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New research 

Can new urbanism provide better storm water 
control than lOW-density development? 
Compact development such as new 
urbanism is being touted as more 

environmentally sustainable than low

density development. In low-density 

development there are generally fewer 

than 3 to 4 homes per acre with large 
front lawns and long driveways, and 

residential areas are widely separated 

from commercial centers and work

places. New urbanism is a high density 
pattern (4 or more dwelling units per 

acre) that mixes different land uses 
(homes, shops, schools, offices etc.) and 

has narrow, pedestrian-friendly streets 

and short setbacks from streets. 

Compact development is said to 

consume less open space, produce less 
impervious surface area, and be more 
protective of water quality. However, 
there is little empirical evidence 

regarding the extent to which compact 

development can mitigate water quality 
and quantity impacts and how it can be 

effectively integrated into local land-use 
plans and regulations. 

In this new project the investigator will 
explore the potential for compact development 
to mitigate storm water runoff impacts. He will 
also investigate techniques local governments 

can use to implement compact development that 

does maintain or restore watershed storage 

capacity for storm water and reduce nonpoint 

pollution from storm water. 

To assess how well current new urbanism 

actually integrates features that mitigate water 

quality impacts, the researcher will select 

projects in Maryland, North Carolina, South 

Carolina, and Virginia and survey local govern

ment engineers and site review planners in the 

project localities. He will collect information 

about the degree to which the projects incorpo
rate specific features aimed at mitigating water 
quality impacts and protecting sensitive areas. A 
list of features will be developed from the 

relevant literature and in consultation with an 

expert advisory committee. The researcher will 

also ask about techniques used by the local 

governments to encourage use of features 

designed to protect water quality and sensitive 

areas, and he will inquire about the financial 

success of the project. 

From the survey results, he will create an 

index that reflects the extent to which the 

continued page 3 
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WRRI BOARD OF DIRECTORS 

Members of the Board of Directors of the Water Resources Research Institute are appointed 
by the President of The University of North Carolina system. The Board establishes Institute 
policy, and the Chairman of the Board makes appointments to the Technical Committee. 

Nino A. Masnari, Dean of College of Engineering, North Carolina State University 
(Chairman) 

James L. Oblinger, Dean of College of Agriculture and Life Sciences, North Carolina 
State University 

Russell F. Christman, Department of Environmental Sciences and Engineering, University 
of North Carolina at Chapel Hill 

Milton S. Heath, Jr., Associate Director, Institute of Government, University of North 
Carolina at Chapel Hill 

Charles G. Moreland, Vice Chancellor for Research, Outreach, and Extension, North 
Carolina State University 

Kenneth H. Reckhow, Director, Water Resources Research Institute (Secretary) 

WRRI ADVISORY COMMITTEE 

The Advisory Committee of the Water Resources Research Institute is composed of represen
tatives from state and federal programs, local government, industry, environmental organiza
tions, private consultants, water and wastewater treatment plants, the university research 
community and others. The committee advises the Institute on the need for water-related 
research .in North Carolina, the region, and the nation. 

Chairman: John N. Morris, Jr., Director, Division of Water Resources, N.C. Department of Environment 
and Natural Resources (DENR) 

Yevonne Brannon, Director, Center for Urban Affairs & Community Services, North Carolina 
State University 

Dale Crisp, Director, Department of Public Utilities, City of Raleigh 
Pat Davis, Triangle J Council of Governments 
James W DeLany, Commander/District Engineer, U.S. Army Corps of Engineers, Wilmington District 
William Eaker, Director, Environmental Programs, Land-of-Sky Regional Council of Governments 
George T. Everett, Director, Legislative and Governmental Affairs, Duke Energy 
Charles H. Gardner, Director, Division of Land Resources, N.C. DENR 
M. (Mick) R. Greeson, Supervisor, Water & Natural Resources, Carolina Power & Light Co. 
Janet C. Herrin, Vice 'President, Water Management, Tennessee Valley Authority 
Edward A. Hal/and, Director of Planning & Development, Orange Water & Sewer Authority 
Preston Howard, President, Manufacturers and Chemical Industry Council of North Carolina 
William Jeter, Chief, On-Site Wastewater Section, Division of Environmental Health, N.C. DENR 
David Knight, Attorney, Lobbyist, and Consultant 
Mary T. Kollstedt, State Conservationist, USDA Natural Resources Conservation Service 
William Kreutzberger, Senior Water Resources SpeCialist, CH2M Hill 
Jessica G. Miles, Chief, Public Water Supply Section, Division of Environmental Health, N.C. DENR 
A. Terry Rolan, Director, Department of Water Resources, City of Durham 
Joseph Rudek, Senior Scientist, N.C. Environmental Defense 
Gerald L. Ryan, District Chief, Geological Survey, U.S. Department of Interior 
Linda Sewall, Director, Division of Environmental Health, N.C. DENR 
Tommy Stevens, Director, Division of Water Quality, N.C. DENR 
Douglas Taylor, Executive Director, Western Piedmont Council of Governments 
Paula S. Thomas, Environmental Policy Specialist, N.C. League of Municipalities 
David S. Vogel, Director, Division of Soil and Water Conservation, N.C. DENR 
Kenneth H. Reckhow, Director, WRRI (Ex-Officio) 

2000 - 2001 INSTITUTE 
RESEARCH PRIORITIES 

In May 1999, the WRRI Advisory Commit
tee met to discuss water resources research 
needs in North Carolina. The committee 
ranked the following topics as the top ten 
priorities for fiscal year 2001. These topics 
were presented to the research community in 
WRRI's 2001 call for proposals. 

1. Evaluate the effectiveness of the erosion 
and sediment control program in the North 
Carolina mountains. 

2. Evaluate aquifer storage and recovery as a 
water supply management measure in the 
Coastal Plain. 

3. Investigate watershed-level impacts of 
hydrologic changes caused by urbanization 
and flow regulation on aquatic habitat and 
water quality and evaluate corrective 
measures. 

4. Determine safe yield of Coastal Plain 
Cretaceous aquifers by documenting total 
recharge and discharge, migration of 
chlorides, and the effect of land subsidence. 

5. Investigate measurement and monitoring 
techniques that can determine the effective
ness of stream and wetland restoration. 

6. Conduct a comprehensive economic 
evaluation of the public and private costs and 
technical feasibility of converting animal 
waste lagoons to more environmentally 
protective waste treatment technologies. 

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

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

9. Investigate the nutrient contribution of 
groundwater sources to rivers in the Coastal 
Plain. 

10. Define the minimum water quality and 
buffer protective measures that are required 
to protect the public when reclaimed water is 
used. 
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New research 

Does accumulation of phosphorous in Piedmont soils increase 
risk of herbicide contamination of ground- and surface waters? 
Most of the research done in North 
Carolina to assess the risk of groundwa
ter contamination by pesticides has 
focused on the soils of the Coastal Plain. 
However, vulnerability ratings focusing 
on Coastal Plain soils, such as the 
pesticide and soil ranking system 
developed by the N.C. Cooperative 
Extension Service, cannot always be 
applied to the fine-textured, highly 
weathered, clay soils of the Piedmont. 
These soils are known to be able to 
immobilize phosphorous (P) very well 
by binding it to oxides of aluminum and 
iron. In fact Piedmont soils are so 
efficient in retaining P that it typically 
accumulates in top- and subsoils. While 
the P retention capacity of Piedmont 
soils protects groundwater and surface 
water runoff from P contamination, 

certain pesticideslherbicides have been 
detected in shallow groundwater in 
several Piedmont counties by state 
sampling programs. These findings raise 
concerns about vulnerability of ground
water in areas of the Piedmont where it 
is heavily used for drinking purposes and 
about pesticides in runoff that flows to 
surface water supplies. 

Based on her previous research, 
the investigator on this project specu
lates that in Piedmont soils P competes 
with readily ionizable pesticides for 
binding sites, consequently reducing the 
soil's capacity to immobilize pesticides, 
leaving them free to leach into ground
water or to run off with surface flow. 
She will test her hypothesis using the 
ionogenic herbicide 2,4-D and the 
nonionogenic herbicide alachlor. She 

New urbanism and storm water 
continued 
projects integrate mitigation and protective 
features. Using this index he will select 4 
projects that represent the range of high 
and low scores and conduct follow-up 
interviews and investigations to obtain 
more detailed information. He will then 
prepare a report on the practices that 
compact development projects use to 
mitigate water quality and quantity 
impacts. 

To compare the water quality and 
quantity impacts of compact develop
ment and low-density development, the 
researcher will design a range of new 
urbanism scenarios (based on the index 
he creates) and a low-density scenario 
for a demonstration watershed located on 
an urban fringe in Piedmont North 
Carolina. He will then model urban 
storm water runoff from each of these 
theoretical developments in the demon
stration watershed. He will run the model 
to assess effects of site plans on peak 
flows, total volume, time of concentra
tion and other runoff variables and will 

conduct statistical analyses to determine 
the relative importance of different urban 
land uses and sensitive area features for 
mitigating runoff impacts. 

The result will be guidance for 
local planners and public officials on 
how urban design can be used to control 
storm water and nonpoint pollution from 
storm water runoff and on the planning 
techniques that most effectively encour
age use of these design features. 

The investigator intends to develop 
a website demonstrating runoff impacts 
of compact and low-density development 
scenarios. 

Water Quality and Quantity Impacts of 
Urban Form: A Comparative Analysis of 
Compact and Low-Density Development 
(70185) 
Philip R. Berke, Center for Urban and 
Regional Studies, UNC-Chapel Hill 
Jul1, 2000, to Jun 30, 2001 
Funded by WRRI 

will first identify a Piedmont forest site 
with Georgeville soils that have not had 
P fertilizer or pesticides applied and so 
should be low in native P. She will then 
find an agricultural site and a golf course 
site that have received P fertilizer for 
several years. She wil~_ take mUltiple 
cores from these sites and characterize 
the soils. To begin understanding the 
relationship between the extent of P 
enrichment of soils and the attenuation 
of 2,4-D and alachlor, she will load the 
forest soils with predetermined amounts 
of inorganic P to simulate fertilization 
scenarios and P leaching to subsoil 
layers. She will then use continuous flow 
stirred tank reactors and column reactors 
to evaluate sorption, desorption, and 
surface-assisted transformations of 2,4-D 
and alachlor in the forest, agriculture, 
and golf course soils. 

While this research focuses on 2,4-
D and alachlor, the results will be 
applicable to similar ionogenic herbi
cides including dicamba, MCPA, 
diclofop, trichlopyr, picloram and 
mecoprop. The results will elucidate 
competition dynamics between P and 
ionogenic herbicides for the same soil 
surface sites and identify the key soil 
variables that influence 2,4-D and 
alachlor fate under both high and low 
soil P levels. The investigator will test 
the feasibility of incorporating these 
parameters into the N.C. Cooperative 
Extension Service pesticide and soil 
ranking system. 

Influence of Phosphorous on the Mobili
zationand Attenuation of Ionogenic 
Herbicides in North Carolina Piedmont 
Soils: Implications for Water Quality 
(70186) 
Dhami Vasudevan, Nicholas School of 
the Environment, Duke University 
Jul 1, 2000, to Jun 30, 2001 
Funded by WRRI 
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Ocracoke Island is washed on one side by Pamlico Sound and on the other by the 
Atlantic Ocean. Photo by Clay Nolen. 

New research 

Will nutrient loading from Hurricanes 
Dennis and Floyd accelerate 
eutrophication of Pamlico Sound? 

Cultural eutrophication of estuaries 
discharging into Pamlico Sound has 
occurred continuously over recent 
decades. However, Pamlico Sound itself 
has not exhibited the same degree of 
eutrophication because the estuaries filter 
nutrients. Major storms-like the 
combination of Hurricanes Dennis and 
Floyd-short-circuit this filtration 
capacity by increasing the hydrologic 
energies through the estuaries and 
decreasing residence times. The re
searchers on this project believe that 
years of nutrient loading may enter 
Pamlico Sound with one event, speed the 
cultural eutrophication of the sound, and 
produce conditions similar to those 

observed in the estuaries. In fact, they 
say, because of its size, limited outlet to 
the ocean, and long residence time, the 
Pamlico Sound may experience longer 
lasting changes in trophic state in 
response to loading from hurricanes than 
its estuaries. 

Because of the recent and pre
dicted future increase in frequency of 
hurricanes in the Pamlico Sound 
watersheds, there is an urgent need to 
assess the sensitivity of the sound to 
hurricanes and its ability to recover from 
such extreme events. 

In this project, the researchers will 
assess the water quality of the southern 
portion of Pamlico Sound related to the 

recent hurricanes, infer 
mechanisms by which 
nutrients are transported from 
estuaries, and determine 
ecological response in the 
sound. 

Sampling will be 
conducted from the mouth of 
the Neuse River Estuary to the 
center of the western basin of 
Pamlico Sound to allow the 
researchers to spatially link 
nutrient-productivity dynam
ics in Pamlico Sound to the 
Neuse River Estuary, where 
these dynamics have already 
been intensely examined 
through the ModMon sam
pling program. The field work 
will also allow determination 
of present day phytoplankton 
dynamics in relation to 
nutrient distributions as a 
baseline from which to assess 
possible future changes in 
phytoplankton community 

structure. Water quality in the sound 
will also be compared to historical data 
from the Neuse River Estuary. Data on 
nutrients and phytoplankton will be 
normalized to salinity to determine how 
the signature of their dynamics in the 
sound may differ from that in the 
estuary. 

This project will produce new 
data on the normal water quality of 
Pamlico Sound and will lead to an 
understanding of ways in which the 
Sound responds to nutrient enrichment. 

Catastrophic Cultural Eutrophication of 
Pamlico Sound: Many Years in One? 
(70183) 
Robert R. Christian, Department of 
Biology, East Carolina University, and 
Hans W. Paerl, Institute of Marine 
Sciences, UNC-Chapel Hill 
April 1, 2000, to April 30, 2001 
Funded by WRRI 
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New research 

What are the major sources of sediment 
in streams and rivers of western North Carolina? 
Federal, State, and local agencies are all 
saying that accelerated erosion and 
sedimentation caused by human activity 
represent a serious, if not the most 
significant, threat to aquatic ecosystems 
within the mountainous terrain of 
western North Carolina. To 
develop and implement effective 
sediment control practices for 
mountainous areas, it is necessary 
to first understand how erosion 
occurs within these high gradient 
environments and what factors 
control rates of erosion and 
sedimentation. It is particularly 
important to know which land uses 
contribute most heavily to sedi
ment loading to the regions' 
streams and rivers. 

The purpose of this research 
project is to begin to provide the 
basic information on which a 
regional approach to protecting 
mountain streams and rivers from 
sedimentation can be based. The 
specific objectives are to: 

Lake, drains a watershed mottled with 
new homes and a few resorts but mostly 
forested. The other, Lower Sapphire 
Lake, drains a watershed intensely 
developed with a variety of land uses, 
including several golf courses. 

• document the natural rates of 
sedimentation in "undisturbed" 
watersheds by examining 
reservoir sediments 

A scene in beautiful Jackson County 

• quantify the relative contributions of 
sediment, at any given time, from 
specific land-cover types and identify 
the most important sediment sources 

• determine how human activity has 
affected sediment yields and sources 
during the past several decades 

The investigators will examine the 
sediment records of two reservoirs in the 
northern headwaters of the Savannah 
River in Jackson County, NC. The study 
area is in the high-growth, affluent areas 
of Cashiers. One reservoir, Fairfield 

By collecting, analyzing and 
dating sediment cores from the reser
voirs, the researchers will reconstruct 
changes in watershed-scale sediment 
loading rates over several decades. By 
geochemical fingerprinting of surface 
sediments found within delineated land
cover categories and comparison of the 
fingerprints with characteristics of 
sediments found within the reservoir 
beds, they will estimate the relative 
contributions of sediment from each 
land-cover category to the reservoirs. 
They will use sequential aerial photo
graphs and historical records to deter-

mine changes in land-cover types within 
the watersheds. 

Knowledge gained through this 
research can be used to focus limited 
financial resources on controlling 

sediment from the most important 
sources to the streams, rivers, and 
reservoirs of western North Carolina. 

Assessment of Changing Land-Use 
Practices on Basin Sediment Yields and 
Provenance in Western North Carolina 
Using Multivariate Finger Printing 
Techniques (70181) 
Jerry R. Miller, Lawrence Kolenbrander, 
Steven Yurkovich, and Mark Lord, Dept. 
Geosciences and Natura! Resources 
Management, Western Carolina University 
Mar 1, 2000, to Feb 28, 2001 
Funded by WRRI and the U.S. Geologi
cal Survey 
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New research 

Are North Carolina's standards for water reuse 
adequate to protect human health? 

Water reuse is the use of treated 
wastewater for a beneficial 
purpose, such as agricultural 
irrigation, landscape irrigation, or 
groundwater recharge. Florida and 
California have allowed water 
reuse for several decades and have 
even begun demonstration 
projects for indirect and direct 
reuse for potable purposes. 

Because several large 
municipalities expressed interest 
in water reuse, North Carolina in 
1996 revised its regulations 
governing "waste not discharged 
to surface waters" to address 
standards for application of 
reclaimed water to public areas 
(such as golf courses). However, 
questions have been raised about 
the rationale for the standards and 
whether they adequately protect 
public health. For instance: 

• Are the requirements for treatment of 
wastewater prior to land application 
sufficient to protect people who come 
into contact with irrigated landscapes 
from increased risk of microbiologi
cal contamination? 

• Should there be more specific 
requirements for how and when 
reclaimed water is applied to public 
areas? 

• Does it really make sense to require a 
buffer to prevent runoff of reclaimed 
water from reaching surface waters 
when effluent treated to less stringent 
microbiological standards is dis
charged directly to the same surface 
waters? 

To answer these questions, the 
researcher will monitor the quality of 
reclaimed water produced at new water 

reclamation facilities in Charlotte and 
Raleigh, contaminant loadings at 
application sites receiving water from 
these facilities, and stream water quality 
upstream and downstream of the 
application sites. From this monitoring 
she will assess how consistently the 
facilities are producing reclaimed water 
that meets requirements, whether the 
reclaimed water may contain pathogens 
not revealed by the required total and 
fecal coliform tests, the degree to which 
pathogens may survive after land 
application, and whether runoff from 
application sites is elevating pathogen 
concentration in surface waters. She will 
also conduct an extensive survey of 
literature on microbiological contami-

. nants associated with reclaimed waste
water to see if her results agree with 
other published results. 

The outcome of the project is 
expected to be recommendations for 
microbiological water quality criteria 

and a foundation for reviewing the 
efficacy of current buffer limits as well 
as other design and operational require
ments that facilities have had problems 
implementing. 

An Assessment of the North Carolina 
Water Reuse Regulations (70180) 
Helene Hilger, Department of Civil 
Engineering, UNC-Charlotte in collabo
ration with Mark Sobsey, Department of 
Environmental Sciences and Engineer
ing, UNC-Chapel Hill 
Mar 1, 2000, to Feb 28,2001 
Funded by WRRI and the U.S. Geologi
cal Survey 
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New research 

What might be the indirect and unintended consequences 
of swine waste management alternatives? 
North Carolina has seen its small and 
midsize swine farms replaced with larger 
scale animal feeding operations designed 
to confine more swine per acre of land. 
These swine production facilities utilize 
a waste management system that 
generally consists of an earthen lagoon 
into which wastes that collect under 
swine houses are washed and fields onto 
which lagoon effluent is sprayed as 
fertilizer for crops. This system was 
developed and recommended in the 
1970s as a solution to feedlot runoff 

from small and midsize animal opera
tions. 

Some of these lagoonlsprayfield 
systems have been mismanaged, and 
lagoon waste has been spilled into 
streams and wetlands. Storms and 
hurricanes have flooded and washed out 
some lagoons sending waste into surface 
waters. Research has shown that nitrogen 
compounds may concentrate in shallow 
groundwater under sprayfields. Re
search has also shown that ammonia 
emanating from waste collecting under 

swine houses can be deposited as 
ammonium into terrestrial areas and 
nutrient-sensitive surface water re
sources. 

Thus, current swine waste manage
ment practices are under scrutiny, and at 
least two initiatives aimed at replacing 
the lagoonlsprayfield systems are 
underway in North Carolina. The NCSU 
Animal and Poultry Waste Management 
Center has been charged with evaluating 
whether alternative waste management 
technologies can better protect water and 

air resources and be economically 
feasible for swine producers to adopt. 

The research project described 
here has been proposed to shed light on 
the broader environmental and economic 
implications of alternative technologies. 
In an effort to predict indirect and 
unintended effects of alternative tech
nologies, the researchers will conduct a 
"life cycle" analysis of the current waste 
management system and of each of four 
technologies identified as promising by 

the Animal and Poultry Waste Manage
ment Center: (1) upflow biofilters, (2) 
sequencing batch reactors, (3) covered 
lagoon, (4) constructed wetlands. The 
life cycle analysis will include key 
environmental emissions, shifts in 
emissions among receiving media, and 
shifts between local and distant emis
sions. Comparisons will be made of 
absolute differences in overall emissions 
of the current technology and each 
alternative technology. 

The economic framework to be 
developed for analysis of 
alternative technologies 
will identify and take into 
account indirect benefits 
that accrue to the producer 
(such as improved herd 
health) and indirect 
benefits that accrue 
outside the facility (such 
as increased property 
values due to odor 
reduction). 

The researchers 
intend that their work will 
help produce more 
informed decisions about 
future waste management 

alternatives. 

Technical and Economic 
Evaluation of Alternatives for Animal 
Waste Management (70182) 
Michael Overcash, Department of 
Chemical Engineering and Mitch 
Renkow and Kelly Zering, Department 
of Agriculture and Resource Economics, 
N.C. State University 
Mar 1, 2000, to Feb 28, 2001 
Funded by WRRI and the U.S. Geologi
cal Survey 
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WRRI CONTINUING RESEARCH 
Effectiveness of Four "Best Management Practices" for Reducing Nonpoint
Source Pollution from Piedmont Tobacco Fields (70184) E. Carlyle Franklin, 
N.C. State University (Apr 1, 2000, to Jun 30, 2001)-Funded by WRRI 
The investigator reports that in the fIrst year of this study on the effectiveness of a 
fully integrated system of field, fIeld edge, and adjacent woodland BMPs, his team 
has seen dramatic reductions in nonpoint source pollution leaving tobacco fields 
using conservation tillage. They have also observed an increase in effectiveness of a 
forested fIlter zone after clearcutting mature timber. The project has now been 
expanded to include the use of level spreaders in the grassed fIlter zone and thinning 
a mature forested fIlter zone. These activities will allow the research team to 
estimate incremental reductions in nonpoint source pollution through use of indi
vidual BMPs. 

Water Flow Analysis for Large Septic Systems (70168) Aziz Amoozegar and 
David L. Lindbo, N.C. State University (June 1, 1998, to Dec 30, 2000)-Funded by 
WRRI 
The researchers are c9mpleting their project to develop new methodology that will 
allow regulators and septic system designers to take site hydrology into account in 
evaluating sites for and designing large septic system. 

Predicting Long-Ter.m Wetland Hydrology Using Hydric Soil Field Indicators 
(70175) Michael J. V~praskas and David L. Lindbo, N.C. State University (Mar 1, 
1999, to Feb 28, 2001)-Funded by WRRI and USGS 
The researchers continue their efforts to develop a tool that can be applied on site in 
a single day to evaluate wetland hydrology in the N.C. Coastal Plain. They are 
correlating soil color patterns to long-tenn saturation frequency and duration 
predicted by DRAINMOD for benchmark soils in the Coastal Plain. 

Algal, Bacterial, and BOD Responses to Nutrient Gradients in Coastal Plain 
Watersheds (70177) Michael A. Mallin and Lawrence B. Cahoon, UNC
Wilmington (May 1, 1999, to Dec 31, 2000)-Funded by WRRI 
The investigators continue to conduct nutrient-loading bioassays to investigate 
whether increased nutrient loading from wastewater discharges and nonpoint 
sources stimulates bacterial growth and algal blooms, thereby indirectly exacerbat
ing hypoxia, in blackwater rivers. 

Reports in Preparation 

Hog Waste Treatment to Control Microbial Contamination (70173) Mark 
Sobsey, UNC-Chapel Hill 

Mass Balance and N Cycling Dynamics in Field Plots Experimentally Fertilized 
with Liquid Lagoonal Swine Emuent (70170) Stephen C. Whalen, UNC-Chapel 
Hill 

Neuse ModMon 
project now 
focusing on long
term model and 
TMDL development 
In 1995, the toxic dinoflagellate Pfieste
ria piscicida was discovered in the 
Neuse Estuary, and number of large 
fIshkills occurred. These events galva
nized public support for a program to 
clean up the long-troubled estuary. The 
N.C. Senate's Select Committee on River 
Water Quality and Fish Kills convened a 
group of university scientists to advise 
lawmakers about water quality problems 
in the estuary. After a number of 
meetings in which they reviewed 
research and existing data, scientists 
advised lawmakers that it was their 
judgment that the Neuse Estuary suffers 
from nutrient overenrichment. They 
recommended capping nitrogen loading 
to the estuary at 70% of the 1990-95 
average load-that is, reducing nitrogen 
loading by 30%. 

The General Assembly passed 
legislation requiring the N.C. Environ
mental Management Commission to 
adopt rules to accomplish the load 
reduction, and in 1997, after long 
negotiations with stakeholders, the EMC 
adopted a set of rules aimed at reducing 
by 30% nitrogen loading from wastewa
ter treatment plants, agricultural areas, 
and urban areas. That year, with funding 
from the N.C. Department of Environ
ment and Natural Resources and WRRI, 
scientists at four N.C. universities 
launched a massive monitoring and 
modeling effort to develop a framework 
for assessing the likely results of the 
30% nitrogen reduction and to support 
future decisionmaking for the Neuse 
River Estuary. The following year, the 
N.C. General Assembly provided an 
appropriation to continue the Neuse 
monitoring and modeling project, tenned 
"ModMon." 

The ModMon project has three 
components: 
• Monitoring: A massive undertaking of 

fish, sediments, water quality and 



hydrology sampling from New Bern to 
the mouth of the Neuse River to provide 
data for water quality modeling. 

• Short-term Modeling: Calibration, 
improvement, and error analysis of a 
water quality process simulation 
model (CE-Qual-W2) for the estua
rine portion of the Neuse. 

• Long-term Modeling: Development of 
a framework for making management 
decisions and selection of an ap
proach to developing a comprehen
sive water quality model to support 
decisionmaking. 

As part of the long-term modeling 
effort, and because the 1997 Clean Water 
Responsibility Act requires that a 
nutrient-response model for the Neuse 
Estuary be developed in conjunction 
with stakeholders, a stakeholder process 
has also been part of the Neuse ModMon 
project. 

Stage I results 
The first stage of the ModMon Program 
ended in December 1998. Reports on all 
projects in this stage of the project have 
been published or are in press. 

Stakeholder surveys conducted 
during stage one, identified the goals that 
people who live in the Neuse Basin, 
especially near the estuary, want to see 
accomplished by the cleanup. Stakehold
ers want to see healthy oxygen levels in 
the river, they want to know that water is 
safe for swimming, they want to know 
that seafood from the river is safe to eat, 
they want to see shellfish beds open for 
harvest, and they want to see an end to 
Pfiesteria outbreaks. Stakeholders also 
want to see water quality management 
decisions based on sound science and 
they want a fair allocation of cleanup 
costs. 

Taken together the monitoring and 
assessment projects in stage one confirm 
that it is likely to take many years to 
nurse the Neuse River Estuary back to 
health-that is to the point that healthy 
oxygen levels prevail, massive algae 
blooms and Pfiesteria have become a 
thing of the past, and benthic communi
ties that support fisheries are restored to 
their former robustness. 
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Stage one of Neuse ModMon also 
produced an improved and calibrated 
nutrient response model (the Neuse 
Estuary Eutrophication Model or 
NEEM). 

Stage II 
Stage two of the Neuse ModMon project 
began in the summer of 1999 and is 
scheduled to end December, 2000, when 
funding from the General Assembly runs 
out. Research on the Neuse will not end, 
however, as WRRI will continue to 
sponsor some projects, and investigators 
at various universities will continue to 
look for grants to continue their work. 

Stage two will produce ~mother 
year of critical water quality data that 
will be used to improve nutrient
response modeling. A separate model of 
sediment ammonium flux will be 
completed, and esearch on denitrification 
in the upper Neuse will be completed to 
enhance ability to predict decay of 
nitrogen as it moves downstream. 

Stage two will also see completion 
of models to be used by a team of 
modeling experts, other scientists, and 
stakeholders to guide long-term manage
ment efforts in the Neuse. 

Model to support long
term management 
One model to be used-a Bayesian 
probability network, or "Bayes-net"
will link science to stakeholders' 
concerns and decision-makers' needs. 
Rather than predicting measures of 
regulatory interest, such as chlorophyll a 
concentrations (which the NEEM does), 
the Bayes net model will predict end
points that have been selected based on 
stakeholder interest. These endpoints 
are: (l) water clarity, (2) the number of 
algal blooms and major fish kills in the 
summer season, (3) human health 
impacts related to Pfiesteria piscicida, 
and (4) an indicator of reduced shellfish 
habitat availability due to low oxygen 
conditions 

The Bayes-net is a probabilistic 
model. That means that rather than 
producing one and only one prediction 
for an endpoint, the model will produce a 

range of predictions and say how likely 
each is. The Bayes-net model can 
calculate the likelihood of specific 
numbers of fish kills and algal blooms, 
the likelihood that specific shellfish 
habitat and water quality conditions will 
arise, and can calculate human health 
risks associated with Pfiesteria. Decision 
makers can look upon these outputs of 
probabilities as risks associated with 
various management options, and can 
make appropriate choices regarding 
water-quality management strategies. 
More information on the long-term 
management model being developed for 
the Neuse Estuary is available in WRRI 
report 325-A, Neuse River Estuary 
Modeling and Monitoring Project Stage 
1: Stage 1 Executive Summary and 
Long-Term Modeling Recommendations. 

TMDL development 
In 1998, the U.S. Environmental Protec
tion Agency settled a lawsuit brought by 
the Neuse River Foundation charging 
that EPA had not fulfilled its responsibil
ity under Section 303 (d) of the Clean 
Water Act to require states to set total 
maximum daily loads (TMDL) for 
pollutants degrading streams. EPA 
required North Carolina to establish a 
TMDL for nitrogen in the Neuse Estuary, 
and the N.C. Division of Water Quality 
submitted an interim TMDL program 
based on a 30% reduction to EPA in 
October 1998. A final TMDL assessment 
is due to be completed by March 31, 
2001. 

The stakeholder group that has 
been meeting to advise on development 
of the NEEM model and the long-term 
management model under the ModMon 
program will continue to meet to 
negotiate (1) a strategy for allocating 
responsibility for meeting the TMDL 
among the major nitrogen sources 
(agriculture, industrial and municipal 
dischargers, and urban storm water), and 
perhaps also among geographic regions 
in the basin; and (2) a TMDL sufficient 
to restore the basin's waters to their 
designated uses. 
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NEUSE RIVER ESTUARY MODEI.ING 
AND MONITORING (ModMon) 

Neuse River Modeling and Monitoring: Stage II (50255 and 50257) Kenneth H. Reckhow, WRRI (Jan 1, 1999, to Dec 31, 
2ooo)-Funded by the N.C. General Assembly through the Department of Environment and Natural Resources 

Neuse River Modeling and Monitoring Project: Stage II: Monitoring (50261) Richard A. Leuttich, Hans W. Paerl, Marc J. 
Alperin, Christopher P. Buzzelli, Christopher S. Martens, Tammi Lee Richardson; UNC-CH Institute of Marine Sciences (May 
1,1999, to Dec 31, 2ooo)-Funded by the N.C. General Assembly through the Department of Environment and Natural Re
sources 

Neuse River Modeling and Monitoring Project Stage II: Additional Development of the Neuse Estuary Eutrophication 
Model for Prediction of Water Quality Improvement (50262) James D. Bowen, UNC-Charlotte (Jan 1, 1999, to Dec 31, 
2ooo)-Funded by the N.C. General Assembly through the Department of Environment and Natural Resources 

Neuse River Modeling and Monitoring Project Stage II: Benthic Fisheries Habitat (50263) Charles H. Peterson, UNC-CH 
Institute of Marine Sciences (May 1, 1999, to Dec 31, 2ooo)-Funded by the N.C. General Assembly through the Department of 
Environment and Natural Resources 

Neuse River Modeling and Monitoring Project Stage II: Fish Monitoring (50264) Larry B. Crowder, Duke University 
Marine Laboratory (May 1, 1999, to Dec 31, 2000)-Funded by the N.C. General Assembly through the Department of Envi
ronment and Natural Resources 

Neuse River Modeling and Monitoring Project Stage II: Denitrification and Sediment-Water Nutrient Exchange in the 
Upper Neuse River (50266) Stephen C. Whalen and Marc J. Alperin, UNC-Chapel Hill (Jull, 1999, to Dec 31, 2000)
Funded by WRRI 

Neuse River Modeling and Monitoring Project Stage II: Contribution to Long-Term Modeling Tier of the Neuse River 
and Estuary as Functional Assessment of Environmental Phenomena through Network Analysis (50267) Robert R. 
Christian, East Carolina University (Jul 1, 1999, to Dec 31, 2000)-Funded by the N.C. General Assembly through the Depart
ment of Environment and 'Natural Resources 

A Negotiated Approach to Developing TMDL's for Nitrogen in the Neuse Basin (50288) Lynn A. Maguire, Duke University 
(1uI20, 2000, to Dec 31, 2000)-Funded by the N.C. General Assembly through the Department of Environment and Natural 
Resources 

ModMon RELATED PROJECTS 

Establishing Spatial and Temporal Trends of Atmospheric Nitrogen Deposition in Eastern North Carolina: The Neuse 
River Basin and Estuary (50302) Hans W. Paerl, UNC-CH (July 21,2000 to June 30, 2001)-Funded by the N.C. Division of 
Air Quality 

Routine Quantification of Pfiesteria Piscicida in Water Samples from the Mesohaline Neuse Estuary (50285) JoAnn 
Burkholder and Howard Glasgow, N.C. State University (Feb 1,2000, to Sept 1, 2001)-Funded by the N.C. Department of 
Environment and Natural Resources and the Neuse River Foundation 
The investigators continue to use a fluorescent in situ hybridization molecular probe to quantify P. Piscicida in water samples 
taken throughout annual cycles in the mesohaline Neuse Estuary. This information will improve understanding of environmental 
controls on the growth and toxic activity of P. Piscicida. 

Measurement and Modeling of Ammonia/Ammonium Flux and Dry Deposition above Natural Surfaces in Eastern NC 
(50242) S. Pal Arya and Viney P. Aneja, N.C. State University (May 1, 1998, to Apr 30, 2001)-Funded by the N.C. Depart
ment of Environment and Natural Resources 
The investigators continue work to measure the rate at which ammonia is deposited onto significant land cover types in North 
Carolina and to parameterize these rates for use in atmospheric transport and deposition models. 
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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, and Fayetteville. 

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. 

New research 

How do lock and dam structures 
affect water quality in the Lower Cape Fear River? 
The Cape Fear River Basin is divided 
into upper and lower basins about seven 
miles upstream of Lillington. Flow is 
regulated in the lower Cape Fear by 
flood control and flow augmentation 
releases from the Jordan Reservoir. Flow 
is highly variable. Flow is further 
regulated in the lower reaches by three 
lock and dam structures. Lock and Dam 
#3 is located near Tarheel, Lock and 
Dam #2 i~ near Elizabethtown, and Lock 
and Dam #1 is near Kelly (see map page 
12). 

As the river flows south from 
Fayetteville, the terrain changes from 
rolling to relatively flat. Consequently 

the river becomes stagnant and thermally 
stratified during period of low flow. 
Monthly data collected by the N.C. 
Division of Water Quality (DWQ) at 
each lock and dam shows a steady 
dissolved oxygen drop with each 
downstream station. Total nitrogen to 
total phosphorous averages 4:1, and 
nuisance algal blooms have not been 
detected. 

To manage water quality in the 
Lower Cape Fear, DWQ uses a one
dimensional steady-state water quality 
model called QUAL-2E. However, this 
model does not account for increased 
water residence time and biological 

processing of nutrients behind each lock 
and dam. This research project has been 
initiated to determine the influence of 
the lock and dam system on water 
quality in the Lower Cape Fear River 
and to provide accurate information for 
the DWQ model. 

The objectives of the project are: 

• Assess the impact of the lock and dam 
structures on water quality over time 
in the Cape Fear River Basin. 

• Quantify the magnitUde and spatial 
extent of any impacts found. 

• Identify the magnitude of change in 
water quality in the Cape Fear River 
Basin. 

continued next page 
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Lower Cape Fear River 

• Provide data to help refine water 
quality models for the Cape Fear 
River Basin. 

Three researcher will collaborate 
to accomplish these objectives. 

Stephen Whalen of UNC-Chapel 
Hill will collect water quality informa
tion and conduct nutrient bioassays 
during an annual cycle. This information 
will help establish a baseline of informa
tion about the physical, chemical and 
biological characteristics above and 
below the lock and dam system. 

Curtis Richardson of Duke 
University will collect information to 
determine the rate of storage of nutrients 
and metals in sediments behind each 
lock and dam. Cores will be taken to 
determine sediment buildup rates and 
nutrient concentrations. Water quality at 
the sites will also be monitored through
out the study period. 

Donald Francisco of UNC-Chapel 
Hill will analyze routine monitoring data 
being collected by a consultant for the 
Middle Cape Fear Basin Association and 
data collected by Whalen and 
Richardson. He will also help develop a 
supplemental sampling program for 
biological oxygen demand or total 
organic carbon. 

The Influence of Lock and Dam Struc
tures on Water Quality in the Lower 
Cape Fear River (50282) A Proposal to 
Assess Present and Historical Water 
Quality on the Cape Fear River: Effects 
of Lock and Dam Structures (50283) 
Analysis of Stream Data from the Middle 
Cape Fear River (50284) 
Stephen Whalen, UNC-Chapel Hill; 
Curtis Richardson, Duke University, 
Donald Francisco, UNC-Chapel Hill. 
(Sept 1, 1999 to Aug 31, 2001) 
Funded by the Cape Fear River Associa
tion through the Public Works Commis
sion, City of Fayetteville, NC 

How do you identify 
an intermittent 
stream? 

When it rains, overland runoff may 
concentrate in a channel and produce a 
stream where one would not otherwise 
exist-an ephemeral stream. When dry 

weather reduces groundwater discharge, 
a stream that runs a good part of the year 
may dry up-an intermittent stream. 

At a time when these two types of 
streams are both dry, how do you tell the 
difference? 

Moreover, how do you distinguish 
between an intermittent stream and one 
that flows most of the time-a perennial 
stream-when both are flowing? 

These are more than academic 
questions. 

Some North Carolina regulations 
require vegetative buffers along peren
nial streams (the Water Supply Water
shed rules, for instance). Some regula
tions require riparian buffers along both 
intermittent and perennial streams (the 
Neuse River and Tar-Pamlico River 
buffer rules). Unfortunately, localities 
responsible for implementing these rules 
have discovered that maps produced by 
the U.S. Geological Survey do not 
always identify streams, accurately. 

The City of Greensboro imple
ments buffer rules within its own water 
supply 'watersheds and will implement 
special buffer rules within the 
Randleman Reservoir watershed. 
Moreover, it is expected that the N.C. 
Environmental Management Commis
sion will adopt riparian buffer rules for 
the Cape Fear Basin that are similar to 
those adopted for the Neuse and Tar
Pamlico. Therefore, the City of Greens
boro has initiated a project in coopera
tion with the State of North Carolina to 
identify and map intermittent and 
perennial streams within its watersheds. 

The N.C. Division of Water 
Quality has developed a useful and 
consistent method for identifying 
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Can a storm water treatment wetland 
help clean up South Buffalo Creek? 

The headwaters of South Buffalo 
Creek drain the densely urbanized 
southern section of Greensboro, includ
ing a major section of Interstate 40. The 
current N.C. 303D list identifies a major 
section of South Buffalo Creek as 
impaired waters targeted for TMDL 
development. The Cape Fear Basinwide 
Water Quality Management Plan lists 
that stream reach as one of the most 
polluted in North Carolina. Sediment is 
identified as a major problem in South 
Buffalo Creek. 

Intermittent stream continued 

intermittent streams in Piedmont North 
Carolina. However, studies by the 
investigator on this project-in collabo
ration with DWQ-have revealed that 
the DWQ method is not reliable and 
consistent in determining the origin of 
perennial streams, whether that origin is 
the first-order stream origin or a transi
tion from intermittent to perennial 
character along a stream. 

In this project the investigator will 
work with a consultant, DWQ staff, and 
City of Greensboro staff in completing 
the city's Stream Identification and 
Mapping Project. He will assist in 
developing specifications for intermittent 
and perennial stream determinations and 
will work with the consultant's staff in 
the field during the planning phase of the 
project to ensure consistency of stream 
identification and location in accordance 
with DWQ guidance. He will also serve 
as quality control advisor to the city on 
the consultant's projects. This will 
involve visiting a sample of mapped 
intermittent and perennial stream 
initiation points to verify appropriate 
application of delineation protocols and 
reviewing the consultant's maps and 
reports. 

The City of Greensboro's Stream 
Identification and Mapping Project is the 
first large-scale stream identification and 

In an effort to improve water 
quality in South Buffalo Creek, the City 
of Greensboro plans to construct a 
regional storm water treatment wetland 
on the forested flood plain of the creek 
within the city. By constructing a 
shallow dike across the flood plain and a 
water control structure in the creek south 
of the 1-40 crossing, the city hopes to 
expand the area of wetland in the 
floodplain and increase pollutant 
removal capacity. The first flush of 

Stream classifications 

Ephemeral: Flows only during storms 
and mayor may not have a well
defined channel. 

Intermittent: Flows only during wet 
periods (30 to gook of the time) and 
flows in a continuous well-defined 
channel. 

Perennial: Flows more than 90% of 
the time. 

mapping project to be undertaken by a 
local government for regulatory pur
poses. To allow agencies, local govern
ment, and the public to benefit from the 
lessons learned in this project, the 
investigator will collaborate with the 
consultant, the City of Greensboro, and 
DWQ to present a workshop. He will 
also prepare a report on the project. 

Development of Stream Identification 
Methodology, Greensboro, NC (50294) 
James D. Gregory, N.C. State University 
(Jun 1, 2000 to Dec 30, 2001) 
Funded by the City of Greensboro 

rainfall runoff from the 13-square-mile 
watershed above the 20-acre wetland 
will be routed through and detained in 
the wetland. A forebay in the stream at 
the input end of the treatment wetland 
will trap coarse sediment. The control 
structure will be opened after a period of 
less than 48 hours to slowly release the 
detained storm water. 

To document the effects of the 
storm water treatment wetland on water 
quality and aquatic habitat in South 
Buffalo Creek, the City of Greensboro 
has funded a study of before/after and 
upstream/downstream comparisons of 
ecosystem functions. The investigator on 
this study will collect data during a pre
construction period to characterize the 
stream corridor and provide benchmarks 
for comparison after the detention 
structure is constructed. Monitoring of 
water quality, rainfall, water table level 
in the flood plains and other indicators 
will continue during construction to 
determine the effects of the construction 
process on the corridor. Ecosystem 
functions will be measured for at least 
two years after construction is complete 
to determine the immediate effects of the 
proposed system. A long-term monitor
ing plan will be implemented that can be 
continued by city staff. Assessment of 
hydrologic and vegetation community 
functions of the floodplain wetland will 
be conducted. Assessment of the 
performance of the floodplain wetland 
storm water BMP will be conducted in 
accordance with EPA protocols. 
Functional Capacity Assessment of a 
Flood Plain Storm Water Treatment 
Wetland, Greensboro, North Carolina 
(50293) 
James D. Gregory, N.C. State University 
(Jun 1, 2000 to Dec 31, 2002) 
Funded by the City of Greensboro 
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URBAN WATER CONSORTIUM 
CONTINUING RESEARCH 

Optimization of Treatment to Mitigate Impacts of Algae and Algae Control on Finished Water Quality (50215) Detlef 
Knappe and JoAnn Burkholder, N.C. State University (Dec 1, 1996, to Mar 15, 2001)-Funding also provided by the American 
Water Works Research Foundation 
The investigators continue their efforts to find the best ways to treat-for drinking water purposes-raw water that contains 
algae, to determine what can be done to control algae in reservoirs, and to determine whether toxic forms of algae could 
threaten water supplies in Piedmont North Carolina. 

Analysis of the Occurrence of Nitrification and Other Regrowth Problems in the Raleigh Distribution System (50272) 
Francis A. DiGiano and Donald E. Francisco, UNC-Chapel Hill (Aug 1, 1999, to Sept 30, 2ooo)-Funded by the City of 
Raleigh 
The investigators continue efforts to identify locations in the City of Raleigh water distribution system where nitrification may 
be taking place and assisting city staff in implementing a hydraulic model of the distribution system and evaluating the model's 
performance in predicting water quality in the distribution system. 

Cost Effectiveness Analysis of Structural Storm Water Best Management Practices in N.C. (50260) William Hunt and 
Grada Wossink, N.C. State University (Sept 1, 1999, to Nov 30, 2ooo)-Funded by the Urban Water Consortium Storm Water 
Group 
The investigators continue assessing cost effectiveness of a full range of individual storm water best management practices
from small, site-specific BMPs to large, regional BMPs-as well as systems integrating various BMPs. 

Optimization of Wet Detention Ponds for Phosphorus and Nitrogen Removal (50243) Robert C. Borden, N.C. State 
University (Sept 1, 1998, to Oct 31, 2000) 
The investigator continues his research to identify the major design parameters controlling nutrient removal in wet detention 
ponds and to develop reliable, cost-effective modifications to existing designs to enhance removal. 

Comparison of Performance and Operations and Maintenance Costs for Three Biological Nutrient Removal Schemes at 
a Full-scale Wastewater Treatment Plant (50244) Duke University, UNC-Charlotte (Aug 15, 1999, to Nov 30, 2000) 
The investigator continues to assess costs and performance of various nutrient-removal configurations at the Charlotte
Mecklenburg Utility Department's McDowell Creek wastewater treatment plant. 

Evaluation of Pesticide Residue Levels in Various Watersheds (50273, 50277, 50278, 50270) Robert E. Holman, WRRI, 
an~ Ross B. Leidy, N.C. State University (JuII, 1999, to various end dates) 
The investigators continue sampling for the pesticide atrazine in the water supply watersheds of High Point, Greensboro, and 
Burlington. 

UWC Reports in Preparation 

An Erosion and Sedimentation Study of Lake Jeanette and the Lake Jeanette Watershed, Greensboro, NC-Craig A. Stow, Duke 
University 



STUDENT 
INTERNSHIPS 

WRRI coordinates internship pro
grams which provide college students 
opportunities to work with the 
following government agencies to 
gain practical experience 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 techni
cal 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 2000 - 2001. 

Erosion and Sedimentation Control 
Design Seminar, Sept 14-15,2000, 
Hickory; with N.C. Sedimentation 
Control Commission and N. C. Land 
Quality Section 

Luncheon and Forum on Land Use 
and Watershed Planning, Sept 18, 
2000, McKimmon Center, Raleigh; with 
the N. C. Water Resources Association 

Erosion and Sedimentation Control 
Design Seminar, Oct 24-25,2000, New 
Bern; with N. C. Sedimentation Control 
Commission and N. C. Land Quality 
Section 

Luncheon and Forum on Endocrine 
Disrupters in the Environment, Dec 4, 
2000, McKimmon Center, Raleigh; with 
the N. C. Water Resources Association 

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 has also established a World Wide Web page and is 
currently working to expand this aspect of its information and technology dissemi
nation. 

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 may be 
obtained by calling the Institute office. Summaries of more than 100 WRRI technical 
reports are also available on the Institute's website at http://www2.ncsu.edu/ncsu/ 
CIUWRRllreports/index.html. During the past year the following peer-reviewed 
technical completion reports were published: 

WRRI-323 Development of an Environmental WRRI-326 Bacterial Regrowth in Drinking Water 
Decision Support System (EDSS) for Comparing Distribution Systems: A Comparison of Durham 
Drinking Water Treatment Practices and and Raleigh, F. A. DiGiano, et al. 
Associated Health Risks, D. J. Crawford-Brown 
and S. Marquez-Nyarko 

WRRI-324 Anaerobic Biodegration in Contami
nated Aquifers: Influence of Protozoan Predation 

WRRI-327 The History of Water Quality in North 
Carolina Estuarine Waters as Documented in the 
Stratigraphic Record, S. Cooper 

and Iron Bioavailability, S. Kota and R.C. Borden WRRI-328 Geochemical Tracers of Groundwater 

WRRI-325-C Neuse River Estuary Modeling and 
Monitoring Project Stage 1: Effects of Water 
Quality on Distribution and Composition of the 
Fish Community, L. Eby, L. Crowder, & C. 
McClellan 

WRRI-325-G Neuse River Estuary Modeling and 
Monitoring Project Stage 1: Assessment of 
Stakeholder Interests and Concerns to Inform 
Long-Term Modeling, K.A. Maloney, L. A. 
Maguire & E. A. Lind 

Movement Between the Castle Hayne and 
Associated Coastal Plain Aquifers, T. L. Woods, et 
al. 

SRS-20 A Study of Nitrate Movement to Ground 
Water at the Neuse River Waste Water Treatment 
Plant, C. W. Welby 

SRS-21 Preliminary Investigation on Anaerobic 
Biodegradation of Benzene in Contaminated 
Aquifer Sediments, M. J. Hunt & M.A. Barlaz 

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 regula
tory activities to new research findings and listings of water-related publications. 
The WRRI NEWS is available free of charge to residents of North Carolina. To be 
added to the mailing list, call or write WRRI. 

The Institute also produces a 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.edulncsulCIUWRRI) 
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 expertise directory; informa
tion 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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2000 - 2001 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. 
For additional information contact Associate 
Director Robert Holman at (919) 515-2815 
or Robert_Holman @ncsu.edu. 

Tuesday, September 26, 2000, Archdale 
Development of a Probability Network 
Approach for the Neuse River Estuary 

PhD Candidate Mark Borsuk 
Nicholas School of the Environment 

Duke University 

Tuesday, October 31, 2000, Jordan 
The Cost of Watershed Management Policies 

Professor David Moreau 
Department of City and Regional Planning, 

UNC-Chapel Hill 

Monday, November 20, 2000, Archdale 

Quantification of Pfiesteria Species 
Associate Professor JoAnn Burkholder 

Department of Botany 
N.C. State University 

Tuesday, January 30, 2001, Jordan 
Assessment of the North Carolina 

Water Reuse Regulations 
Assistant Professor Helen Hilger 
Department of Civil Engineering 

UNC-Charlotte 

Tuesday, February 27, 2001, Archdale 
Effectiveness of Multiple Best Management 

Practices in Agriculture 
Professor Carlyle Franklin 

Department of Forestry 
N.C. State University 

Tuesday, March 27, 2001, Jordan 
Assessment of Changing Land-use Practices 

on Basin Sediment Yields 
Professor Jerry Miller 

Department of Geosciences 
Western Carolina 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, North Carolina 

State University 
Robert Borden, Department of Civil Engineering, North Carolina State University 
James D. Bowen, Department of Engineering Technology, University of North Carolina at 

Charlotte 
Mark Brinson, Department of Biology, East Carolina University 
Russell Christman, Department of Environmental Sciences & Engineering, UNC-Chapel Hill 
B.J. Copeland, Department of Zoology, North Carolina State University 
James E. Easley, Department of Agriculture and Resource Economics, North Carolina State 

University 
Ronald G. Hodson, Director, Sea Grant College Program of The University of North Carolina 
Robert E. Holman, Associate Director, Water Resources Research Institute 
Gregory D. Jennings, Department of Biological and Agricultural Engineering, North Carolina 

State University 
Zbigniew Kabala, Department of Civil Engineering, Duke University 
Donald I Lauria, Department of Environmental Sciences and Engineering, UNC-Chapel Hill 
Russ Lea, Interim Assoc. Vice President for Research, UNC General Administration 
James Merritt, Director, Center for Marine Science Research, UNC-Wilmington 
Jerry Miller, Department of Geosciences & Natural Resource Management, Western 

Carolina University 
Hans Paerl, Institute of Marine Sciences, UNC-Chapel Hill 
Stanley Riggs, Department of Geology, East Carolina University 

Tuesday, April 24, 2001, Archdale 
A Comparative Analysis of Compact and 

Low-Density Development 
Associate Professor Philip Berke 

Department of City and Regional Planning, 
UNC-Chapel Hill 

Tuesday, May 22, 2001, Jordan 
Technical and Economic Evaluation of 
Alternative Animal Waste Management 

Professor Michael Overcash 
Department of Chemical Engineering 

N.C. State University 

UPCOMING 
WORKSHOPS AND 

CONFERENCES 
continued 

Erosion and Sedimentation Control 
Design Seminar, Feb 20-21,2001, 
Greenville, with N. C. Sedimentation 
Control Commission and N. C. Land 
Quality Section 

Luncheon and Forum on Water Reuse, 
Feb 5, 2001, McKimmon Center, 
Raleigh; with the N.C. Water Resources 
Association 

Erosion and Sedimentation Control 
Design Seminar, Mar 13-14, 2001, 
Hickory, with N. C. Sedimentation 
Control Commission and N. C. Land 
Quality Section 

Annual North Carolina Water Re
sources Research Conference, Mar 29, 
2001, McKimmon Center, Raleigh 

Luncheon and Forum on Dam Remov
als in North Carolina, April 9, 2001, 
McKimmon Center, Raleigh: with the 
N. C. Water Resources Association 

Luncheon and Forum on On-Site 
Wastewater Issues, Sept 17,2001, 
McKimmon Center, Raleigh; with the 
N. C. Water Resources Association 

Luncheon and Forum on Flood Plain 
Management, Dec 3, 2001, McKimmon 
Center, Raleigh; with the N. C. Water 
Resources Association 


