micro Arrays: 

New Tools for Water Quality 
Assessment" 

Dr. Parke A. Rublee 
UNC-Greensboro 

2002 - 2003 
WORKSHOPS AND CONFERENCES 

Erosion and Sediment Control for 
Construction Sites, Sept 25-26, 
2002, Hickory. With N.C. Sedimenta­
tion Control Commission and N.C. 
Land Quality Section, Division of 
Land Resources. 

Erosion and Sediment Control for 
Construction Sites, October 23-24, 
2002, New Bern. With N.C. Sedimen­
tation Control Commission and Land 
Quality Section, Division of Land 
Resources. 

Air Borne Water Pollutants, Decem­
ber 2, 2002, McKimmon Center, 
Raleigh. With the N.C. Water Re­
sources Association. 

Geographic Information Systems, 
February 3,2003, McKimmon Center, 
Raleigh. With the N.C. Water Re­
sources Association. 

To Be Announced, April 4, 2003, 
McKimmon Center, Raleigh. With the 
N.C. Water Resources Association. 

Annual Water Resources Research 
Conference, March 31 - April 1 , 
2003, McKimmon Center, Raleigh. 


