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New research 

UNC-CH investigators will develop system 
to track drought status and recovery 
potential at watershed level 
Managing water supplies during 
periods of low precipitation is like 
rolling the dice. When it becomes 
obvious that water in a reservoir is 
less than what is needed to get 
through to the next wet season, the 

_ water manager can either impose 
some water use restrictions or do 
nothing. If he imposes restrictions, 
there are costs, such as reduced 
revenue and possible damage to 
expensive ornamental vegetation. If 
the water manager does nothing and 
demand draws down the supply 
further, he must either try to buy 
high-cost water from another system 
or impose severe restrictions that 
may have serious effects, such as 
industrial cutbacks and reduced 
frrefighting capabilities. * 

In making his decision, the 
water manager is gambling not only 
on future precipitation but also on 
watershed conditions that determine stream 
baseflow and the rate at which the hydrology 
of the watershed will recover from drought 
conditions. A water supply manager's job 
would be less risky ifhe could track condi
tions that might help predict streamflow and 
aquifer conditions in his watershed during the 
remainder of the dry season. However, most 
small to medium watersheds do not have 
streamgages, and information about indicators 
of drought conditions (such as soil moisture 

*Thanks to David H. Moreau, 1989, Managing 

Public Water Supplies During Droughts: Experi

enc.es in the United States in 1986 and 1988, 
WRRI Report 250, for this scenario. 

and crop water stress) conveyed by the Palmer 
Drought Index is available only at the climate 
division scale (6 states in the Southeast 
division) and is updated only every two 
weeks. At the state level, drought information 
is limited to reservoir levels, streamflow data 
and well level measurements averaged over 
large areas, and precipitation data. 

As a first step toward providing North 
Carolina water managers drought status and 
recovery indicators at a high spatial and 
temporal resolution, geographers at UNC
Chapel Hill will augment standard drought 
indicators based on measured streamflow and 
climate information with a satellite-derived 

See "Drought Tracking System" page 3 
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2001 - 2002 INSTITIJTE 
RESEARCH PRIORITIES 

1. Determine the biological, hydrologic, 
and geological characteristics that 
identify intermittent and perennial 
streams. 

2. What are the optimal riparian buffer 
characteristics (widths and composi
tion) for water quality protection in 
the physiographic regions of North 
Carolina? 

3. Evaluate aquifer storage/recovery and 
surface water impoundment/ground
water recharge as water supply 
management measures in the Coastal 
Plain. 

4. Investigate the possible criteria and 
protective standards required for the 
indirect or direct reuse of water for 
municipal use. 

5. Quantify the effectiveness of a variety 
of best management practices to 
remove fecal coliform, including 
source controls, structural BMPs, and 
riparian corridor management (buffer) 
approaches. 

6. Determine safe yield of Coastal Plain 
Cretaceous Aquifers by documenting 
total recharge and discharge, migra
tion of chlorides, and the effect of 
land subsidence. 

7. Develop guidance for multiple uses of 
floodplains, including flood storage, 
water quality enhancement measures, 
wildlife protection, and recreational 
activities. 

8. Investigate the in-lake and down
stream water quality and water supply 
implications of water used from 
Jordan Lake that is returned to Jordan 
lake on a long-term basis. 

9. Document the impact of hydrologic 
changes caused by urbanization and 
flow regulation on aquatic habitat and 
water quality. 

10. Evaluate the relationship between 
sediment concentration and aquatic 
habitat. 

11. Evaluate the measurement and 
monitoring techniques of stream and 
wetland restoration. 

12. Develop a drought index geared 
toward water supply. 
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New research 

East Carolina investigator will help unravel complexity of 
Southern N.C. Coastal Plain stacked aquifer system 
Brunswick and New Hanover counties in 
North Carolina's Southern Coastal Plain 
have experienced rapid population 
growth accompanied by increased water 
demand over the last decade. These 
increases plus water-level declines in 
deeper aquifers of the Central and 
Southern Coastal Plain have placed 

increased demand on shallow aquifers 
like the Castle Hayne and the Peedee. 
The Castle Hayne and Peedee are 
already experiencing localized saltwater 
intrusion due to heavy pumping, and 
there is ample evidence that groundwater 
from these aquifers is flowing directly 
into estuaries and the coastal ocean. 
Because saltwater intrusion affects 

Drought Tracking System continued 

"Surface Drought Stress Index" and 
watershed model simulations. 

From satellite information, Drs. 
Larry Band and Aaron Moody will 
develop the "Surface Drought Stress 
Index," a set of drought indicators based 
on surface temperatures and vegetation 
conditions. Using NOAA rainfall data 
and USGS streamflow data, they will 
compute baseflow and stormflow 
response as well as streamflow and 
baseflow anomalies for selected gaged 
watersheds in the north-central Piedmont. 

The investigators will then adapt an 
existing watershed hydroecological 
model (a version ofRHESSys) to the 
gaged watersheds to develop associations 
between the satellite-derived drought 
indicators and groundwater levels and 
stream baseflow conditions. The model 
simulates canopy evapotranspirati~n, 
carbon exchange and nutrient cycling, 
soil water infiltration, exfiltrationand 
recharge, as well as shallow saturated 
zone dynamics at the landform (hillslope) 
scale. Calibrated for the gaged water
sheds, the model will allow retrospective 
evaluation of model performance, 
interpretation of the satellite indices and 
evaluation of the reliability of drought 
indicator synthesis. 

When interpreted through model 
simulation, the Surface Drought Stress 
Index will allow tracking of changes 
(coupling and decoupling) between 
surface moisture conditions and ground-

water conditions. Because coupling of 
base flow and surface moisture condi
tions controls potential rates of ground
water recharge and recovery from 
drought conditions, availability of this 
information at high temporal resolution 
can provide critical information for 
anticipating short- to medium-term 
drought dynamics. Information will be 
delivered in the form of weekly or bi
weekly GIS data sets describing patterns 
of drought occurrence and severity. 

During the first-year (develop
ment) phase of this project, the Surface 
Drought Stress Index will be based on 
remotely sensed data from the Advanced 
Very High Resolution Radiometer 
(AVHRR), and on archived meteorologi
cal and surface radiation information. 
However, if the concept proves feasible, 
in a second phase, the investigators plan 
a more extensive implementation of the 
system, using real-time satellite informa
tion from the recently launched Moder
ate Resolution Imaging 
Spectroradiometer (MODIS). 

Tracking Drought Impact on Managed 
and Unmanaged Ecosystems of North 
Carolina (70188) 
Lawrence E. Band and Aaron Moody, 
Department of Geography, UNC-Chapel 
Hill 
June 1,2001, to May 31,2002 
Funded by WRRI 

groundwater quality and because 
discharge of nutrient-laden groundwater 
can affect surface water quality, under
standing of the interconnectedness of 
these water sources is needed to protect 
and use both groundwater and surface 
water resources of Brunswick and New 
Hanover counties. 

In this project, Dr. Terri Woods of 
East Carolina University will build on 
earlier work in which she showed that 
groundwater from different aquifers can 
be distinguished on the basis of chemical 
and isotopic characteristics. Using data 
from analysis of 50 new samples of 
Castle Hayne and Peedee aquifer 
groundwater, tidal creeks, the Intra
coastal Waterway, and springs she will 
develop techniques for differentiating 
between groundwater from shallow 
aquifers and various surface waters. 
Using these techniques she will be able 
to evaluate the chemical evolution, 
vertical movement, and horizontal flow 
of groundwater in the study area. Results 
of the work will include updated 
groundwater flowpaths in local aquifers, 
more quantitative estimates of vertical 
groundwater movement between aquifers 
and between groundwater and surface 
water, and preliminary evaluation of the 
potential for nutrient flux from ground
water into coastal surface water. 

Geochemical Tracers of Water Move
ment between the Castle Hayne Aquifer, 
Associated Shallow Aquifers, and 
Surface Waters in Brunswick and New 
Hanover counties, North Carolina 
(70192) 
Terri L. Woods 
Department of Geology, East Carolina 
University 
March 1, 2001, to March 31, 2002 
Funded by WRRI 
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New research 

UNC-G biologists Will study how 
urban buffer vegetation types affect water quality benefits 
Riparian zones are 
recognized as 
important sites for 
controlling delivery 
of nutrients and 
sediments to 
streams. The N.C. 
Environmental 
Management 
Commission has 
adopted riparian 
zone protection 
regulations for the 
Neuse River Basin 
and the Tar
Pamlico River 
Basin, and demand 
is growing for 
adoption of riparian 
zone (buffer) 
protection rules in 
other basins, 
including the Cape 
F ear. However, 
little scientific data 
are available to 

vative tracer to 
quantify the rate of 
nutrient assimila
tion. 

The ultimate, 
long-term goal is 
to develop a 
comprehensive 
GIS-based 
predictive model 
for buffer effec
tiveness across 
land-use types, soil 
characteristics and 
slopes, and which 
considers site
specific hydrologic 
conditions for the 
Upper Cape Fear 
Watershed. This 
project will 

provide explicit 
parameters for 
buffer management, 

Pigeon House Branch below Cameron Village, Raleigh, NC 

provide important 
preliminary data 
and will enhance 
the ability to 
attract funding for 
more comprehen
sive projects. The 
field experimental 

such as buffer widths, species composi-
tion, and timing of grazing or harvesting. 

To help local governments in the 
Upper Cape Fear determine the most 
effective management policies for 
riparian zones, Dr. Anne Hershey and Dr. 
Paul Mou ofUNC-Greensboro will study 
the effect of vegetation type on the 
quality of water passing through riparian 
buffers in an urban stream. Their 
objectives are to determine the effect of 
vegetation type on surface runoff and on 
sub-surface water quality and to evaluate 
loss of nutrient tracers moving across 
riparian zones of different vegetative 
composition. 

Study sites are in the Buffalo 
Creek Watershed in the City of Greens-

boro. Three replicates of forested, shrub 
and grass riparian sites of at least 30 
meters in width adjacent to 2nd and 3rd 

order streams have been selected. The 
investigators will sample surface runoff at 
the sites. For an untreated control, they 
will also sample discharge from pipes that 
drain street runoff directly into the stream. 
Tension lysimeters installed on the sites 
will allow sampling of subsurface water. 
Samples will be analyzed for nitrate plus 
nitrite, ammonium, total nitrogen, soluble 
reactive phosphorus, total phosphorus, 
total suspended solids, total organic 
carbon and dissolved organic carbon. 

The investigators will also conduct 
tracer tests, using nitrate and phosphate 
enriched water with chloride as a conser-

and comparative data from this project 
will be incorporated into a GIS database 
for future development of the predictive 
model. 

Effect of Riparian Buffers on Removal 
of Nutrients and Sediment in Urban 
Streams (70190) 
Anne Hershey and Paul P. Mou 
Department of Biology, UNC-Greens

boro 
March 1,2001, to February 28,2002 
Funded by WRRl and the U.S. Geologi
cal Survey 
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New research 

Duke investigators will target unidentified phosphorous species 
loaded to Cape Fear River 

In recent decades the Cape Fear River 
Basin has experienced a proliferation of 
agricultural industries, including large
scale agricultural operations, agrochemi
cal manufacturing, and intensive live
stock operations. Increases in these 
activities have resulted in dramatic 
increases in anthropogenic imports of 
nitrogen and phosphorus into the river 
basin. Most studies of the role of 
phosphorus in eutrophication have 
focused on orthophosphate. However, 
some biologically available chemical 
forms of phosphorus (pyrophosphate or 
Ppi and other polyphosphates) that are 
present in fertilizer and animal feed and 
in urban wastewater escape detection by 
standard analysis techniques and have 
been neglected in studies. Previous 
studies by the investigators of this project 
suggest that the full extent of 
bioavailable phosphorus accumulation in 
water bodies is unknown due to the 
presence of Ppi. 

Like other forms of phosphorus, 
these previously undetectable compounds 
of phosphorus tend to accumulate in 

wetland and riverbank sediments. 
Although it is recognized that sediments 
play an important role in regulating 
water quality, this role is often neglected 
in water quality studies and management 
strategies. 

In this study, Dr. Curtis Richardson 
and Dr. P. V. Sundareshwar of Duke 
University will use 31p Nuclear Magnetic 
Resonance spectrometry to identify 
previously overlooked forms of phospho
rus input to the Cape Fear, which will 
help identify sources of phosphorus 
addition. In addition, they will estimate 
the nutrient (phosphorus and nitrogen) 
retention capacity of riverbank and 
adjoining wetland sediments that dictates 
the magnitude of nutrient loading to 
surface waters. Since it is conceivable 
that, after a few years of sustained 
nutrient loading, wetland and floodplain 
sediments of the Cape Fear River system 
will eventually become saturated with 
nutrients and thus unable to ameliorate 
nutrient-driven surface water quality 
degradation, the study will also help 
place a time line on the control by 
sediments of surface water quality. 

. The researchers will conduct their 
studies at the Barra Farms Cape Fear 
River Mitigation Bank in the headwaters 
of Harrison Creek, a tributary of the Cape 
Fear, and at the three Lock-and-Dam 
structures on the Cape Fear. The Barra 
Farms site was originally a Carolina Bay 
wetland but was ditched and converted to 
agricultural production. Part of the area 
has been restored to wetland. Sediment 
and water sampling and analysis will be 
used to identify various phosphorus 
species and to determine the phosphorus 
retention capacity of sediments at the 
sites and to explain the differences in 
buffering capacity of sediments at various 
sites. 

Role of Sediment Processes in Regulating 
Water Quality of the Cape Fear River 
(70191) 
Curtis J. Richardson and P. V. 
Sundareshwar 
Nicholas School of the Environment 
Duke University 
March 1,2001, to February 28,2002 
Funded by WRRI and the U.S. Geologi
cal Survey 

East Carolina scientists will study nutrient contribution from 
resuspended sediments in Neuse and Pamlico estuaries 
The Neuse and Pamlico river estuaries 
are shallow, dynamic systems that have 
been plagued with symptoms of eutrophi
cation over the past two decades. 
Extensive research has been conducted 
over the last 5-10 years to better under
stand the complex nutrient dynamics of 
these systems. However, most of these 
studies have concentrated on nutrient 
cycling in the water column. Only 
recently have studies focused on the 
benthic environment, and most sediment 
studies have neglected the dynamic 
nature of the benthos, focusing instead on 

diffusion as the dominant transport 
process delivering nutrients to the water 
column. Although diffusion of nutrients 
across the sediment/water interface may 
be important during quiescent periods of 
sediment deposition and short-term 
storage, wind events associated with 
storms throughout the year will resus
pend newly deposited sediments result
ing in advective transport of sediment 
porewater rich with nitrogen, phosphorus 
and carbon into the water column. 
Sediment resuspension may increase 
water column nutrient concentrations; 

therefore, present estimates of nutrient 
and carbon inputs from the sediments 
may be too low. 

In this project, Reide Corbett and 
Stanley Riggs of East Carolina University 
will estimate short-term sediment 
dynamics and flux of nutrients released to 
the water column from resuspension 
events They will collect sediment cores at 
9 sites in the estuaries at least bi-monthly 
and after major events associated with 
storms or significant winds. Using 

continued next page 
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New research 

NCSU researchers will study use 
of graywater for landscape irrigation 
Although North Carolina normally 
receives adequate rainfall, water short
ages during the summer sometimes limit 
the use of potable water for irrigating 
lawns and ornamental plants. While the 
collective sewage from a residential 
dwelling cannot be reused without 
adequate treatment and disinfection, 
graywater-wastewater generated by 
households that EXCLUDES toilet waste, 
wastewater from a dishwashing machine, 
and mayor may not include garbage 
disposal waste-can perhaps be used by a 
subsurface system with minimal treat
ment for irrigating ornamental plants. 
However before such use can be recom
mended, components of graywater and 
effects of these components on soils and 
plants must be known. 

In this project, a multidisciplinary 
team at NC State University will study 
the feasibility of on-site use of untreated 
graywater from kitchen and laundry 

facilities for irrigating home landscapes. 
In a number of households that volunteer 
for the study, the washing machine and 
kitchen sink will be retrofitted for 
collecting wastewater. Wastewater 
generated by each of the two facilities 
will be collected in containers. A sample 
of the wastewater will be analyzed for 
turbidity, electrical conductivity, pH, lint 
content, BOD, nutrients, oil and grease, 
chloride, boron, calcium, magnesium, 
sodium, potassium, and a number of 
metals. Separate samples will be ana
lyzed for total and fecal coliform, and for 
total surfactants. For comparison, 
appropriate amounts of cleaning products 
used by each household will be mixed 
with tap water to mimic the laundry and 
kitchen wastewaters and will be analyzed 
for all the parameters listed above. 

To assess the effect of the 
graywaters on soil hydraulic conductivity 
(K ) three different graywaters (kitchen sat' 

Nutrient contribution from resuspended sediments 
continued 
radiochemical techniques, they will 
establish geochronologies within bedded 
sediments and determine the short-term 
rate of sedimentation and nitrogen! 
phosphate/carbon deposition at sites in 
both estuaries. This technique will also 
allow evaluation of the depth to which 
sediments have been disturbed and the 
advective flux of nutrients to the water 
column. These analyses will serve to 
establish the short-term and seasonal 
history of sediment composition at each 
site. The researchers expect that this 
information will aid in development of a 
predictive empirical model that can 
estimate the frequency and duration of 
resuspension events in these and other 
estuaries. 

The project will yield a quantifica
tion of the deposition, diagenesis, and 

subsequent advection of diagenetic 
products, which can be used to produce a 
better prediction of contaminant fate. To 
understand the importance of 
resuspension relative to more passive 
benthic flux, sites have been selected in 
cooperation with other sediment studies 
so that direct comparisons can be made. 

Sediment Resuspension in the Pamlico 
and Neuse River Estuaries: An Addi
tional Source of Nutrients and Contami
nants (70187) 
D. Reide Corbett and Stanley Riggs 
Department of Geology, East Carolina 
University 
March 1,2001, to February 28, 2002 
Funded by WRRI 

alone, laundry alone, and a mixture of the 
two) as well as tap water (as a control) 
will be applied to intact soil cores, and 
K will be calculated. The effect on sat 

hydraulic conductivity and soil structure 
of an anionic surfactant commonly used 
in laundry detergent, sodium hypochlo
rite, and sodium alone will also be 
assessed. The concentrations of sodium 
in the test waters will simulate sodium 
concentrations in graywaters collected 
from households. 

To assess the effect of graywaters 
on the growth, appearance, and survival 
of ornamental plants, graywater, 
graywater supplemented with calcium, 
and tap water will be applied to eight 
different plants (annuals, perennials, 
woody shrubs, and trees) grown in 
common N.C. soils in the greenhouse. 
Growth will be measured regularly; 
drainage water will be analyzed for 
relevant parameters, and several soil 
samples will be collected and analyzed 
for total and fecal coliforms during the 
study. At the end of the irrigation period, 
leaves will be analyzed for relevant 
parameters and root distribution and 
mass will be measured. 

If results of the laboratory and 
greenhouse experiments show that 
ornamental plants can tolerate graywater, 
and graywater does not negatively impact 
soil hydraulic conductivity, then 
graywater could be used for irrigating 
flower beds, shrubs and trees. Such use 
could reduce water flowing to septic 
tanks and municipal wastewater treatment 
plants and decrease the demand for 
potable water for irrigation. 

Reuse of Wastewater from Septic Systems 
(70189) 
Aziz Amoozegar, Wayne P. Robarge, 
Michael T. Hoover, and Dean L.R. 
Hesterberg, Department of Soil Science; 
Robert A. Rubin, Biological and Agricul
tural Engineering; and Stuart L. Warren, 
Department of Horticultural Science, NC 
State University 
March 1,2001, to February 28,2002 
Funded by WRRI and the U.S. Geological 
Survey 
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Continuing research 

UNC-CH/NCSU research team continues investigation of stormwater 
impacts of compact vs low-density development 

Compact, mixed use "new urban" 
development is said to consume less 
open space, produce less impervious 
surface area, and be more protective of 
water quality than low-density develop
ment. In this continuing project, Dr. 
Philip Berke ofUNC-Chapel Hill and 
colleagues at NC State University are 
surveying new developments and 
analyzing the surveys in order to provide 
empirical evidence about the extent to 
which compact projects incorporate 
features that mitigate water quality 

impacts and protect sensitive areas. In 
the past year, they have completed more 
than 100 surveys and have completed an 
in-depth survey of one new urban 
project, Southern Village in Chapel Hill. 
As the project comes to a close, they will 
complete survey analysis and develop a 
range of compact and low-density 
development scenarios on which to base 
stormwater modeling. They will then 
model the water quality effects of 
alternative development patterns. 

Carpenter Vzllage, Cary, NC 

Water Quality and Quantity Impacts of 
Urban Forms: A Comparative Analysis 
of Compact and Low-Density Develop
ment (70185) 
Philip Berke and Rhonda Ryznar, 
Department of City and Regional 
Planning, UNC-Chapel Hill, and Nancy 
White and Dan Line, College of Design 
and Department of Agricultural and 
Biological Engineering, NCSU 
July 1, 2000, to December 31, 2001 
Funded by WRRI 
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Continuing research 

NCSU researchers continue to improve ability 
to count Pfiesteria piscicida in natural waters 

In a project aimed at shedding light 
on environmental controls on 
Pfiesteria piscicida abundance, Dr. 
JoAnn Burkholder and Dr. Howard 
Glasgow continue to collect 
phytoplankton samples from the 
Neuse Estuary in locations compat
ible with sampling in the Neuse 
Modeling and Monitoring Program 
and apply fluorescent in situ 
hybridization (FISH) probes 
specific to detect P piscicida, P 
shumwayae and a pfiesteria look
alike in the samples. They have 
optimized the probes to routinely 
identify the species in mixed 
cultures, and have used them, 
paired with flow cytometric 
techniques, to quantify each 
Pfiesteria species using PCR -screened 
material. Their goal is to routinely use 

Zoospore stage of Pfiesteria piscicida 
(Photo courtesy ofNCSU Center for 

Applied Aquatic Ecology) 

NCSU researcher continues "life cycle" analysis 
of swine waste management alternatives 
Environmental groups continue to call 
for the phase-out of the lagoon/land 
application system for management of 
animal wastes. At NC State, the Animal 
and Poultry Waste Management Center 
(APWMC) continues to investigate the 
feasibility of alternative animal waste 
management technologies. To project the 
environmental consequences of shifts in 
animal waste management, Dr. Michael 
Overcash ofNCSU continues a project 
begun in 2000 to develop inclusive 
environmental profiles (key emissions, 
shifts in emissions among receiving 
media, and shifts between local and 
distant emissions) of alternative tech
nologies. 

In the first phase of the project, 
Overcash and colleagues in the NCSU 
Department of Agriculture and Resource 
Economics assembled available eco
nomic data on animal waste management 

technologies and assigned costs to each 
portion of each technology to produce an 
economic overview document intended 
to serve as a basis for comparisons of 
replacement technologies. In completing 
this part of the project, they concluded 
that realistic economic data can come 
only from full-scale or larger pilot scale 
systems and that the economic document 
will need to be refined as appropriate
scale testing is completed by the 
APWMC. 

During the first phase, Dr. 
Overcash also developed the environ
mental profile for the biological aerated 
filter (BAF) process and completed the 
comparison of environmental conse
quences of the BAF and the lagoon/land 
application system. The comparison 
shows that a shift from the lagoon/land 
application system to the BAF system 
would trade ammonia emissions for 

flow cytometry FISHes to process 
natural estuarine water samples to 
quantify Pfiesteria species. The 
ability to correlate P piscicida 
abundances with water quality 
conditions could help predict toxic 
outbreaks and develop controls. 

Routine Quantification of Pfiesteria 
Piscicida in Water Samples from 
the Mesohaline Neuse Estuary 
(50285) 
JoAnn Burkholder and Howard 
Glasgow, Department of Zoology, 
NC State University 
February 1,2000, to September 1, 
2001 
Funded by the N.C. Department of 
Environment and Natural Re-

sources and the Neuse River Foundation 

significantly increased CO
2 

emissions 
and that the emissions would take place 
at significantly different geographic 
locations and have different environmen
tal impacts. 

In the current project, Dr. Overcash 
will develop environmental profiles of 
three additional technologies being 
studied by the APWMC: sequencing 
batch reactors, covered lagoon, and 
constructed wetlands. 

Environmental Evaluation of Alterna
tives for Animal Waste Management in 
North Carolina (70193) 
Michael Overcash, Department of 
Chemical Engineering, NC State 
University 
April 1, 2001 to March 31, 2002 
Funded by WRRI 



WRRI 2001- 2002 Annual Program .:. 9 

With submission of nitrogen TMDL, 
Neuse ModMon Project winds down 
In 1997, the N.C. Environmental 
Management Commission adopted a set 
of rules aimed at reducing by 30% the 
amount of nitrogen delivered to the 
Neuse River Estuary. To investigate 
whether the 30% reduction would solve 
problems related to algae blooms, fish 
kills and the toxic dinoflagellate Pfieste
ria piscicida, the N.C. Department of 
Environment and 
Natural Re
sources and 
WRRI launched 
a massive 
monitoring and 
modeling effort 
dubbed 
"ModMon." In 
1998, the N.C. 
General Assem
bly provided an 
appropriation to 
continue Neuse 
ModMon. 

ModMon 
has hadfour 
components: 

• Modeling: 
Calibration, 

provide data for water quality model
ing. 

• Stakeholder process: Because the 
1997 Clean Water Responsibility Act 
required that a nutrient-response 
model for the Neuse Estuary be 
developed in conjunction with 
stakeholders, a stakeholder process 

In the first stage of the project, 
stakeholders identified goals for cleaning 
up the Neuse. In the second phase, these 
goals became endpoints for the long-term 
modeling effort. In this effort a Bayesian 
probability network model (called the 
Neuse Estuary Bayesian Ecological 
Response Network or Neu-BERN) was 
used to link predictive science to 

stakeholders' 
concerns and, 
initially, to 
predict the 
probabilities that 
various nitrogen 
reduction 
scenarios will 
accomplish 
certain goals, 
such as improved 
fish health, 
reduced fishkills, 
and improved 
shellfish habitat. 
Critical to these 
predictions were 
results of 
ModMon studies 

improvement 
and testing of 
a water 

Jesse McNinch of the UNC Institute of Marine Sciences deploys a CTD for real-time 
measurement of dissolved oxygen, salinity, temperature and chlorophyll a. 

of nitrogen 
cycling in the 
estuary, benthic 
fisheries habitat, 

quality 
process simulation model, the Neuse 
Estuary Eutrophication Response 
(NEEM) model. Also, development of 
a framework model for making 
management decisions. 

• Data analysis: Analysis of historic data 
to determine loading trends, re
analysis to include recent data, and 
development of methods to allow use 
of disparate datasets. 

• Monitoring: A massive undertaking of 
fish, sediments, water quality and 
hydrology sampling from New Bern 
to the mouth of the Neuse River to 

Photo from the Neuse River ModMon website. 

was established as part of the Neuse 
ModMon project. 

In 1998, the U.S. Environmental 
Protection Agency settled a lawsuit 
brought by the Neuse River Foundation 
which required North Carolina to 
establish a Total Maximum Daily Load 
(TMDL) for nitrogen for the Neuse 
Estuary as required by Section 303 (d) of 
the Clean Water Act. The Neuse 
ModMon Project then became the 
primary vehicle for establishing the 
scientific basis and providing stakeholder 
input for the Neuse nitrogen TMDL. 

and fish response 
to water quality 

conditions. Because chlorophyll a is the 
endpoint targeted by the TMDL, Neu
BERN was revised during the second 
phase of the project to also produce 
probabilities of chlorophyll a standard 
violations in response to various nitrogen 
loads. 

Stage one also yielded new water 
quality and ecological monitoring data 
that were initially used to calibrate the 
NEEM model. Stage two monitoring and 
other studies produced additional water 
quality data for further calibration 

continued next page 
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(taking into account a detected reduction 
in loading from point sources between 
1998-2000) and a submodel for the 
NEEM that provides input on the role of 
sediments in regulating water quality in 
the estuary. The sediment diagenesis 
model indicates that decreased nutrient 
loading will reduce denitrification taking 
place in sediments, and reduced denitrifi
cation will tend to offset reductions in 
nitrogen loading. The NEEM model has 
been run to predict chlorophyll a 
responses to various nitrogen reduction 
scenarios. 

Based on predictions from Neu
Bern and NEEM and recommendations 
by the Neuse TMDL Stakeholders Panel, 
the N.C. Department of Environment and 
Natural Resources has submitted to EPA 
its final TMDL assessment. The docu
ment recommends that to accomplish the 
goal of having no more than 10% of 
samples in specified areas and times 
exceed the 40 J.lglL chlorophyll a 
standard, a 40% reduction from the 
1991-1995 baseline in total nitrogen 
delivered to the estuary is needed (the 
preliminary TMDL called for a 30% 
reduction from the 1991-1995 baseline). 
Since monitoring and analysis indicates a 
25% reduction from the 1991-1995 
baseline has already been accomplished, 
an additional reduction of 10% is needed 
to meet standards and provide a margin 
of safety of 4%, according to the assess
ment (see page 30 of public review draft 
for explanation of this calculation). 

The final TMDL assessment 
includes an interim stakeholder document 
that provides a general framework for 
developing a strategy for allocating 
reduction amounts among various 
nitrogen sources. However, because the 
nitrogen delivery model (SPARROW) 
being developed for the Neuse Basin is 
not yet complete, no detailed allocation 
strategy is included in the TMDL. The 
TMDL will be presented to the N.C. 
Environmental Management Commission 
for revision of allocations established in 
the Neuse River Nutrient Sensitive 
Waters Management Strategy. Because 
there is considerable uncertainty regard-

ing a number of key factors in the 
assessment (including the magnitude of 
the reduction in nitrogen loading since 
1998 and how sediment diagenesis will 
affect nitrogen contribution from 
sediments), the N.C. Division of Water 
Quality recommends use of "adaptive 
management" which includes continuing 
monitoring and assessment of conditions 
and management response. 

As the Neuse ModMon project 
winds down, scientists at the ONC 
Institute of Marine Sciences and the 
ONC Department of Marine Sciences 
wrap up monitoring to add to a long-term 
mid-stream monitoring database of 
critical water quality variables in the 
Neuse River Estuary. (Monitoring by 
DENR and scientists under other 
programs will continue.) James D. 
Bowen at ONC-Charlotte is preparing 
monitoring data collected during 2000 
for use in the NEEM and will conduct a 
validation study using the data. Duke and 
WRRI scientists are at work on a book 
examining how the TMDL process can 
be improved using modeling decision 
analysis as a prescriptive framework and 
incorporating information on uncertainty. 
They will use the management of 
eutrophication in the Neuse River 
Estuary as a case study. A second set of 
ModMon reports and/or papers will be 
published over the next few months. 

Neuse River Estuary Modeling and 
Monitoring Project: Phase II Monitoring 
(50261) 
May 1, 1999, to September 30,2001 
Christopher P. Buzzelli, Richard A. 
Luettich, Jr., and 'Hans W. Paerl, ONC 
Institute of Marine Sciences and Marc J. 
Alperin and Christopher S. Martens, 
Department of Marine Science, ONC
Chapel Hill 
Funded by the N.C. General Assembly 
through the N.C. Department of Environ
ment and Natural Resources 

Integrating Science and Values for Water 
Quality Decision-Making: A Case Study 
of the Neuse River Estuary, North 
Carolina (50288) 

Lynn A. Maguire and Mark E. Borsuk, 
Nicholas School of the Environment, 
Duke University 
June 1,2001 to September 30, 2001 

Additional Development of the Neuse 
Estuary Eutrophication Model for 
Prediction of Water Quality Improvement 
(50262) 
James D. Bowen, Department of Engi
neering Technology, ONC-Charlotte 
January 1, 1999 to December 31, 2001 

Funded by the N.C. General Assembly 
through the N.C. Department of Environ
ment and Natural Resources 

Other Continuing 
Projects 

Monitoring of Atmospheric 

Concentrations of Ammonia/ 

Ammonium in Eastern N. C. using 

Annular Denuder and Passive 

Filter Technology (50304) 

Wayne P. Robarge, Department of 

Soil Science, NC State University 

February 15, 2001, to September 
30,2001 

Funded by the N.C. Division of 

Air Quality 

Denitrification and Sediment

Water Nutrient Exchange in the 

Upper Neuse River (50266) 

Stephen C. Whalen, Department of 

Environmental Sciences and 

Engineering, UNC-Chapel Hill 

July 1, 1999, to December 31, 

2001 

Funded by WRRI 
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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, 
appointed jointly by the Chancellor ofNC State University 
and the N.C. Secretary of Environment and Natural Re
sources, 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 Perfor
mance of Riparian Buffers in Suburban Settings (50296) Aziz 
Amoozegar, NC State University 

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

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

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

• Method Development to Determine Fecal Contaminant 
Source Information for TMDl Assessments (50300) Helene A. 
Hilger, UNC-Charlotte 

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

State University 

The following projects have been selected for funding 
under the second cycle, subject to availability of funds: 

• Application of DRAIN MOD-Based Nitrogen loading Models to 
lower Coastal Plain Watersheds; George M. Chescheir, Glenn P. 
Fernandez, and Devendra M. Amatya, NC State University 

• Urbanization and Decline in Water Quality: Do Statistically 
Identifiable Thresholds Exist? James F. Gilliam, NC State Univer
sity 

• Determining the Effectiveness of Shrub Buffers to Reduce 
Nitrate-Nitrogen from Agricultural Fields in a Coastal Plain 
Setting; Deanna Osmond, David Hardy, J. Wendell Gilliam, and 
Robert O. Evan,; NC State University 

• Land Use Patterns and Pollution in the Upper Neuse River; 
Raymond B. Palmquist and Daniel J. Phaneuf, NC State Univer
sity 

• Evaluation of Watershed Change and Small Marina Impacts 
on Bacterial Contamination of Estuarine Waters; Nancy M. 
White, NC State University 

• Effect of Riparian Buffer Zones on Water Quality and 
Biodiversity in Piedmont Urban Streams; Anne E. Hershey and 

Paul P. Mou, UNC-Greensboro 

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 to contract with 
WRRI to administer the remainder of the funds for individual 
research projects to be selected by the SCC. 

In August 2001, the SCC voted to fund the following 
project from the remaining research funds: 

• Sediment and Erosion Control: Evaluation of Cost and 
Effectiveness; 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 on the following pages. 

UNC/USGS scientists will test for occurrence of antibiotics in 
drinking water sources 
More than 50 million pounds of antibiot
ics are produced in the United States 
each year. About one-half of these are 
prescribed for human use and one-half 
for agriculture. About 40 percent of the 
antibiotics that are produced are used for 
livestock (swine, poultry, and cattle), and 
the majority of these are given in sub
therapeutic doses as feed additives to 
enhance growth. Antibiotics are also 
used in aquaculture and sprayed on fruit 
trees to inhibit fungal growth. 

Only a small fraction of doses of 
antibiotics administered to humans is 
metabolized, so that the vast majority of 

antibiotics end up in sewerage systems. 
Because of their bioactivity, they are 
likely to survive wastewater treatment 
and may pose a threat to the ecosystems 
into which the treated water is dis
charged. Antibiotic residues originating 
from animal administration may similarly 
be washed into streams. Drinking water 
plants downstream of such water sources 
may, therefore, be drawing raw waters 
containing trace levels of antibiotics and 
their metabolites on a daily basis, and it 
is unlikely that conventional drinking 
water treatment removes them. The 
presence of antibiotics in drinking water 

sources could be encouraging the 
emergence of antibiotic-resistant 
bacteria, which would then pose a 
serious human health threat. 

While studies in Europe confirm 
the potential for antibiotic contamination 
of natural waters, little is known about 
the extent to which antibiotics may 
actually be found in drinking water 
sources in the United States let alone in 
North Carolina. In order to determine 
whether we have a major environmental 
problem on our hands, this new project 
will provide an initial screening of the 
prevalence of antibiotic residues in 



drinking water supplies across North 
Carolina. Sampling will be focused on 
susceptible drinking water supplies 
located downsteam from potential 
sources of pharmaceutical contaminants, 
including animal feeding operations, 
wastewater treatment plants serving 
populations likely to be large users of 
antibiotics, pharmaceutical manufactur
ers, and hospitals. At least one drinking 
water source that does not have any 
potential upstream sources of pharma
ceutical contaminants will also be 
sampled for comparison. The investiga
tors will collect grab samples from the 
intakes of the drinking water facilities 
during both low-flow and high-flow 
conditions. To determine the extent to 
which drinking water treatment may 
remove antibiotics, samples of finished 
drinking water will also be collected at 
times corresponding to sampling at water 
intakes. 

Because concerns about the human 
and environmental effects of antibiotics 
is fairly recent, analytical methods for 
their measurement have only recently 
begun to be developed. Therefore, part 
of this project involves evaluating 
analytical techniques and developing 
approaches that ensure interference-free 
methodology. The goal is to analyze 
samples for 25 specific antibiotic 
residues 

The results of the study will 
provide an answer to the question "Are 
there antibiotics in our drinking water?" 
and will serve as the basis for determin
ing whether higher priority investigations 
of antibiotics in drinking water sources 
are warranted. 

Investigation of the Occurrence of 
Residual Antibiotics and their Metabo
lites in Drinking Water (50307) 
Howard Weinberg, Department of 
Environmental Sciences and Engineer
ing, UNC-Chapel Hill and Michael T. 
Meyer, U.S. Geological Survey 
September 1,2001, to November 30, 
2002 
Funded by the N.C. Urban Water 
Consortium 
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UNC investigators will study use of 
membranes to treat wastewater for reuse 
In this study co-funded by the Water 
Environment Research Foundation 
(WERF), engineers at UNC-Chapel Hill 
and N.C. A&T State University will 
work with engineers at Camp, Dresser & 
McKee, Inc. (CDM) to carry out a two
phase project to identify membrane 
technologies capable of treating waste
water to attain water qualities required 
for various reuse applications. 

In Phase I, Francis A. DiGiano and 
Michael D. Aitken of the UNC-CH 
Department of Environmental Sciences 
and Engineering, aided by Shoou-Yuh 
Chang of the NC A&T Department of 
Civil Engineering, will conduct a 
comprehensive search of the technical 
literature pertinent to the use of mem
brane technology for wastewater treat
ment, with a particular emphasis on reuse 
applications. They will prepare a 
database of this literature and will make 
the database available for Consortium 
members on a project Internet site. 
Together with CDM, the investigators 
will survey municipal and industrial 
facilities that have evaluated membrane 
technology for wastewater treatment at 
pilot- or full-scale and document the 
results in a Microsoft Access database. 
They will also summarize state and 
federal standards for water quality for 
reuse applications and make this infor
mation and the evaluation database 

available to WERF subscribers and to 
Consortium members. Finally, they will 
prepare a report documenting the state
of-the-art of membrane applications in 
wastewater treatment, including an 
analysis of water quality required for 
specific reuse applications and the ability 
of a given membrane process to achieve 
such water quality. 

Based on the results of the Phase I 
assessment, the investigators will 
develop specific goals for a pilot plant 
study. In Phase II of the project, CDM 
will install pilot plant equipment at 
Greensboro's North Buffalo Wastewater 
Treatment Plant for studies of membrane 
treatment technology. 

Assessment of the State-of the-Art of 
Membrane Treatment of Secondary 
Wastewater Ejjluent for Subsequent Use 

(50306) 
Francis A. DiGiano, Michael D. Aitken, 
and Daniel A. Okun, (Professor Emeritus 
as special consultant), Department of 
Environmental Sciences and Engineer
ing, UNC-Chapel Hill and Shoou-Yuh 
Chang, Department of Civil Engineering, 
NC A&T State University 
June 1, 2001, to June 30, 2002 
Funded by the N.C. Urban Water 
Consortium and the Water Environment 
Research Foundation 

UNC-Charlotte investigator will study 
system for real-time flood forecasting 
The Next Generation Weather Radar 
system (NEXRAD) comprises about 160 
Weather Surveillance Radar-1988 
Doppler (WSR-88D) sites across the 
United States and overseas. WSR-88D 
collects base meteorological data
reflectivity, mean radial velocity, and 
spectrum width- from which rainfall 
rates can be derived. Thus NEXRAD 
provides a new approach for rainfall
runoff modeling, storm forecasting and, 
real-time flood prediction. 

In this project, Dr. Jy S. Wu of 
UNC-Charlotte will explore for the cities 
of Raleigh and Greensboro the feasibility 
of using NEXRAD to develop a real-time 
flood forecasting and warning system. He 
will begin by studying the relationship 
between NEXRAD radar data and 
recorded rainfall records. He will obtain 
data from raingages for five to eight 
storms in both cities, obtain NEXRAD 

continued next page 
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URBAN WATER CONSORTIUM 
CONTINUING RESEARCH 

Cost Effectiveness Analysis of Structural Storm Water Best Management Practices 
in North Carolina (50260) 
William Hunt, Department of Agricultural and Biological Engineering and Grada 
Wossink, Department of Natural and Resource Economics, NC State University 
September 1,1999, to March 31, 2002 
Funded by the Urban Water Consortium Stormwater Group 

Evaluation of Pesticide Residue Levels in Various Watersheds (50273 50277 
50278,50270,50311) , , 

Ross B. Leidy, Department of Toxicology, NC State University 
July 1, 1999, to various end dates 
Funded by the Urban Water Consortium and the cities of Burlington and Winston
Salem 

Influence of Lock and Dam Structures on Water Quality in the Lower Cape Fear 
River (50282) 
Stephen C. Whalen, Department of Environmental Sciences and Engineering, UNC
Chapel Hill 
September 1, 1999, to August 31, 2001 
Funded by the Cape Fear River Association through the Public Works Commission, 
City of Fayetteville, NC 

Analysis of Stream Datafrom Middle Cape Fear River (50284) 
Donald Francisco, Department of Environmental Sciences and Engineering, UNC
Chapel Hill 
September 1, 1999, to November 30,2001 
Funded by the Cape Fear River Association through the Public Works Commission, 
City of Fayetteville, NC 

Development of Stream Identification Methodology, Greensboro, NC (50294) 
James D. Gregory, Department of Forestry, NC State University 
June 1, 2000, to December 30, 2001 
Funded by the City of Greensboro 

Functional Capacity Assessment of a Flood Plain Storm Water Treatment Wetland, 
Greensboro,NC(50293) 
James D. Gregory, Department of Forestry, NC State University 
June 1, 2000, to December 31, 2002 
Funded by the City of Greensboro 

Flood forecasting continued 

Level II data for the gaged storms, and 
adjust coefficients in the standard "R-Z" 
relationship to produce statistically 
acceptable agreements between predicted 
and recorded rainfalls for local condi
tions. 

A Feasibility Study for Developing Real
Time Flood Forecast Systems (50314) 
Jy S. Wu, Department of Civil Engineer
ing, UNC-Charlotte 
August 1, 2001, to May, 31, 2002 
Funded by the City of Raleigh and the 
City of Greensboro 

STUDENT 
INTERNSHIPS 

WRRI coordinates internship programs 
which provide college students opportu
nities to work with the following govern
ment agencies to gain practical experi
ence in various areas of environmental 
protection: 

• N.C. Office of Waste Reduction 
• N.C. Division of Land Resources, 

Land Quality Section 

• U.S. Geological Survey 
• N.C. Division of Soil and Water 

Conservation 

In addition, WRRI employs a technical 
writing intern to assist in the preparation 
of its newsletters, reports, and website. 

UPCOMING 
WORKSHOPS AND 

CONFERENCES 

WRRI will sponsor or cosponsor the 
following conferences, workshops, and 
forums in 2001 - 2002. 

The Community-Wide Approach to 
Domestic Wastewater Treatment, Sept 
17, 2001, McKimmon Center, Raleigh. 
With the N.C. Water Resources Associa
tion (NCWRA). 

An Introduction to Erosion and 
Sedimentation Control for Construc
tion Sites, Sept 26-27,2001, in Hickory. 
With the N.C. Sedimentation Control 
Commission and the N.C. Land Quality 
Section. 

An Introduction to Erosion and 
Sedimentation Control for Construc
tion Sites, Oct 25-26,2001 , in New 
Bern. With the N.C. Sedimentation 
Control Commission and the N.C. Land 
Quality Section. 

continued page 16 
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TECHNOLOGY TRANSFER 
WRRI disseminates information and promotes adoption of new technology and practices through publication 
of newsletters and technical completion reports on its projects and through sponsorship and cosponsorship 
of conferences, workshops and seminars. The Institute also supports a World Wide Web site. 

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 WRR!. Summaries of 
more than 100 WRRI technical reports are also available on 
the Institute's website at http://www2.ncsu.edu/ncsu/CIU 
WRRl/reports/index.html. During the past year the following 
peer-reviewed technical completion reports were published: 

WRRI-325-A Neuse River Estuary Modeling and Monitoring 
Project Stage 1: Executive Summary (Kenneth H. Reckhow 
and Jeri Gray, WRR~ 

WRRI-325-B Neuse River Estuary Modeling and Monitoring 
Project Stage 1: Hydrography and Circulation, Water Column 
Nutrients and Productivity, Sedimentary Processes and 
Benthic-Pelagic Coupling and Benthic Ecology (Richard A. 
Luettich, Jr., Jesse E. McNinch, Hans Paerl, Charles H. 
Peterson and John T. Wells, UNC Institute of Marine Sciences; 
Marc Alperin and Christopher S. Martens, UNC-Chapel Hill; 
and James L. Pinckney, Texas A&M University) 

WRRI-325-D Neuse River Estuary Modeling and Monitoring 
Project Stage 1: Predictions and Uncertainty Analysis of 
Response to Nutrient Loading Using a Mechanistic Eutrophi
cation Model (James D. Bowen and Jeffrey Hieronymus, UNC
Charlotte) 

WRRI-325-E Neuse River Estuary Modeling and Monitoring 
Project Stage 1: An Examination of Long Term Nutrient Data in 
the Neuse River Watershed (Craig A. Stow and Mark E. 
Borsuk, Duke University) 

WRRI-325-F Neuse River Estuary Modeling and Monitoring 
Project Stage 1: Network Analysis for Evaluating the Conse
quences of Nitrogen Loading (Robert R. Christian and 
Cassondra R. Thomas, East Carolina University) 

WRRI-329 Characterization of Atmospheric Ammonia Emis
sions from Swine Waste Storage and Treatment Lagoons 
(Viney P. Aneja, J.P. Chauhan, and John Walker, NC State 
University) 

WRRI-330 Sampling Strategies for Estimating Status and Cost 
of Watershed Management Policies (David H. Moreau, Kristin 
Komives, and Jeremy Klop, UNC-Chapel Hill) 

WRRI-331 Data Collection to Support a Simplified Bacterial 
Regrowth Model for Distribution Systems (Francis A. DiGiano, 
Weidong Zhang, Donald E. Francisco, and Melissa Wood, 
UNC-Chapel Hill) 

WRRI-332 Benefits of Quality Improvements in North 
Carolina's Water Resources (Daniel J. Phaneuf, NC State 
University) 

WRRI-333 Examination of the Wetland Hydrologic Criterion 
and Its Application in the Determination of Wetland Hydrologic 
Status (WF. Hunt, III, R. W Skaggs, G.M. Chescheir, and D.M. 
Amatya, NC State University) 

WRRI-334 Evaluation of Performance and Operational Costs 
for Three Biological Nutrient Removal Schemes at a Full-Scale 
Wastewater Treatment Plant (Karl G. Linden, Duke University, 

. and James M. Hawkins and Mary P. Bonislawsky, Black & 
Veatch) 

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 individuals. The NEWS 
regularly covers a wide range of water-related topics from 
current federal and state legislation and regulatory activities to 
new research findings and listings of water-related publica
tions. 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 
announcements are provided through the WRRI-News 
listserve. To be added to the listserve, send an email message 
to MJ2@lists.ncsu.edu. Do no 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 WRR!. 

WRRI's World Wide Web homepage (http://www2.ncsu.edu/ 
ncsu/CIUWRRI) provides on-line access to the WRRI News 
(in HTML and PDF formats); the WRRI Annual Program; 
technical report summaries; the Water Resources Research 
Seminar Series schedule; a water resources research exper
tise directory; 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. 
The Neuse River Homepage can be directly accessed at 
http://www2.ncsu.edu/ncsu/CIUWRRI/neuse.html. 
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2001 - 2002 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 N.C. 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 
WRRI12002seminars.html 

September 24, 2001, Archdale GFHR 
Recommendations for the Total 
Maximum Daily Load Program 

Dr. Kenneth H. Reckhow 
WRRI and Duke University 

October 23, 2001, 1132 Jordan 
Examination of the Wetland Hydrologic 

Criterion and Its Application in the 
Determination of Wetland Hydrologic 

Status 
Dr. R. Wayne Skaggs 
NC State University 

November 26, 2001, Archdale GFHR 
Southern Village: A Case Study in 

the Water Quality Benefits of Compact 
Development 

Research Assistant Joseph A. 
MacDonald, UNC-CH and 

Research Assistant Michael Holmes, 
NC State University 

January 22, 2002, 1132 Jordan 
Development of Stream Identification 

Methodology, Greensboro, NC 
Dr. James D. Gregory 
NC State University 

February 26, 2002, Archdale GFHR 
Performance Evaluation of Regional Wet 

Detention Ponds and a Wetland for 
Urban Nonpoint Source Control 

Dr. Robert C. Borden 
NC State University 

WRRI Technical Committee 

The Technical Committee, composed of university faculty, reviews and makes recommenda
tions on research proposals and in other ways lends professional expertise to the Institute's 
programs. 

Kenneth H. Reckhow, Director, Water Resources Research Institute (Chairman) 
Viney P. Aneja, Department of Marine, Earth, and Atmospheric Sciences, NC State 

University 
Mike Bendetti, Department of Earth Sciences, UNC-Wilmington 
Mark Brinson, Department of Biology, East Carolina University 
Allen C. Chao, Department of Civil Engineering, NC State University 
B.J. Copeland, Department of Zoology, NC State University 
Francis A. DiGiano, Department of Environmental Sciences and Engineering, UNC-Chapel 

Hill 
Tom Drake, Department of Marine, Earth and Atmospheric Sciences, NC State University 
Robert 0. Evans, Department of Biological and Agricultural Engineering, NC State Univer-

sity 
Ronald G. Hodson, Director, Sea Grant College Program of The University of North Carolina 
Associate Director, Water Resources Research Institute 
Russ Lea, Vice President for Research and Sponsored Programs, UNC General Administra

tion 
Jerry Miller, Department of Geosciences & Natural Resource Management, Western 

Carolina University 
Hans Paerl, Institute of Marine Sciences, UNC-Chapel Hill 
Daniel J. Phaneuf, Department of Agricultural and Natural Resource Economics, NC State 

University 
Craig A. Stow, Nicholas School of the Environment, Duke University 
Dharni Vasudevan, Nicholas School of the Environment, Duke University 

March 26, 2002, 1132 Jordan 
Cost Effectiveness Analysis of Structural 
Storm Water Best Management Practices 

in North Carolina 
Mr. William F. Hunt 

and Dr. Grada A. Wossink 
NC State University 

April 23, 2002, Archdale GFHR 
Tracking Drought Impact on Managed 

and Unmanaged Ecosystems of NC 
Dr. Lawrence E. Band and Aaron Moody 

UNC-Chapel Hill 

May 28, 2002, 1132 Jordan 
Role of Sediment Processes in 

Regulating Water Quality 
of the Cape Fear River 
Dr. P. V. Sundareshwar 

Nicholas School of the Environment, 
Duke University 

UPCOMING 
WORKSHOPS AND 

CONFERENCES 
continued 

Flood Plain Management, Dec 3, 2001, 

McKimmon Center, Raleigh. With the 

NCWRA. 

Interbasin Transfer, Feb 4, 2002, 
McKimmon Center, Raleigh (tentative). 
With the NCWRA. 

Annual North Carolina Water Re
sources Research Conference, Apr 9, 

2002, McKimmon Center, Raleigh. 

TMDLs, Apr 8, 2002, McKimmon 

Center, Raleigh (tentative). With the 

NCWRA. 

Drought,Sept 16,2002,McKimmon 

Center, Raleigh (tentative). With the 

NCWRA. 

Air Borne Water Pollutants, Dec 2, 

2002, McKimmon Center, Raleigh 

(tentative). With the NCWRA. 


