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Neuse ModMon project offers insight into 
biochemical processes in sluggish estuary 
A year ago scientists at four N. C. universities 
undertook an effort to quickly provide a better 
scientific basis for making management 
decisions in the Neuse River Basin. By 
December 31, 1998, this team will provide to 
State regulators important new data about the 
estuary, an estuarine response model to help 
predict effects of a 30 percent nitrogen 
reduction, and a framework for developing 
tools to manage the entire Neuse River Basin. 

While UNC-Charlotte water quality 
modeler Jim Bowen completes calibration of a 
model that simulates biochemical and hydro
logic processes in 59 segments representing 
the Neuse Estuary, scientists at the Duke and 
UNC-Chapel Hill marine labs wind down a 
year of intensive monitoring and data analysis. 
The team has made some important discover
ies, which, linked to existing knowledge, 
provide insight into what goes on in the 
shallow, dark waters below New Bern. 

Sampling and mapping of bottom 
sediments in the estuary has produced some of 
the most interesting insights. Sediments rich in 
organic carbon and nitrogen have built up in 
the deeper areas of the estuary. These sedi
ments are a vast nitrogen reservoir, which, if 
released through remineralization, could raise 
water column concentrations dramatically. 

Network analyses of nitrogen cycling by 
Robert Christian of East Carolina University 
has shown that algae growth in the estuary 
takes up much more nitrogen than is supplied 
by loadings from outside the estuary. Nitrogen 
cycled through sediments in the estuary 
provide from 71 % to 85% of that taken up by 
algae in the summer and from 5% to 32% of 
that taken up in the winter. 

Stable carbon isotopic analysis of 
sediments suggests that organic matter 
produced by algae blooms is retained in the 
area between New Bern and Cherry Point. 
Oxygen demand from decomposing organic 
matter in sediments is very high and is capable 

of depleting oxygen in the bottom 1 meter of 
the water column in about 10 days when the 
river is stratified and there is no mixing of the 
water column. 

Effects on fish and shellfish of one 
prolonged period of stratification and oxygen 
depletion were observed. Fishery organisms 
and their prey were sampled on 24 oyster reefs 
of 1 meter and 2 meters in height placed in 3-
meter and 6-meter deep water. Where oysters 
and other sedentary species were exposed to 
low dissolved oxygen in deep water, mass 
mortality was observed. Blue crabs and fishes 
on reefs in deeper water moved to the very 
tops of the reefs or moved to reefs in shallow, 
oxygenated waters, overcrowding useable 
habitat and drastically reducing prey species 
in these areas. Duke researcher Larry Crowder 
estimates that hypoxic/anoxic instances such 
as this can reduce bottom habitat in the estuary 
by 30% to 50% on a temporary basis, stressing 
fish and making them more vulnerable to 
diseases. 

While it will not be possible to put all 
the new monitoring data into the estuarine 
model now being calibrated, the new knowl
edge will be helpful in verifying the estuarine 
model predictions and in constructing future 
models. 

Neuse River Modeling and Monitoring (50219, 
50220,50221,50222,50223,50224,50225) 
Kenneth H. Reckhow, WRRI & Duke Univ; 
James D. Bowen, UNC-Charlotte; Craig A. Stow, 
Duke Univ; Robert R. Christian, East Carolina 
Univ; Richard A. Luettich, Jr, Hunter S. 
Lenihan, Jesse McNinch, Hans W. Paerl, C.H. 
Peterson, James L. Pinckney, John T. Wells; 
UNC-CH Institute of Marine Sciences; Larry B. 
Crowder, Duke Marine Lab; Marc J. Alperin, 
Christopher S. Martens and Daniel B. Albert, 
UNC-Chapel Hill Curriculum in Marine Sciences. 
April 1, 1997, to December 31, 1998 
Funded by the N.C. Department of Environment 
and Natural Resources 
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David Knight, Attorney, Lobbyist, and Consultant 
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William J. McCabe, Design Engineering Department, Duke Energy Corporation 
Jessica G. Miles, Chief, Public Water Supply Section, Division of Environmental Health, N.C. DENR 
Jeffery V Morse, N.C. Environmental Management Commission 
Edmund P. Regan, Fiscal Analyst, N.C. Association of County Commissioners 
A. Terry Rolan, Director, Department of Water Resources, City of Durham 
Joseph Rudek, Senior Scientist, N.C. Environmental Defense Fund 
Gerald L. Ryan, District Chief, Geological Survey, U.S. Department of Interior 
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1998-99 INSTITUTE 
RESEARCH PRIORITIES 

Priorities established by the WRRI Advisory 

Committee for the current year reflect an effort to 

focus research in areas of key scientific uncer

tainty to produce knowledge useful for manage

ment decision making: 

• Evaluation of the effectiveness of agricultural 
BMPs in removing pesticides and herbicides as 

well as sediment and nutrients. 

• Practical alternatives to current methods of 
animal waste and carcass disposal, including use 

of anaerobic digesters to produce methane gas 

and nitrogen fertilizer. 

• Evaluation of primary sources (point, nonpoint, 
groundwater) of in-stream nutrient loads in the 

Neuse using flow-concentration relationships. 

• Effectiveness of watershed management on 
water quality in water supply streams and 

reservoirs and allowable reduction in water 

supply treatment when these source water 

protection measures are taken. 

• Historical trends in nutrients, pollution control, 
and population growth in North Carolina since 

the 1950s to identify water quality trends and 

relationships as a tool for determining cause and 

effect for problems of today. 

• Evaluation of nonpoint source management 
policies and implementation, including 

strategies for basinwide reduction of sediment in 
targeted waterways. 

• New ways of controlling sediment from 
construction activities. 

• Improved technology for removal of nitrogen 
and phosphorus from wastewater, including 
determining the benefits and costs of various 

control methods. 

• Evaluation of the effectiveness of best 
management practices for urban storm water 

management, including the effects on nitrogen 

reduction and allowable credits for municipal 

nitrogen reduction targets. 

• Impact of groundwater discharge on estuarine 
water quality and determination of relative 

contribution of nutrients from groundwater and 

sediments. 

• Evaluation of the effect of land use on 
groundwater quality, particularly as related to 

drinking water supplies, including pollution by 

pesticides and nitrates. 



ECU investigator will study nutrient 
loading and water quality trends in Neuse 
and Tar-Pamlico Estuaries 

Building on his earlier work, East 
Carolina University Associate Professor 
Don Stanley has begun a study to assess 
trophic status changes in the Tar-Pamlico 
and Neuse River estuaries during the 
period 1950-1998. 

According to Stanley, because of 
algal blooms, incidences of low dissolved 
oxygen, and fish kills, citizens, elected 
officials, and scientists believe that the 
estuaries are more eutrophic (nutrient 
enriched) now than they were years or 
decades ago. However, he points out, 
previous studies do not provide strong 
support for the hypothesis. Published 
studies of statistical trend analyses of 
nutrient concentrations in the Tar
Pamlico and Neuse River estuaries and 
their tributaries have, for the most part, 
shown no trends or decreasing trends. 
Results of studies of low dissolved 
oxygen and chlorophyll a in various 
zones of the two systems have been 
mixed, but none showed increases in the 
lower estuaries. 

Because there are significant 
contradictions between results of 
previous studies-done 5 to 10 years 
ago-and perceptions of the trophic 

status of the estuaries, says 

. '. 

Stanley, new analyses using more recent 
data are needed. Perhaps there have been 
recent changes in the estuaries, and if 
there have been, scientists and water 
quality managers need to know. 

Over the next year, Stanley will 
assemble data and perform statistical 
trend analyses and other analyses to 
determine whether changes have taken 
place in the estuaries for the period 
1950-1998 based on three measures: 
(1) watershed nutrient production, 
(2) nutrient loading to the estuaries, and 
(3) riverine and estuarine water quality. 

To update nutrient production 
trend analyses for the Tar-Pamlico and 
Neuse basins, Stanley will collect up-to
date data on point source discharges, 
atmospheric deposition, net input from 
major crop types, and nutrients in farm 
animal wastes. He will present the trends 
on a county-by-county basis, using 
graphical techniques, and will quantify 
uncertainties in production estimates. 

To estimate annual nutrient 
loadings (the quantity of nutrients 
produced in a basin that reaches the 
estuary), Stanley will use recently 
developed and improved methodologies 
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for calculating loadings based on 
instream measurements of streamflow 
and nutrient concentration, along with 
updated data. While data limitations and 
methodological problems make nutrient 
loading less powerful for assessing trends 
than nutrient production and water 
quality, computing annual loading rates 
can provide important information about 
geographical variations in nutrient yields. 
Nutrient yield information can be 
combined with information on land use 
and nutrient production to provide 
insight about relationships between 
nutrient production and loading. Simi
larly, having more loading measurements 
might help illuminate relationships 
between nutrient loading and estuarine 
concentrations. 

To update water quality trend 
analyses for the Tar-Pamlico and Neuse 
estuaries, Stanley will incorporate older 
data on temperature, salinity, surface and 
bottom water dissolved oxygen, phos
phorus, nitrogen and chlorophyll a not 
used in previous studies and data 
gathered since 1989, the cutoff date for 
the most recent trend analyses for both 
estuaries. The seasonal Kendall-tau test 
will be used to analyze the water quality 
data for monotonic (one direction) trends 
over time. 

The results of Stanley'S work will 
provide other water quality investigators 
better information upon which to 
formulate and test hypotheses about 
eutrophication and will provide legisla
tors and regulatory agencies better 
information upon which to base decisions 
about implementation of nutrient 
reduction strategies. 

Historical Trends in Watershed Nutrient 

Production, Nutrient Loading, and Water 

Quality in the Neuse and Tar-Pamlico River 

Estuaries (70167) 

Donald W. Stanley (stanleyd@mail. 
ecu.edu), Institute for Coastal and Marine 

Resources/Biology Department, East 

Carolina University 

June 1, 1998, to August 31, 1999 

Funded by WRRI and the U.S. Geological 

Survey 
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U Sing the Neuse as a model, Duke scientists 
will investigate how citizens can work with 
scientists to set objectives and select tools for 
basinwide water quality management 

Following years of algal blooms and fish 
kills and discovery of the toxic dino
flagellate Pfiesteria piscicida in the 
Neuse River, the N.C. General Assembly 
and the N.C. Environmental Management 
Commission approved management 
actions aimed at reducing nitrogen 
loading to the Neuse Estuary by 30 
percent. The management goal of a 30-
percent reduction was based on a broad 
scientific agreement that reducing 
nitrogen loadings to this level would 
"produce a detectable improvement 
within five years after loading reduction 
to that level has been achieved." How
ever, aside from this broad goal, no 
measurable objectives for water quality 
management in the Neuse have been set. 
Adoption of the reduction goal was, in 
part, a response to public outcry, and one 
piece of recent legislation mandates 
stakeholder involvement in development 
of a "nutrient response" model. However, 
there is currently no agreed-upon process 
by which private citizens with a stake in 
the health of the Neuse can participate 
with university and state scientists in 
choosing and developing long-term 
management objectives and technical 
tools such as water quality models. 

Since it will be up to stakeholders 
to sustain support for management efforts 
in the face of growth and development 

pressures, it is critical that stakeholders 

determine the objectives and have 
confidence that the management tools 
and measures selected will accomplish 
the objectives. In this project, researchers 
at Duke University will work as part of 
the multi-institutional research team 
carrying out the Neuse River Modeling 
and Monitoring (ModMon) Project to 
create a process for successfully integrat
ing stakeholders into water quality 
management and technical decision 

making. 

The researchers will conduct 
surveys, interviews, and group meetings 
with a broad range of stakeholders to 
learn what results they want from water 
quality management efforts in the Neuse 
and what they will observe to tell whether 
these results are being achieved. These 
descriptions of desired results and criteria 
for assessing success will guide develop
ment of water quality models. 

As scientists and stakeholders begin 
to work together to determine objectives 
and develop a long-term model for 
managing water quality in the Neuse 
River Basin, the researchers will provide 
facilitation for working sessions and will 
seek to identify the best process whereby 
scientists can learn from stakeholders' 
"traditional knowledge" about the river 
and stakeholders can learn from scientists 
about relevant technical matters. 
Throughout the model development 
process, the researchers will continue to 
conduct surveys and interviews in order to 
track stakeholder satisfaction with both 
substantive and procedural matters. 

The outcome of the project is 
intended to be a tested process for 
stakeholder participation that satisfies 
social justice concerns, promotes collabo
rative learning, and incorporates tradi
tional environmental knowledge. The 

process should be valuable for forming 
alliances between university and state 
scientists and stakeholders not only for 
the Neuse River Basin but for watersheds 

across the state. 

Stakeholders Role in Developing a Neuse 

River Water Quality Model (S0237) 

Lynn A. Maguire Omaguire @duke.edu), 
Nicholas School of the Environment, and E. 
Allan Lind, Fuqua School of Business, Duke 

University 

May 1, 1998, to October 31, 1998 

Funded by N.C. Department of Environment 

and Natural Resources 

USGS Section 104(g) 
Regional Grants 

In the 1996 Water Resources Research 
Act reauthorization, Congress authorized 
$3 million each year from 1996 through 
2000 for research on "water problems of 
interstate nature;' and provided that 
grants made to Water Resources 
Research Institutes by the U.S. Geologi
cal Survey under the act must be 
matched on at least a two-to-one basis 
by non-federal funds. 

Funds appropriated for these 
"Section 1 04(g)" research grants are 
distributed through a program of regional 
competition. In 1996, four projects 
involving North Carolina researchers won 
Section 1 04(g) funding in this regional 
competition. In 1997, two N.C. projects 
were awarded Section 104(g) grants. 

For 1998-99, two multi-investigator 
proposals from N.C. scientists won 
matching grants in the USGS regional 
competition: 

• A proposal by Stephen C. Whalen and 
Mark D. Sobsey of UNC-Chapel Hill 
(see Continuing Research on page 8) 
to continue their studies of the fate of 
various nitrogen compounds in the 
conventional swine waste lagoonlland 
application management system and of 
the effectiveness of this waste 
management system in reducing 
human pathogens in animal waste. 

• A proposal combining the work of 
Hans Paerl and James L. Pinckney of 
UNC-Chapel Hill (see Continuing 
Research on page 8), Donald Stanley 
of East Carolina University (see page 
3), and Sherri Cooper of Duke 
University (see Continuing Research 
on page 9). These projects will help fill 
data gaps on the relationship between 
historical hydrodynamic conditions, 
nutrient loading/concentrations, and 
phytoplankton community composition 
and responses as well as the role of 
microbially mediated denitrification in 
nitrogen cycling in the Neuse River 
Estuary. 
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NCSU scientists begin work on final piece 
of atmospheric ammonia puzzle 
The Neuse River Nutrient Sensitive 
Waters Management Strategy mandates a 
30% reduction in nitrogen loadings to the 
Neuse Estuary and targets wastewater 
treatment plant discharges and runoff 
from agricultural fields and urban areas. 
The plan requires nutrient management 
plans for all those who apply large 
amounts of fertilizer and even suggests 
that homeowners in the Neuse Basin 
should educate themselves about the 
effects of their lawn fertilizers. However, 
neither the Neuse plan nor the plan to 
reduce nutrients in the Tar-Pamlico 
Estuary includes any management 
strategy for what may be the predominant 
source of biologically available nitrogen 
in both basins-atmospheric ammonia. 

Recent monitoring studies have 
suggested that deposition of atmospheric 
nitrogen is significant in the Neuse and 
other coastal rivers. Other studies, 
conducted principally in Europe, have 
documented large ammonia emissions 
from animal operations, particularly 
swine operations, and there has been 
speCUlation that animal operations in the 
Coastal Plain are contributing large 
amounts of nitrogen in the form of 
atmospheric ammonia to coastal waters. 
However, there has been no effort to 
develop a strategy to manage atmo
spheric ammonia, because, until recently, 
there was little solid evidence about the 
amount being emitted into the atmo
sphere in eastern North Carolina, where 
it is falling to earth, and how much of it 
is deposited. Three years ago the N.C. 
General Assembly appropriated funds for 
research on the issue. 

In 1996, atmospheric scientists at 
N.C. State University and State scientists 
with the Division of Air Quality (of the 
Department of Environment and Natural 
Resources) launched a research program 
designed to document what kinds of 
nitrogen compounds and how much of 
each are emitted from animal operations 
into the atmosphere and to find where 
they end up. 

Investigators devoted the first year 
of that project to studying where and how 

emissions occur at a "typical" swine 
operation and to testing emissions 
measurement technologies. They then 
conducted intense sampling at private 
cooperator swine facilities to learn how 
emissions change between day and night, 
how they vary from season to season, 
and how they vary among types of 
operations. 

As that project continues investiga
tors are inventorying sources of ammonia 
in a geographic information system and 
beginning the effort to "parameterize" 

ammonia emissions-that is, turn what 
they have learned about ammonia 
emissions into mathematical and chemi
cal expressions that can be entered into 
large atmospheric transport and deposi
tion models. Existing air quality models 
have been developed largely to measure 
and track pollutants from industrial 
sources and vehicles. That means that 
existing models can account for oxidized 
forms of nitrogen (No) but not "re-

continued on page 8 

Preliminary estimates of relative contributions 
of sources of atmospheric nitrogen in North Carolina 

Using monitoring data from industries, wastewater treatment plants, vehicles and other combustion 

sources, and row crop agriculture along with estimates based on data from European studies of 

animal operations, scientists have estimated the relative contributions of various sources to total 

atmospheric nitrogen emissions in North Carolina. Because of differences in climate and manage

ment practices, data from European animal operations are not considered to be directly transfer

rable to North Carolina. Research now underway by NCSU and State scientists will allow more 

accurate calculations of the amounts of atmospheric nitrogen contributed by animal operations and 

the amounts from each source that remain within the state. "Point sources" are stationary sources, 

such as industries and wastewater treatment plants. "Biogenic NOx" is oxidized forms of nitrogen 

emitted by soil, plants, and animals. Emissions from animal operations are primarily ammonia (NH3). 

Fertil~er ~plication ~H3) 
2.5% 

Catt~ (NH3) 7.5~%=;;illm 

B~genic NOx 3D% Area & Nonroad Mobile 
~O~23.6% 

Highway Mobile (NOx) 
23.7%) 

AI Point &lurces ~Ox & 
NH3) 24.1% 
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NCSU scientists will evaluate the 
effectiveness of landscaped riparian buffers 
in reducing nonpoint source pollution, 
including pesticides 
Nonpoint source pollution from agricul
tural sources has been identified as a 
major contributor to water quality 
problems in North Carolina. Rains can 
wash sediment, nutrients, and pesticides 
from agricultural areas directly into 
streams or into ditches that flow directly 
to surface waters. 

Grassed and forested buffers along 
streams have been shown to be effective 
in removing pollutants from agricultural 
runoff flowing through them. From 50% 
to 80% of sediment and nitrogen in 
agricultural runoff can be removed by 
riparian forest buffers. However, there 
are important gaps in our know ledge of 
what we can expect from riparian buffers 
and how buffer design can be tailored for 
various applications. 

For one thing, forested buffers may 
not be desirable or appropriate for some 
locations. Trees in buffers between 
streams and fields could shade crops and 
reduce yields. In some urban areas, such 
as golf courses, parks or schools, 
forested buffers could claim too much 
space or interfere with recreational use. 
Is it possible that in such areas, low
growing, woody plants might provide the 
deeper rooting system needed to enhance 
denitrification and therefore, remove 
nitrogen? To help answer that question, 
investigators on this project will examine 
the effectiveness of low-growing, low
maintenance landscape plants in reducing 
nonpoint source pollution. 

Another important gap in knowl
edge about buffers is their effectiveness 
in removing pesticides from runoff. The 
question of pesticide removal by buffers 
will also be addressed by this project. 

Investigation of the effectiveness of 
landscaped buffers will be carried out at 
the NCSU Horticultural Crops Research 
Station in Clinton. At this Coastal Plain 
research station, drainage from a one
hectare area will be directed over a slope 
planted with two groundcover treatments. 

One treatment will be 10 meters of grass, 
mowed infrequently to discourage weed 
competition. The second treatment will 
consist of a 5 meter strip of grass and a 5 
meter strip of low-growing juniper and 
mulch. Prior to establishment of treat
ments, soil infiltration will be evaluated 
to establish a baseline. As the buffer 
vegetation becomes established, soil 
infiltration will be reevaluated periodi
cally. Automatic samplers will be 
installed at the runoff inflow and base of 
each buffer, and following rainfall events 
water samples will be analyzed for total 
suspended solids, nitrate, ammonia, 
orthophosphate, total organic carbon, and 
pesticides. Induced rainfall events will be 
conducted twice to compare buffer 
function with the same runoff volume but 
at different stages of buffer maturity. 
Shallow groundwater above and below 
plots will also be sampled periodically. 

Investigation of the effectiveness of 
grassed and forested buffers in removing 
pesticides will be conducted at an NCSU 
Research Farm in Raleigh. At this site, a 
Piedmont riparian area was already 
instrumented for runoff collection and 
measurement as part of a previous study. 
Runoff from an adjacent agricultural 
field planted to corn will be distributed 
through grassed buffers of different 
widths and recollected for sampling. 
Runoff will then be distributed through 
forested riparian areas of different widths 
and recollected for sampling. Atrazine, 
acetochlor, dicamba and terbufos will be 
applied to the corn crop at the maximum 
labeled rates, and pesticide analyses of 
runoff samples will be by gas chromatog
raphy/mass spectrometry. 

The results of these field investiga
tions will provide valuable information 
on the relationship between buffer 
functions established for grass and 
forested buffers and those of a typical 
constructed landscape design. The 
investigators will determine if buffers of 

acceptable size and design for landscapes 
can perform the functions of a forested 
riparian buffer in retention of pollutants 
in runoff where forests would be unac
ceptable. 

Using Natural and Landscaped Buffers to 

Reduce Pollutant Loading from Ag ricultural 

Runoff(70l69) 

Richard A. McLaughlin 
(Rich_McLaughlin @ncsu.edu) and J. 
Wendell Gilliam, Department of Soil 

Science, North Carolina State University 

June 1, 1998, to June 30, 1999 

Funded by WRRI 

NCSU investigators 
will field test ideas 
for better way of 
evaluating sites for 
large septic systems 
Septic-tank-soil absorption systems
called septic systems-are used for 
wastewater disposal in unsewered areas 
not only for individual houses but also 
for apartments, subdivisions, office 
complexes, schools, and businesses. 
While an assessment of slope, landscape 
position, selected soil properties and 
depth to a restrictive horizon is required 
at any site proposed for a septic system 
in North Carolina, a predictive assess
ment of how the system may affect the 
hydrology, or the cycling of water, at an 
area is required only for large systems. 

An important part of the hydrologic 
cycle is evapotranspiration-dissipation 
into the air of water taken up by the roots 
of plants. Although wastewater applica
tion can increase evapotranspiration from 
a septic system's drainfield area, the 
process may not be adequate to remove 
applied wastewater from the soil. Under 
North Carolina's current site assessment 
methods and design loading rate, a large 
septic system may double or triple the 
amount of water that precipitation would 
provide to the hydrology of a drainfield 
area annually. Therefore, if water flow 
under the drainfield of a large septic 
system is not rapid enough, drainfield 



soil may not be able to assimilate 
rainfall or wastewater application. 
Wastewater may reach groundwater 
without adequate treatment and/or may 
surface on or off the drainfield site, 
causing a health hazard. In extreme 
cases, sewage may back up into houses. 

Site hydrology may also be 
affected when trenches of large septic 
systems are stacked on sloping ground, 
as is done in many parts of North 
Carolina. Even in properly functioning 
septic systems, the increase in soil water 
content in the upper parts of drainfields 
caused by this practice can increase the 
potential for uprooting of trees during 
storms. Uprooted trees can destroy low 
pressure pipe or subsurface drip systems. 

Because there is significant 
evidence of problems with large septic 
systems, there appears to be a need to 
test available methods and develop new 
methodology that allows regulators and 
system designers to take site hydrology 
into account in evaluating sites and 
designing large septic systems. 

In this project, investigators will 
determine whether available models and 
methods reasonably predict water flow 
under drainfields of large septic systems 
by studying water flow under drainfields 
and repair areas of several large septic 
systems in the N.C. Piedmont and 
Coastal Plain. Data from characterization 
of each site will be incorporated into 
available models of water table mound
ing and groundwater flow and a simpli
fied method developed by one of the 
principal investigators. Prediction of 
water flow and any saturated zone under 
the drainfield will be compared to actual 
field data. 

To determine whether stacking of 
drainlines on sloping ground contributes 
to saturated conditions near trenches in 
lower parts of a drainfield, the investiga
tors will conduct controlled field studies. 
At two sites with different soil types, 
they will regularly apply simulated 
wastewater to three to five trenches at 
two different landscape positions or 
alternatively at two different degrees of 
slope on a landscape position and 
measure soil water content and pressure 
head around the trenches biweekly for six 
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UN C-Wilmington researchers will 
investigate whether nutrient inputs 
to Cape Fear intensify hypoxia 
The conventional scientific view is 
that-because of light limitation
significant algae blooms do not occur in 
blackwater streams, such as those that 
feed the Cape Fear River, and that events 
of hypoxia (low dissolved oxygen) and 
anoxia (no dissolved oxygen) in black
water systems are primarily the result of 
oxygen-depleted waters being flushed out 
of wetlands by rainfall. Therefore, these 
systems are not considered sensitive to 
nutrient inputs, and there are no limita
tions on nutrients in wastewater dis
charges into blackwater streams. 

However, recent nutrient addition 
bioassays conducted by the principal 

Large septic systems 
continued 
months. They will also conduct tracer 
studies to evaluate the impact of upper 
trenches on soil water content and water 
movement around and beneath lower 
trenches. 

To test the hypothesis that soils in 
drainfields of large septic systems 
maintain a higher water content than 
similar surrounding soils, the investiga
tors will monitor for more than a year 
soil water content in the upper 50 to 100 
centimeters of the soil in the drainfields 
and repairs areas of the systems used for 
the study described above. They will then 
make a statistical comparison of soil 
water content of the two areas. 

Through these studies, the investiga
tors expect to develop a site evaluation and 
design protocol that can be used to improve 
the performance of large septic systems. 

Water Flow Analysis for Large Septic 

Systems (70168) 

Aziz Amoozegar (aziz_amoozegar 
@ncsu.edu) and David L. Lindbo, Depart

ment of Soil Science, and David G. Evans, 
Department of Marine, Earth, and Atmo

spheric Sciences, North Carolina State 
University 

June 1, 1998, to June 30, 1999 

Funded by WRRI 

investigators (PIs) on this project have 
demonstrated that supplementing 
nutrients in blackwaters can produce 
algae blooms. Moreover, algae blooms 
have been observed in blackwaters below 
animal operations and wastewater 
treatment plants. As in other streams, 
when algae die and sink into sediments, 
they decompose, depleting oxygen in 
bottom sediments and the water column 
immediately above them. 

In addition, blackwater streams
which are rich in dissolved organic 
material-are very hospitable to bacteria, 
which can use both organic and inorganic 
materials for growth, and to the protozoa 
which feed upon bacteria. This commu
nity of bacteria and protozoa demands 
oxygen for respiration, and if nutrients 
increase the mass of the community-as 
the PIs' research has shown they do
then oxygen demand is also increased. 

Based on evidence from previous 
research and monitoring data, the PIs 
believe that nutrient loading to blackwa
ter streams leads to algae blooms and 
increased microbial planktonic biomass, 
thereby exacerbating hypoxic/anoxic 
events in blackwater streams. In this 
project, they will test that hypothesis and 
try to define the concentrations at which 
nutrients cause water quality problems in 
blackwater systems. 

To accomplish their objectives, the 
investigators will 
• use a bioassay system to determine the 

effect of a gradient of nutrient concen
trations on growth of phytoplankton in 
the Northeast Cape Fear River and the 
Black River, 

• use a tested bioassay approach to 
investigate the overall microbial 
biomass and potential heterotrophic 
responses to the gradient of nutrients, 

• assess the biochemical oxygen demand 
of samples after nutrient additions to 
determine potential effects of nutrient 
loading on dissolved oxygen concentra
tions, and 

continued next page 
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CONTINUING RESEARCH 
r/ Characterization of Ammonia Emissions from Animal and Poultry Operations in North 
Carolina (50214) July 1, 1996, to June 30, 1999-Funded by the Division of Air Quality of 
the N.C. Department of Environment and Natural Resources and WRRI • Dr. Viney P. 
Aneja of North Carolina State University continues his project to describe all the paths of 
nitrogen (ammonia) volatilization, transport, transformation, and deposition at various kinds 
of swine and poultry operations and to estimate the magnitude and frequency of loadings 
from these sources. During the first year, a pilot study focused on investigating emissions 
measurement technologies and understanding ammonia emissions from lagoons, land 
application sites, and animal houses at a large-scale swine facility. During the second year, 
the study was extended at the same facility to capture seasonal changes in ammonia emis
sions. As the study enters its third year, the researcher will work toward parameterizing 
ammonia exchange processes and developing a geographic information system-based 
inventory of ammonia source strength. 

r/ Effect of Management Practices on Denitrification in Soils Fertilized with Lagoonal 
Swine Waste (70151) June 15, 1996, to August 31, 1998-Funded by WRRI and the U.S. 
Geological Survey. Dr. Stephen C. Whalen of UNC-Chapel Hill concludes his project to 
identify field conditions under which microbes in soil most effectively convert complex 
forms of nitrogen into dinitrogen gas in order to determine which agricultural management 
practices are most likely to prevent export of nitrogen in runoff from fields treated with 
animal waste. 

r/ Denitrification and Nitrification in Agricultural Soils Fertilized with Liquid Lagoonal 
Swine Effluent (50232) July 1, 1997, to June 30, 1999-Funded by the Division of Air 
Quality of the N.C. Department of Environment and Natural Resources. In an important 
part of the effort to assess atmospheric nitrogen emissions from animal production facilities, 
Dr. Stephen C. Whalen of UNC-Chapel Hill continues to study denitrification in fields 
amended with swine waste-specifically the effect that microbial nitrification coupled with 
physicochemical variables (moisture, temperature, substrate supply) has on the rates of 
denitrification and N

2
0 emission. During the last year, Whalen has monitored the develop

ment of nitrifying and denitrifying microbial communities in a field that had just begun to 
receive lagoon waste and has conducted a survey of denitrification potential on a number of 
fields that have received lagoon waste for varying lengths of time. An objective of the project 
is to provide a mechanistic understanding of the process and agroecosystem-Ievel response of 
denitrification to repeated fertilization with liquid swine waste. The results will help provide 
a more firmly based source-strength estimate for agroecosystems in the atmospheric N

2
0 

budget. . 

r/ Microbial Impacts of Animal Wastes on Water Resources (70152) June 15, 1996, to 
August 31, 1998-Funded by WRRI and the U.S. Geological Survey. Dr. Mark D. Sobsey 
of UNC-Chapel Hill continues efforts to determine the prevalence and concentrations of 
Cryptosporidium, Giardia, other enteric microbial pathogens, and candidate indicators for 
these pathogens in the treated and untreated wastes of hogs and cattle and the impacts of 
these wastes on surface and ground water resources. Sobsey and his team continue to look 
for indicator bacteria that will make it possible to distinguish between human and animal 
waste contamination sources and to study whether levels of indicators in water and waste 
samples can be used to predict and quantify the presence and levels of Cryptosporidium, 
Giardia, and Salmonella. They also continue to examine the effectiveness and reliability of 
various animal waste treatment processes in reducing pathogens. Preliminary results have 
indicated that cattle and swine operations utilizing current best management practices are not 
significant sources of Cryptosporidium and Giardia but that typical waste lagoons do not 
greatly reduce fecal microorganisms such as fecal coliforms, E. Coli and enterococci on a 
consistent basis. A constructed wetland system was found to be more effective in reducing 
levels of all microbial indicators. 

r/ Improved Characterization of a Fractured-Rock Aquifer by the Transient Flowmeter 
Test (70165) July 1, 1997, to June 30, 1999-Funded by WRRI and the U.S. Geological 
Survey .• Dr. Zbigniew J. Kabala of Duke University continues his work to develop a theory 
of the transient flowmeter test and test interpretation methodology. During the current phase, 

continued in shaded block on page 9 

• use the experimental results to 

determine key nutrient concentrations 

indicative of potential water quality 

problems in blackwater systems and use 

these concentrations to recommend 

ambient nutrient and/or discharge 

nutrient guidelines for blackwater 

systems. 

Seeking Science-Based Nutrient Standards 
for Coastal Blackwater Systems (70171) 
Michael A. Mallin and Lawrence B. 
Cahoon, Center for Marine Science Re
search, University of North Carolina at 
Wilmington 
August 1, 1998, to July 31, 1999 
Funded by WRRI and the Lower Cape Fear 
River Program 

Final piece of 
atmospheric ammonia 
puzzle 
continued 

duced" forms, such as ammonia (NH
3
), 

ammonium (NH
4 
+) and organic forms. 

Once scientists can enter data 
about the strength and rate of ammonia 
emissions from animal operations into a 
model along with information on the 
geographical distribution of these 
sources, they will be close to producing 
maps showing where and how much 
ammonia from animal operations is 
deposited. However, one crucial piece of 

information needed for the model is 

lacking-the rates at which ammonia is 

deposited on various kinds of natural 

surfaces, such as bare soil, grass, trees, 

crops, water, etc. 

Most of the gaseous ammonia that 

is emitted into the atmosphere is thought 

to return to earth -not when it is washed 

out by rain-but as dry deposition on 

land and landcover. Where it is deposited 

is determined not only by atmospheric 
conditions-wind, temperature, etc.-but 

also the chemical "attraction" that a land 

surface or vegetative surface has for the 

compound, or conversely the "resistance" 

that various surfaces may exhibit. Each 



kind of land cover will exhibit a unique 
receptiveness to ammonia deposition and 
that receptiveness will change with 
environmental conditions. The rate at 
which ammonia is deposited onto 
significant land cover types (forests and 
various kinds of crops dominant in 
eastern North Carolina) must be "param
etrized" so that models can be used to 
generate deposition maps. 

In this project, NCSU scientists 
working with scientists from the N.C. 
Division of Air Quality, U.S. Environ
mental Protection Agency (EPA), and 
National Oceanic and Atmospheric 
Administration (NOAA) will provide that 
last piece of information needed to model 
the emissions, transport, and deposition 
of ammonia (and other "reduced" 
nitrogen compounds) in eastern North 
Carolina. To establish and test their 
methodology, the investigators will 
conduct field experiments at NCSU 
research farms and N.C. Division of Air 
Quality monitoring sites. There, they will 
measure wind speeds, temperature and 
concentration of ammonia and ammo
nium at two heights in the atmospheric 
surface layer. The difference in concen
trations plus some complex calculations 
will tell them "depositional velocity," or 
the rate at which ammonia/ammonium is 
being deposited. 

After calibrating instruments and 
deciding on an appropriate sampling 
duration and techniques, they will 
conduct a series of field studies at 
various sites, each representing a natural 
surface of significant importance for 
ammonia deposition in Eastern North 
Carolina. 

Finally, they will develop a scheme 
for parameterizing dry deposition of 
ammonia/ammonium on different types 
of natural surface for use in regional air 
quality models. 

Measurement and Modeling of Ammonia/ 

Ammonium Flux and Dry Deposition Velocity 

above Natural Surfaces in Eastern North 
Carolina (50242) 
S. Pal Arya (pal_arya@ncsu.edu) and 

Viney P. Aneja, Department of Marine, 

Earth, and Atmospheric Sciences, North 

Carolina State University 

May I, 1998, to April 30, 2001 
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CONTINUING RESEARCH 
Dr. Kabala and his graduate student will evaluate the test they have developed in numerical 
experiments and in field tests at a low-level radioactive wastes site. 

,/ Biologically Mediated Nitrogen Dynamics in Eutrophying Estuaries: Assessing Denitri
fication and N2 Fixation Responses to Proposed N Loading Reduction in the Neuse River 
Estuary (70166) July 1, 1997, to September 30, 1998-Funded by WRRI and the U.S. 
Geological Survey .• Drs. Hans Paerl and James L. Pinckney of the UNC-CH Institute of 
Marine Sciences continue to investigate how and at what rates nitrogen in its various forms is 
cycled in the Neuse River and Estuary to determine if nitrogen reductions will favor the 
growth of N2-fixing cyanobacteria. Paerl's research team has been using dilution bioassays to 
study the effects of nitrogen and parallel nitrogen and phosphorous reductions on actual and 
potential N2 fixation by phytoplankton in the Neuse Estuary. Preliminary results indicate that 
Nz fixation is enhanced when nitrogen concentrations alone are reduced but not when both 
nitrogen and phosphorous are reduced. Dilution experiments also indicate that reducing both 
nitrogen and phosphorous lead to the largest decreases in algal biomass (compared to either 
nitrogen alone or phosphorous alone), suggesting a synergy of parallel reductions. Work on 
methodologies for determining denitrification rates has indicated that acetylene block 
technique for calculating in situ rates may underestimate denitrification. As the project 
continues, the research team will apply new methodologies to measure denitrification in the 
Neuse Estuary, expand dilution bioassays to assess a range of nitrogen and phosphorous 
reductions, and begin to assess the potential for genetic changes that might lead to develop
ment of nitrogen fixing ability among phytoplankton in the Neuse. 

,/ Effectiveness of Four Best Management Practices for Reducing Nonpoint-Source 
Pollution from Piedmont Tobacco Fields (70163) June 15,1997, to December 31,1999-
Funded by WRRI. Drs. E. Carlyle Franklin and Gregory D. Jennings Of N.C. State 
University continue their investigation of the ability of an integrated systems of best manage
ment practices to reduce pollutants in runoff from tobacco fields in Piedmont North Carolina. 

,/ History of Water Quality in North Carolina Estuarine Waters as Documented in the 
Stratigraphic Record (70161) May 1, 1997, to August 31, 1999-Funded by WRRI and the 
U.S. Geological Survey. Dr. Sherri Rumer Cooper of Duke University continues her work 
to use paleoecological data to recreate the history of water quality and diatom community 
structure in the Tar-Pamlico and Neuse estuaries through time and to relate changes in water 
quality to changes in watershed land use history and other anthropogenic influences. 

,/ Prototype Water Quality Data Retrieval System for the Neuse River Basin (50226) March 
1,1997, to September 30, I 998-Funded by the N.C. Board of Science and Technology .• 
Dr. Hugh A. Devine and Casson X. Stallings of N.C. State University continue to develop a 
demonstration Internet site for a common retrieval system for N.C. water quality data. The 
pilot site, focusing on the Neuse River Basin, has been relocated to http:// 
www.cgibin.ncsu.edu/qw-cgi/qwretr.pl 

,/ Lumped Parameter Models for Predicting Nitrogen Loading from Lower Coastal Plain 
Watersheds (70162) June 1, 1997, to June 30, I 999-Funded by WRRI. • Drs. R. Wayne 
Skaggs, G.M. Chescheir, D.M. Amatya, G. Fernandez, and J. Wendell Gilliam continue their 
work to develop new watershed-scale models for predicting nutrient contributions based 
principally on variations in hydrology and hydraulics. "The researchers have instrumented a 
watershed near Plymouth, N.C., with gauging and sampling stations at drainage outlets of 
sub-watersheds, drainage canals, and the watershed outlet to record flow rates and collect 
water quality samples. They have coupled a field scale model (DRAINMOD-N) for predict
ing nitrogen losses at field edge with models for predicting transport and fate of nitrogen in 
drainage canals and small coastal streams to create watershed scale models, which they have 
tested and validated. They are now developing models that lump biological and biochemical 
nitrogen cycling processes into simple empirical relationships to link to the watershed 
models. The final task will be to field test and evaluate their linked models against complex 
process-based 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 stormwater. 
Problems addressed with Consortium support are described on the following pages. 

UNC-Charlotte researcher will compare processes 
for removing nutrients from wastewater 
Concern about nutrient enrichment of 
waterbodies is growing, and, across North 
Carolina, wastewater treatment plants are 
facing stringent limits on concentrations 
of nutrients in effluent. To meet these 
limits numerous plants must add nutrient 
removal tertiary treatment capabilities. 
Before selecting a technology, wastewater 
managers would like to know which of 
several processes for removing nutrients 
from wastewater performs best and is 
most cost effective, but information on 
long-term steady-state operation and 
maintenance costs associated with 
nutrient removal tertiary treatment is not 

currently available. Thanks to recent 
developments within facilities of the 
Charlotte-Mecklenburg Utility Depart
ment (CMUD), the opportunity exists to 
develop that information. 

The CMUD's McDowell Creek 
wastewater treatment plant discharges 
effluent to the nutrient-sensitive waters 
of Mountain Island Lake, one of the 
city's drinking water supplies. The 
plant's latest National Pollutant Dis
charge Elimination System (NPDES) 
permit limits total nitrogen in the 
effluent to 10.0 milligrams per liter (mg/ 
L) and total phosphorous to 1.0 mg/L. 

To meet the discharge limits, CMUD has 
modified the plant to allow for chemical 
phosphorous removal and biological 
nutrient removal (BNR) by three differ
ent processes. In cooperation with 
CMUD and operators at the McDowell 
Creek plant, a researcher and students 
from UNC-Charlotte and a private 
consultant will assess costs and perfor
mance for the various nutrient-removal 
configurations possible at the plant and 
determine the least-cost mode for 
nutrient removal. 

The research will be conducted in 
five phases, during which each biological 



nutrient-removal configuration (three
stage BNR, University of Cape Town/ 
Virginia Initiative Plant Process, and 
Charlotte, NC, Process) will be main
tained at steady-state operation for six 
months, and the chemical phosphorous 
removal process will be operated in 
conjunction with a nitrification scheme 
for two months. Influent and effluent 
levels of total nitrogen and total phospho
rous will be monitored to determine overall 
removal efficiency of each configuration. 
Power consumption related to mixing, 
aeration and pumping will be monitored 
and materials, repair, and personnel costs 
will be tracked for each phase. 

The information on performance, 
and operations and maintenance costs 
will be evaluated together to identify the 
least-cost mode of biological nutrient 
removal for maintaining compliance with 
discharge permit limits at the McDowell 
Creek plant. By comparing these 
methods at one single plant, variables 
that might confound comparative results, 
such as differences in influent source and 
environmental factors, will not be a 
major source of error. 

Performance and cost data from the 
McDowell Creek plant studies will then 
be compared to performance and 
operation and maintenance costs of 
nutrient removal at treatment plants 
operated by the cities of Raleigh, 
Durham, and Greensboro and the Orange 
Water and Sewer Authority. The com
parisons will assist other plants in 
evaluating their nutrient-removal 
processes. 

(Activities scheduled for this year 
include start-up and analysis of one or 
two schemes. Other removal methods 
will be evaluated in a second year, 
assuming year-two funding.) 

Comparison of Performance and Operations 

and Maintenance Costs for Three Biological 

Nutrient Removal Schemes at a Full-Scale 

Wastewater Treatment Plant (50244) 

Karl G. Linden (kglinden@uncc-edu) 
Department of Civil Engineering, University 
of North Carolina at Charlotte 
September 1, 1998, to August 31, 1999 
Funded by N.C. Urban Water Consortium 
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UNC-Chapel Hill scientist will develop 
model to predict bacterial regrowth in 
drinking water distribution systems 
When drinking water leaves municipal 
water treatment plants, it is largely free 
of microbiological contaminants and is of 
generally high quality. However, between 
the time that drinking water leaves the 
plant and the time it flows from the 
consumer's tap, its quality may have 
declined significantly. The deterioration 
of drinking water quality in the distribu
tion system is often attributed to the age 
and condition of pipes. Insides of water 
pipes may be pitted by corrosion, and the 
deposition of oxides of iron and other 
metals may line pipes with "growths." 
These rough surfaces are ideal places for 
microbes to attach themselves and form 
biofilms, which can then slough off 
bacteria that end up in tap water. 

Water systems add disinfectants 
(chlorine or chloramine) to distribution 
lines at various points to try to inhibit the 
regrowth of bacteria in disinfected water 
and formations of biofilms on the pipes. 
However, residual chlorine in drinking 
water must be kept below certain levels 
because of concerns about formation 
within the distribution system of disinfec
tion by-products, which may be carcino
genic. Therefore the amount of disinfectant 
that water systems typically add to 
distribution lines may not be sufficient to 
kill bacteria and prevent biofilm formation, 
particularly if much of the disinfectant is 
used up by oxidizing pipe interiors. 

In addition to age and condition of 
pipes and level of residual chlorine, other 
factors have been shown to influence the 
growth of biofilms in distribution 
systems: natural organic matter content 
of water, nutrient concentrations, 
temperature, pH of water, velocity at 
which water flows through distribution 
lines, and the length of time that water 
may stand in an area of the system, such 
as dead-end lines. In fact, research has 
shown that in some water systems there 
is a stronger relationship between the 
appearance of bacteria in tap water and 

some of these factors than between 
bacteria and residual chlorine levels. 
Because each water system is unique and 
because water differs from region to 
region across the country, it is impossible 
to develop guidelines for preventing 
bacterial and biofilm regrowth that apply 
to all systems. Therefore, individual 
water system managers need help in 
determining what to do to prevent growth 
of biofilms in their specific distribution 
systems and thereby protect consumers 
from the possibility of bacterially 
contaminated drinking water. 

In an effort to provide this help to 
water systems in North Carolina, 
researchers at UNC-Chapel Hill have, for 
two years, been conducting water 
sampling and analysis and biofilm 
sampling and analysis throughout the 
distribution systems of the City of 
Durham and the City of Raleigh. The 
goal of their sampling has been to 
identify the factors most important in 
causing biofilm growth in these systems. 
Although data collection will continue 
for another year to provide ample data 
for testing a model, researchers are now 
performing detailed regression analyses 
of earlier data to determine which system 
and water quality factors correlate 
strongly with bacterial regrowth. Results 
of this work will feed into a new phase 
by helping researchers decide which 
variables to include in modeling efforts. 

In the current project, work will 
focus on developing a bacterial regrowth 
model capable of predicting bacterial 
counts, disinfectant residual, and natural 
organic matter concentrations at loca
tions within a distribution system. The 
researcher believes that a mechanistic 
biofilm model that simulates the cumula
tive result of processes occurring 
"upstream" in a distribution system and 
accounts for uncertainty in biofilm 
growth, disinfection efficiency, and water 

continued next page 
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NCSU researcher 
will reconrrnend 
design changes for 
better stonnwater 
treatment ponds 
The recently adopted Neuse River Basin 
Nutrient Sensitive Waters Management 
Strategy requires that 10 cities and five 
counties in the basin develop stormwater 
management plans that maintain nitrogen 
loading from new development at 70% or 
less of the 1995 loading from the pre
vious land use (assumed to be agricul
tural and forest lands with an area
weighted loading rate of 3.6 pounds per 
acre per year) or offset loadings by 
paying into the N.C. Wetland Restoration 
Fund. Consequently, there is a tremen-

Bacterial regrowth in 
water distribution 
systems continued 

velocity may be the best predictive tool. 
Instead of a specific value for bacterial 
number concentration and disinfection 
residual at any location, the model would 
provide a frequency distribution based on 
analysis of uncertainty. Such a model 
could be calibrated and verified with 
water quality data collected in the earlier 
project. The model could be used to 
optimize the location of sites for moni
toring bacterial regrowth and disinfection 
residuals, to predict the effects of line 
flushing, and to determine the changes in 
water treatment practices that would 
improve water quality within the distribu
tion system. 

Data Collection to Support a Simplified 

Regrowth Model for Distribution Systems 

Incorporating Uncertainty Analysis (50245) 

Francis A. DiGiano 
(fran_digiano@unc.edu), Department of 
Environmental Sciences and Engineering, 
University of North Carolina at Chapel Hill 
September 1, 1998 to August 31, 1999 

Funded by the N.C. Urban Water Consortium 

DDDODDD 
DeDeDDO 
DDDJJDO 

dous need for reliable, cost-effective 
measures to control nutrients in storm
water runoff from urban areas in the 
basin. 

Wet detention ponds are the most 
commonly used best management 
practices for reducing nitrogen and 
phosphorous in storm water runoff. Wet 
ponds maintain a permanent pool of 
water and remove suspended solids and 
adsorbed pollutants (phosphorous among 
other things) by sedimentation during 
quiescent periods between rainfall 
events. In addition, dissolved nutrients 
(nitrogen and phosphorous) may be 
removed through algal uptake, growth, 
and subsequent settling. However, 
research has shown that current wet 
detention pond designs often achieve less 
than 30% nitrogen reduction. A recent 
survey of research on wet pond removal 
efficiency revealed that total nitrogen 
removal efficiency varied in ponds 
studied from minus 12% to 85%. 

In previous work, NCSU research
ers monitored a series of regional wet 
detention ponds in High Point and used 
the results to evaluate current wet 
detention pond design practices. They 
believe they have identified major weak
nesses in current pond design and areas 
where nutrient removal efficiency could 
be increased with little additional cost. 

In this project, one of the principal 
investigators on the previous work will 
use a one-dimensional reservoir water 
quality model, CE-QUAL-Rl, to help 

identify the major design parameters 
controlling nutrient removal in wet 
detention ponds and develop reliable, 
cost-effective modifications to existing 
designs to enhance removal. He will use 
the model to simulate thermal stratifica
tion, sedimentation, algal growth and 
nutrient uptake, and pollutant removal in 
wet detention ponds, calibrating the 
model with data from previous studies at 
the High Point ponds. He will then use 
the model to evaluate changes to primary 
design variables such as hydraulic 
detention time, hydraulic overflow rate, 
normal pool volume, normal pool depth, 
ratio of mean to maximum depth, 
temporary pool volume, temporary pool 
discharge rate, and physical configura
tion of outlet structure. He will evaluate 
these changes using inflows with high 
nutrient loading and a lower nutrient 
loading to develop designs that perform 
well across a range of conditions. Results 
of these analyses will then be used to 
develop recommendations for increasing 
wet detention pond removal efficiency at 
the lowest cost. For example, if the 
analyses show that temporary pool 
volume has minimal influence on 
removal efficiency, the investigator will 
examine whether it may be possible to 
increase removal efficiency by convert
ing a portion of the temporary pool 
storage to permanent storage. Finally, 
analyses will be conducted to evaluate 
the effect that parameter uncertainty has 
on the most efficient pond configuration 
identified and to evaluate uncertainty in 
predicted removal efficiency. 

Once preliminary recommenda
tions are developed, they will be pre
sented to State regulators and design 
engineers to get input on the practical 
application of proposed changes. 

Optimization of Wet Detention Ponds for 

Phosphorous and Nitrogen Removal (50243) 

Robert C. Borden (rcborden@eos. 
ncsu.edu), Department of Civil Engineering, 
North Carolina State University 
September 1, 1998, to August 31, 1999 

Funded by the N.C. Urban Water Consortium 



Duke researchers will study sediment 
problems in Greensboro's Lake Jeanette 

Lake Jeanette is a privately owned 
reservoir in northeast Greensboro, 
completed in 1943 by Cone Mills 
Corporation. While the reservoir contrib
utes flow to Lake Townsend, one of 
Greensboro's water supply reservoirs, it 
is not classified for water supply. Over 
the last five years, areas in the lake's 7.5 
square-mile watershed have been sold to 
residential developers, and single-family, 
multi-family, and commercial develop
ment has increased significantly. In spite 
of zoning restrictions similar to those in 
water supply watersheds, Lake Jeanette 
seems to be suffering from sedimentation 
and possibly nutrient enrichment. In 
response to concerns from lakeshore 
homeowners and others, the City of 
Greensboro wants an objective study of 
sources of sediment, rates of sedimenta
tion, and any resulting water quality 
problems in Lake Jeanette to help 
develop appropriate erosion and sedi
ment and storm water controls not only 
for Lake Jeanette but also for other lakes 
and reservoirs in the city. 

In this project, researchers will 
assess the extent of sedimentation in 
Lake Jeanette, the potential for additional 

sedimentation, and the current water 
quality and potential trophic status of the 
reservoir. 

The researchers will first conduct a 
preliminary analysis to determine how 
much sediment could have plausibly 
been deposited in Lake Jeanette since its 
construction. Using data and maps of the 
original area and capacity of the reser
voir along with sediment loading 
calculated using the empirical area
reduction method, they will project a 
range of possible sediment deposition 
profiles in the reservoir. 

They will also directly assess 
current sedimentation in Lake Jeanette 
and its effect on reservoir storage 
capacity by mapping the reservoir bottom 
topography using a depth sounder and 
global positioning system. To determine 
when existing sediment loads were 
deposited and past rates of sedimenta
tion, they will take sediment cores and 
use radioisotopic dating to determine the 
age of the sediment profile. 

To project how much sedimenta
tion might be occurring presently and 
how much might occur in the future, they 
will survey physical characteristics, land 
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uses, and conservation practices in the 
watershed and incorporate this informa
tion into a geographic information 
system (GIS). They will use the GIS 
information in conjunction with the 
Universal Soil Loss Equation (USLE) to 
estimate sedimentation potential and to 
compare relative sedimentation potential 
of existing land uses. To more directly 
assess sediment delivery to the lake, they 
will also monitor suspended solids and 
flow in the main tributary, Richland 
Creek, and develop an empirical model 
to estimate sediment loading. 

To assess water quality in the 
reservoir they will conduct summer-long 
monitoring of standard water quality 
parameters including secchi depth, 
suspended solids, turbidity, phosphorus, 
nitrogen, pH, dissolved oxygen and 
chlorophyll a. They will also sample 
twice for metals of concern for drinking 
water supplies. To project future water 
quality in the reservoir, they will incorpo
rate data from the summer monitoring 
study and the erosion potential estimates 
from the land-use assessment into 
Eutromod, a spreadsheet model cali
brated for reservoirs in the Southeast. 
This model will predict a plausible range 
for in-lake nitrogen, phosphorus, and 
chlorophyll concentrations, as well as 
secchi depth. 

At the completion of the study, the 
researchers will prepare a public educa
tion brochure to inform residents of the 
watershed of the causes and likely 
consequences of sediment problems in 
Lake Jeanette and measures that can be 
taken to mitigate the problems. 

An Erosion and Sedimentation Study of Lake 

Jeanette and the Lake Jeanette Watershed, 

Greensboro, North Carolina (50241) 

Craig A. Stow (cstow@duke.edu)and 
Sherri Cooper, Nicholas School of the 
Environment, Duke University 
June I, 1998, to October 31, 1999 
Funded by the City of Greensboro through 

the N.C. Urban Water Consortium 
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CONTINUING RESEARCH 
SPONSORED BY THE N.C. URBAN WATER CONSORTIUM 

,/ Assessment of Trace Element Concentrations in Municipal 
Wastewater Treatment Plant Discharges in North Carolina (50210) 
September 1,1995, to December 31, 1998-Funded by the N.C. 
Urban Water Consortium. Drs. Philip C. Singer and Howard S. 
Wienberg of the University of North Carolina at Chapel Hill found 
that strictly following recommended protocol and implementing 
quality assurance for wastewater effluent sample collection, handling 
and analysis will substantially reduce the number of instances of 
noncompliance with standards for mercury and cadmium. They found 
that following protocol and enforcing quality assurance will reduce 
noncompliance for cyanide for most plants. However, they also found 
that a few plants continue to show apparent high levels of cyanide in 
their effluents in spite of tight protocol and quality assurance. As this 
project concludes, the scientists are using a new analysis system and 
new methodology to investigate whether the current analytical 
methods employed for measuring cyanide are adequate and whether 
chlorination/dechlorination of wastewater may produce compounds 
that interfere with accurate measurement of cyanide in treatment 
plant effluent. 

,/ Evaluation of Ponds and Wetlands for the Protection of Public 
Water Supplies Continuation (50211 ) January 1, 1996, to December 
31, 1998-Funded by the N.C. Urban Water Consortium and the 
City of High Point. Drs. Robert C. Borden and Sarah K. Liehr of 
North Carolina State University continue to monitor and compare 
pollutant loadings and treatment efficiencies of two conventional wet 
detention ponds in watersheds with differing land uses and an 
artificial wetland. They are also comparing mathematical model 
predictions of treatment efficiencies of the structures with actual 
removal efficiencies. 

,/ Evaluation of Pesticides in Water Supply Watersheds (50218/33) 
April 1, 1997, to December 31, 1998-Funded by the N.C. Urban 
Water Consortium. For nearly two years, Dr. Robert E. Holman of 
WRRI and Dr. Ross B. Leidy of NCSU have collected samples in 
water supply watersheds and conducted analyses for 11 pesticides: 
acetochlor, alachlor, aldicarb, atrazine, carbaryl, carbofuran, 
chlorothalonil, chlorpyrifos, methomyl, metolachlor, and 2,4-D. In 
more than 5,000 samples, the investigators found no traces of five of 
the targeted pesticides: acetochlor, alachlor, carbaryl, carbofuran, and 
methomyl. The only pesticide detected in raw water above the level 
that EPA has set for finished drinking water was atrazine. In phase II 
of the study, the investigators attempted to further isolate the sources 
of atrazine through intensive water column and sediment monitoring 
during the spring. Bench scale powdered activated carbon (PAC) 
studies are being conducted to determine what levels of PAC are 
needed to reduce pesticides such as atrazine to below detection levels 
in treated water. 

" Evaluation of Wastewater Biosolids Compost for Production of 
Agronomic and Horticultural Crops (50193) January 1, 1994, to 
December 31, 1998-Funded by the Charlotte-Mecklenburg Utility 
Department. Dr. James E. Shelton of North Carolina State 
University concludes his four-year project to identify and promote 

appropriate uses for compost made with wastewater "biosolids" by 
conducting demonstration and education activities for farmers, 
Cooperative Extension agents, and others. 

,/ Manual for Best Management Practices for Compost Utiliza
tion (50227) March 1, 1997, to August 31, 1998-Funded by the 
Charlotte-Mecklenburg Utility Department. Dr. James E. Shelton 
continues the effort to promote agricultural and horticultural use of 
composed biosolids by developing and producing a manual of use 
guidelines to be made available to producers through the Coopera
tive Extension Service and trade groups. 

" Optimization of Treatment to Mitigate Impacts of Algae and 
Algae Control on Finished Water Quality (5021517) December 1, 
1996, to May 31, 1999-Funded by the N.C. Urban Water Consor
tium and the American Water Works Association Research 
Foundation 
• Drs. Detlef Knappe, Sarah Liehr, and JoAnn Burkholder of 
NCSU 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. A survey of water treatment 
plants in the state has suggested that a majority experience prob
lems with algae and that unpleasant taste and odor, filter clogging, 
increased chlorine demand, and increased coagulant demand are the 
problems most often associated with algae blooms. The survey also 
indicates that the most problematic alga is Anabaena. An evaluation 
of in-vivo fluorometry (IVF) has shown that the technique is 
suitable for monitoring chlorophyll a concentrations at levels 
commonly observed in drinking water sources. Jar tests have shown 
that ferric sulfate in combination with an anionic polymer is highly 
effective for algae removal under sweep floc conditions (pH 7.5). 
As the project continues, the scientists will examine the effect of 
potassium permanganate, an algicide, on cell lysis and release of 
intracellular compounds; evaluate dissolved air flotation and the 
ACTIFLO Process for the removal of algae; conduct pilot scale 
testing of various methods for removal of algae; verify the results of 
bench and pilot scale studies with full-scale measurements at three 
water treatment plants; conduct a survey of reservoir water quality 
and algae control practices at participating utilities; and perform 
bench-scale experiments to evaluate the effect of nutrients on 
production of algal toxins. 

" Bacterial Regrowth in Drinking Water Distribution Systems: A 
Comparison of Durham and Raleigh (50212) July 1, 1996, to 
August 31, 1998 .• Drs. Francis A. DiGiano and Donald E. 
Francisco of UNC-Chapel Hill continue sampling and analyzing 
water and biofilms from tappings from the City of Raleigh and City 
of Durham water systems to identify the factors most important in 
causing bacterial regrowth in small- and medium- sized water 
distribution systems in the Southeast. 



STUDENT INTERN/ 
SCHOLARSHIP PROGRAM 

WRRI coordinates three student 
intern projects and a scholarship 
program. 

The N.C. Office of Waste Reduc
tion supports five interns who assist the 
staff during on-site audits and prepare 
reports on pollution prevention methods 
employed by industries. All graduating 
interns in this project have joined 
government or industry in the pollution 
prevention sector. 

The N.C. Division of Land 
Resources, Land Quality Section and the 
N.C. Sedimentation Control Commission 
support one intern who works directly 
with the staff education specialist and 
two scholarships for university students 
in curricula related to erosion and 
sediment control. 

The U.S. Geological Survey 
supports one intern who works directly 
with the USGS District research staff on 
water resources related projects ranging 
from a literature review of nutrient 
contamination sources to maintaining a 
stormwater and rain gauge network. 

UPCOMING 
WORKSHOPS AND 

CONFERENCES 
During 1998-99, WRRI will sponsor or 
cosponsor the following: 

• September 14, 1998. Water Quantity 
Issues in North Carolina: Gauging the 
Environment. N.C. Water Resources 
Association luncheon and forum. 11 :30 
am, McKimmon Center, Raleigh. 

• September 15-16, 1998. Advanced 
Erosion and Sediment Control Design 
Workshop. N.C. Sedimentation Control 
Commission and N.C. Land Quality 
Section. North Raleigh Hilton, Raleigh. 

• October 15,1998. Protecting the Cape 
Fear River. NCSU. Sampson Co. Agri. 
Exposition Center, Clinton, NC 

• October 27-28, 1998. Advanced Erosion 
and Sediment Control Design Workshop. 
N.C. Sedimentation Control Commission 
and N.C. Land Quality Section. Holiday 
Inn, Hickory. 

• November 9-10,1998. Agricultural 
Solutions for the Neuse River Basin. N.C. 
Cooperative Extension Service. Sheraton, 

New Bern. 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 co-sponsorship 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 dissemination. 

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, 
Box 7912, North Carolina State University, Raleigh, NC 27695-7912 or call 
(919) 515-2815. An updated listing of allWRRI publications, including 
technical reports, is published periodically and may be obtained by calling 
the I nstitute office. 

Summaries of more than 100 WRRI technical reports are also 
available on the Institute's website at http://www2.ncsu.edu/ncsu/CIUWRRI/ 
reports/index.html. 

Newsletters: WRRI produces three newsletters. The WRRI NEWS is 
published every other month and sent to nearly 3400 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 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. Email subscriptions to the WRRI NEWS are 
also available to anyone with an Internet address. To subscribe, send an 
email message to: listserv@ncsu.edu.ln the message say: subscribe WRRI
NEWS your full name. 

The Urban Water Consortium News is published annually and 
distributed to members of the Urban Water Consortium who use the news
letter to keep their constituencies (city councils, county commissions, etc.) 
informed about the activities of the consortium and about water-related 
issues affecting municipalities. The newsletter carries descriptions of re
search funded through the consortium as well as news about water-related 
projects undertaken independently by members, and state and federal 
programs and legislation. 

The Institute also produces a newsletter, Sediments, published by the 
N.C. Sedimentation Control Commission to provide information and assis
tance to the regulated community and to facilitate communication among 
personnel of state and local erosion and sediment control programs. Current 
circulation is about 4,600. This newsletter is free. To be added to the mailing 
list .contactWRRI. 

WRRI's World Wide Web homepage (http://www2.ncsu.edu/ncsu/CIU 
WRRI) 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; information on workshops, conferences, calls for papers, 
and public hearings; and other items. 

During the past year, the Institute added to its web site The Neuse 
River Homepage, a gateway to information on the web about the Neuse 
River, including research, management, and education/outreach programs. 
The Neuse River Homepage can be directly accessed at http:// 
www2.ncsu.edu/ncsu/CIUWRRI/neuse.html. 
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1998-99 Water Resources Research Seminar Series 
Thesday, September 22, 1998, 3 pm. 1132 
Jordan Hall, NCSU Campus. "A Review of 
Research Concerning On-Site Wastewater 
Systems." Professor Aziz Amoozegar, 

Department of Soil Science, North Carolina 

State University. 

Monday, October 19, 1998,3 pm. 
Groundfloor Hearing Room, Archdale 
Building, downtown Raleigh. "Neuse River 
Water Quality Monitoring." Professor Larry 

Crowder, Nicholas School of the Environ

ment, Duke University Marine Laboratory, 

and Associate Professor Rick Luettich, 

Institute of Marine Science, University of 

North Carolina at Chapel Hill. 

Thesday, November 17, 1998,3 pm. 1132 
Jordan Hall, NCSU Campus. "Microbial 
Impact from Animal Waste." Professor Mark 

Sobsey, Department of Environmental 

Sciences and Engineering, University of 

North Carolina at Chapel Hill. 

Thesday, January 19, 1999,3 pm. 
Groundfloor Hearing Room, Archdale 

Building, downtown Raleigh. "Two 
Approaches to Modeling the Neuse River 
Estuary: Mechanistic and Network Analysis 
Models." Assistant Professor James Bowen, 

Department of Engineering Technology, 

University of North Carolina at Charlotte, 

and Professor Robert Christian, Department 

of Biology, East Carolina University. 

Thesday, February 23, 1999,3 pm. 1132 
Jordan Hall, NCSU Campus. "Ponds and 
Wetlands for Water Supply Protection." 
Associate Professor Robert Borden, Depart

ment of Civil Engineering, North Carolina 

State University. 

Monday, March 22,1999,3 pm. 
Groundfloor Hearing Room, Archdale 
Building, downtown Raleigh. "Water 
Quality Trends in the Neuse and Pamlico 
Basins." Professor Don Stanley, Institute of 

Marine and Coastal Resources, East 

Carolina Universit),. 

Thesday, April 20, 1999, 3 pm. 1132 
Jordan Hall, NCSU Campus. "Effect of 

WRRITechnical 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 
James D. Bowen, Department of Engineering Technology, University of North Carolina at 

Charlotte 
Shoou-Yuh Chang, Department of Civil Engineering, North Carolina A& T State University 
Robert R. Christian, Department of Biology, East Carolina University 
B.J. Copeland, Department of Zoology, North Carolina State University 
William L. Hinze, Department of Chemistry, Wake Forest 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 
George J. Kriz, Associate Director, Agricultural Research Service, North Carolina State 

University 
Sarah K. Liehr, Department of Civil Engineering, North Carolina State University 
Miguel A. Medina, Department of Civil Engineering, Duke University 
Kevin Moorhead, Environmental Studies, University of North Carolina at Asheville 
Curtis J. Richardson, Nicholas School of the Environment and Director, The Wetland Center, 

Duke University 
Francisco San Juan, Department of Geosciences, Elizabeth City State University 
V. Kerry Smith, Department of Economics, Duke University 
Donald W Stanley, Institute for Coastal and Marine Resources, East Carolina University 

Management Practices on Land Application 
of Swine Waste." Assistant Professor Steve 

Whalen, Department of Environmental 

Sciences and Engineering, University of 

North Carolina at Chapel Hill. 

Monday, May 24, 1999, 3 pm. Groundfloor 
Hearing Room, Archdale Building, 
downtown Raleigh. "Optimizing Buffers to 
Reduce Pollutants in Runoff." Associate 

Professor Rich McLaughlin, Department of 

Soil Science, North Carolina State Univer

sity. 

UPCOMING 
WORKSHOPS AND 

CONFERENCES 
continued 

• December 7,1998, Nutrient Management 
in the Neuse River Basin. North Carolina 
Water Resources Association luncheon 
and forum. 11 :30 am, McKimmon Center, 
Raleigh. 

• January 26-27, 1999. Erosion and 
Sedimentation Control Local Programs 
Workshop. N.C. Sedimentation Control 
Commission and N.C. Land Quality 
Section. Greensboro (tentatively). 

• January/February 1999. New Develop
ments in Erosion and Sediment Control. 
N.C. Water Resources Association 
luncheon and forum. 11 :30 am, 
McKimmon Center, Raleigh. 

• February and March 1999. Advanced 
Erosion and Sediment Control Design 
Workshop. N.C. Sedimentation Control 
Commission and N.C. Land Quality 
Section. Dates and places to be deter
mined. 

• March 25, 1999. 1999 Annual North 
Carolina Water Resources Research 
Conference. McKimmon Center, Raleigh. 

• April 27, 1999. Mountain Water Re
sources: Understanding and Management. 
Asheville. 

• April 1999. Wetlands Restoration and 
Related Programs. N.C. Water Resources 
Association luncheon and forum. 11 :30 
am, McKimmon Center, Raleigh. 

• May 1999. Stormwater Workshop. With 
N.C. Cooperative Extension Service. Date 
and location to be decided. 


