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New research 

Research addresses turbidity 
in construction site discharges 
North Carolina's water quality 
standards (15A NCAC 02B 
.0211) provide that turbidity in 
waters receiving discharges shall 
not exceed 50 Nephelometric 
Turbidity Units (NTUs) in non
trout waters and 10 NTU s in trout 
waters. The standard also 
provides that if construction sites 
and other land disturbing activi
ties employ best management 
practices recommended by the 
State, they will be assumed to be 
in compliance with the turbidity 
standard. 

In 2000, the turbidity 
standard was called into question 
when a downstream neighbor 

challenged a permit issued by the A class at the NCSU Sediment and Erosion Control Research 
N.C. Department of Environment and Education Facility learns about Dr. Rich McLaughlin s 
and Natural Resources (DENR) research on turbidity reduction using PAM floc logs together 
for a golf-course development with a skimmer basin equipped with jute fence baffles. 
that caused sediment damage to a lake. An 
Administrative Law Judge ruled that DENR 
had erred when it interpreted the turbidity 
standard in a way that allowed water quality 
standards to be violated as long as sedimenta
tion control BMPs were in place. The N.C. 
Environmental Management Commission 
upheld the decision, leaving in question how 
the turbidity standard is to be enforced, and 
launching a round of studies by the N.C. 
Division of Water Quality and the N.C. 
Sedimentation Control Commission. 

Among the conclusions of the studies 
was the finding that sedimentation control 
BMPs currently in use cannot reduce turbidity 
in construction site runoff to the required 50 
NTU level and that new technology is needed 
to allow developers to comply with the 
turbidity standard. 

With support from the .N.C. Sedimenta
tion Control Commission, Dr. Richard A. 
McLaughlin ofNC State University launched 
a research program aimed at identifying 
methods to reliably reduce turbidity in 
discharges from construction sites to 50 
NTUs. His primary focus has been on investi
gating whether polyacrylamide (PAM) can 
flocculate fine soil particles in sediment traps 
and basins and thereby clean up discharge 
water. PAM is a polymer that has been shown 
to be highly effective in controlling erosion on 
irrigated cropland and is used by water 
treatment plants as a flocculant to remove 
suspended solids as part of the purification 
process. 

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 
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Carolina at Chapel Hill 

John G. Gilligan, Vice Chancellor for Research and Graduate Studies, North 
Carolina State University 

Kenneth H. Reckhow, Director, Water Resources Research Institute (Secretary) 
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2002 - 2003 INSTITUTE 
RESEARCH PRIORITIES 

1. Evaluate the relative and absolute 
contribution of sedimentation to waterbodies 
statewide from the major categories of 
agriculture, forestry, and mining. 

2. Identify and evaluate technologies 
(specifically sediment basins and use of 
polyacrylamide) that will protect surface 
waters from sedimentation. 

3. Determine the effect of current water 
pricing on residential water demand and 
evaluate pricing as a tool for residential 
conservation. 

4. Quantify nitrogen and phosphorus loading 
and pathogen and BOD contribution from 
properly operating animal waste application 
fields to surface waters in North Carolina. 

5. Define the economic benefits of source 
water protection programs in terms of public 
health benefits, reduction of health care 
costs, and reductions in drinking water 
treatment and monitoring. 

6. Determine whether restoration practices 
that do not meet the State's definition of 
"wetland restoration" can serve the goals of 
compensatory mitigation. 

7. Investigate the potential for non-potable 
water reuse to meet a portion of the water 
supply needs in the Central Coastal Plain 
Capacity Use Area. 

8. Determine and quantify the presence of 
regulated drinking water contaminants and of 
antibiotics and other pharmaceuticals in 
wastewater discharges upstream of drinking 
water intakes, determine the degradation of 
these contaminants as they move down
stream, and evaluate the health implications 
of wastewater discharge and drinking water 
withdrawal from the same waterbodies. 

9. Conduct a literature review and/or conduct 
research to quantify the benefits of riparian 
area buffers for water quality in North 
Carolina, with particular attention to urban 
areas. In addition, or alternatively, determine 
the most appropriate characteristics of 
buffers for the Coastal Plain, Piedmont, and 
Mountain regions of North Carolina. 
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New research 

Project will examine costs of integrating surface and ground
water use in the Central Coastal Plain Capacity Use Area 
Fifteen counties in the eastern part of 
North Carolina have been classified by 
the N.C. Environmental Management 
Commission as a "Capacity Use Area," a 
designation that provides the legal 

framework for regulation of groundwater 
withdrawals. This region, collectively 
known as the Central Coastal Plain 
Capacity Use Area (CCPCUA), tradi
tionally has been dependent on ground-

Research addresses turbidity continued 

In earlier research, McLaughlin 
combined the most promising control 
technologies he could find and had 
resounding success-under highly 
controlled conditions-in reducing 
turbidity in discharges from sediment 
basins. At the NCSU Sediment and 
Erosion Control Research and Education 
Facility (SECREF), he reduced turbidity 
in sediment basin discharge to the 50-100 
NTU range by using a jute baffle system 
in a sediment basin, adding PAM to the 
inflow water, and dewatering the basin 
using a floating outlet (skimmer). While 
his success seems to indicate that PAM 
holds great promise for meeting the 
turbidity challenge, his earlier experi
ments did not answer many important 
questions about how PAM will work 
under field conditions. 

• Will silt fence baffles-more com
monly used to slow runoff flow in 
sediment basins-work as well as jute 
baffles, or does the jute bind the PAM 
soil complex, as a vendor claims? 

• Are the baffles and skimmer critical to 
the success of the experimental 
system, or can a basin with no baffles 
and a rock outlet produce discharge in 
the 50-100 NTU range when PAM is 
added to the inflow? 

• Under what conditions can PAM "floc 
logs" be expected to release PAM 
reliably? How much PAM is needed to 
accomplish maximum flocculation of 
fine soil particles, and at what level is 
overdosing occurring? (Although 

powdered and liquid forms of PAM 
are available, an automatic mecha
nism for adding a powder or liquid to 
water entering a sediment trap or 
basin in a controlled manner is not 
available, and manual addition of 
PAM to runoff is not considered a 
viable option.) 

• Will the addition of a cation source 
(gypsum) improve the effectiveness of 
PAM? 

In the new phase of his research 
sponsored by WRRI, McLaughlin aims 
to answer these questions, and in so 
doing, begin laying the groundwork for 
use of PAM to reduce turbidity in 
construction site runoff. 

He will conduct field experiments 
to determine the effects of modifications 
to the typical sediment trap on effective
ness of PAM. Experiments will be 
conducted at the SECREF, where three 
sediment traps of various dimensions 
have been constructed. Each trap has a 
rock outlet, which can be closed off, 
sealed, and dewatered through a skim
mer. A total of 36 tests will examine the 
effectiveness of combinations of baffles 
(no baffles, silt fence baffles, or jute 
baffles), outlet (standard rock outlet or 
skimmer), and PAM (none or a combina
tion of two PAM logs). 

McLaughlin will use laboratory 
experiments to test the hypothesis that 
addition of a cation source to anionic 
PAM will help bind negatively charged 
sediment to PAM. He will add varying 
concentrations of gypsum (CaSO 4) to 

water for much of its water supply. 
However, increasing usage has led to 
concerns over reductions in aquifer 
levels and saltwater intrusion. Under 
rules that went into effect August I, 

continued page 4 

varying concentrations of five different 
PAM products and test the ability of the 
mixtures to flocculate sediment. 

In earlier work, tests of dry PAM 
"floc logs" conducted in the winter 
produced no evidence that they can 
reduce turbidity. However, in warmer 
weather, a trial-and-error approach in 
which logs were kept in water between 
tests resulted in substantial turbidity 
reduction. These results suggest that 
water temperature and/or log moisture 
status may affect the efficiency of PAM 
logs. To determine the conditions under 
which PAM logs perform best, 
McLaughlin will conduct full-scale field 
tests in August-September, when water 
temperature will be at a maximum and in 
January-February, when water tempera
ture will be at a minimum. Dry logs and 
logs kept moist in water will be tested for 
their effectiveness in reducing turbidity 
in basin discharge. 

Following this year's work, 
McLaughlin plans to test more brands of 
PAM logs, to test other forms of PAM as 
well as a possible delivery system, and to 
test a filter bag that may have the 
potential to replace small sediment traps. 

A Systematic Evaluation of Polyacryla
mide for Sediment and Turbidity Control 
(70196) 
Richard A. McLaughlin, Department of 
Soil Science, NC State University 
Mar 1, 2002, to Feb 28, 2003 
Funded by WRRI and 
the U.S. Geological Survey 
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Integrating surface and groundwater use continued 

2002, communities within the 
CCPCUA will be required to 
reduce their groundwater with
drawals by as much as 75% over 
the next 16 years. Surface water 
sources (the Neuse, Tar-Pamlico, 
and Roanoke rivers) are available, 
but treatment and distribution of 
surface water is more expensive 
than that of groundwater and will 
entail a considerable amount of 
new capital spending. 

c=J Saltwater Intrusion 
~ Region of dewater1ng 
c=J Area of mlnlmun drawdown 
~ Total area of drawdown 
~CUA#1 

s 

The Central Coastal Plain Capacity Use Area includes 
Craven, Duplin, Edgecombe, Greene, Jones, Lenoir, 

based on relationships that describe the 
effects of increasing scale on the 
capital, operations, and mainte
nance costs of water supply 
systems, including (1) raw water 
acquisition, (2) water treatment, 
and (3) finished water transmis
sion and distribution. Results will 
yield information on the costs of 
switching a water system from 
groundwater to surface water, or a 
combination of both. 

The model will also evaluate 
the minimum costs of water 
supply for individual communities 
based on specification of available 
water sources. It will be further 
developed to accommodate the 
consideration of regional treat
ment facilities serving multiple 
communities from multiple water 
sources. Finally, the model will 
generate minimum cost scenarios 
through the specification of 

A number of researchers 
have investigated methods of 
balancing surface and groundwater 
utilization through "conjunctive 
use" programs; however, these 
studies have focused primarily on 
maximizing the availability of raw, 
untreated water. Such studies have 
not taken the next step and evalu
ated the expenditures associated 
with actually delivering treated 
water to end users. As a result, 
previous analyses have not 
incorporated the vastly different 
costs of treating surface and 
groundwater and have often 
neglected to consider variations in 
transport costs arising from the use 
of firmly located (surface water) 
versus spatially diffuse (groundwa-

Martin Onslow, Pitt, Wayne, Wilson, Washington, Beaufort, 
Pamlico and Carteret counties. Reductions in groundwater 
withdrawals from the Cretaceous Aquifers will occur in 
three phases over a 16-year period. Users whose wells are 
not within the dewatering and saltwater intrusion zones, 
must reduce withdrawals by 10% of their base rate by the 
end of each phase for a total 30% reduction. Users within 
the dewatering and/or saltwater intrusion zones, must 
show a 25% decrease in usage from their base rate after 
each phase, for a 75% total reduction. 

optimal combinations of water 
source, treatment technology, 
facility capacity, and facility 
location. A central theme in the 
model development will be the 
antagonism between the increas
ing returns to scale exhibited by 
treatment facilities and the 
decreasing returns to scale in 
water distribution. These results 
will provide policymakers with ter) sources. 

Within the CCPCUA, an under
standing of these cost tradeoffs will be 
critical as policy makers seek to make 
choices related to how and where surface 
water resources are developed, as well as 
how the remaining groundwater capacity 
could be allocated. The nature of these 
choices will have a considerable eco
nomic impact on the one million inhabit
ants of the CCPCUA as they comply with 
the regulatory decision to reduce 
groundwater pumping. 

Although generally more costly 
than groundwater treatment, surface 
water treatment exhibits considerable 
economies of scale. This suggests that 
the regional costs of compliance with 
pumping restrictions could be reduced by 
allocating a greater fraction of the 

remaining groundwater pumping capacity 
to smaller communities. However, this 
simple assertion obscures the more 
complex nature of the choices to be made. 
The cost of treatment facilities is highly 
dependent on the types of technology 
employed (as governed by source water 
quality and regulatory standards), the 
distance between the source water and 
end use, and the size of the community (or 
communities) that the system is designed 
to serve. 

In this project, Dr. Gregory 
Characklis ofUNC-Chapel Hill and his 
graduate assistant Brian Kirsch will 
construct a model reflecting all these 
associated costs and apply, calibrate, and 
verify the model for selected test areas 
with the CCPCUA. The model will be 

critical information on the relative costs 
of varied approaches to integrating 
surface and groundwater use throughout 
the CCPCUA, as well as insights into 
opportunities for reducing the costs of 
implementation. 

Reduced Cost Strategies for Regional 
Integration of Surface and Ground
water Use (70195) 
Gregory W. Characklis, Department of 
Environmental Sciences and Engineer
ing, UNC-Chapel Hill 
Mar 1, 2002,to Feb 28, 2003 
Funded by WRRI and the U.S. Geologi
cal Survey 
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New research 

Project will investigate effectiveness of riparian buffers in 
Piedmont and Blue Ridge regions 
Research has shown that riparian buffers 
are effective in controlling nitrogen, 
suspended sediment and, to some degree, 
phosphorus inputs to surface waters. 
Riparian buffers are now required in the 
Neuse and Tar-Pamlico River Basins in 

the eastern Piedmont and Coastal Plain 
physiographic regions. However, most 
local hydrologic and biogeochemical 
investigations of riparian buffer func
tions have been carried out in the 

eastern region of 

UNC-Charlotte earth sciences senior Tommy Bolyard 
operates the family-owned drilling rig. 

North Carolina, and 
vegetations, soils and 
subsurface geologic 
and hydrological 
conditions of the near 
stream zone differ 
markedly between the 
eastern and western 
regions of the state. 
Because subsurface 
conditions and 
vegetation vary, 
hydrological flow 
paths, nutrient uptake, 
biological attenuation, 

Agricultural and environmental science classes from Brevard High School visit Dr. 
Craig Allan s research site near the high school to observe installation of the 
groundwater monitoring system and hear a brief introduction to the project by Dr. 
Allan. 

Dr. Craig Allan installs a drive point 
piezometer at the Blue Ridge site near 
Brevard. 

and, therefore, riparian zone function are 
likely to vary as well. Moreover, little 
research has been done on the effective
ness of riparian buffers in controlling the 
transport of biological pollutants such as 
fecal coliform. 

In this project, Drs. Craig Allan 
and Jy Wu ofUNC-Charlotte will assess 
the effectiveness of vegetated riparian 
buffers in controlling the export of 
nitrogen, phosphorus, suspended sedi
ment, and fecal coliform bacteria from 
agricultural operations to surface waters 
in the western Piedmont and Blue Ridge 
regions of North Carolina. 

They will instrument and monitor 
two sites, one at Kiser Branch in the 
Catawba River Basin in Gaston County 
(southwestern Piedmont) and one at 

continued page 6 



6 .:. WRRI 2002 - 2003 Annual Program 

Continuing research 

Comparison of compact new urban and conventional 
suburban development moves into second phase 
Streams in rapidly urbanizing areas 
throughout North Carolina are degraded 
due to the rapid expansion of conven
tionallow-density development (3-4 
dwelling units per acre or less). This 
development pattern dominates the 
landscape, converting vast expanses of 
open space into roads, parking lots, 
roofs, and driveways. These impervious 
surfaces generate polluted runoff that is 
recognized as a major cause of water 
quality degradation. Low-density 
development also alters the hydrology of 
watersheds, which causes increased 
runoff and downstream flooding, reduced 
stream base flows, habitat loss, and 
reduced potential for recovery of aquatic 
ecosystems. 

Compact new urban forms have 
been touted as a more environmentally 
sustainable form of development. 
Compared to low-density sprawl, 
compact development patterns (8 
dwelling units or more per acre) consume 

less open space and produce less 
impervious area. Compact development 
has also been widely recognized as more 
supportive of conservation goals, 
including water quality protection and 
flood mitigation. 

The compact development concept 
has drawn increasing attention from land 
use and environmental policy makers. 
Watershed plans for some river basins in 
North Carolina include policies that 
promote compact development as part of 
comprehensive management strategies to 
achieve a 30% reduction in nitrogen 
inputs. Since the mid-1990s, Maryland, 
New Jersey, and Tennessee have adopted 
"smart growth" legislation that requires 
local governments to alter development 
practices dominated by low-density 
sprawl and create more compact forms. 
A growing number of local governments 
in North Carolina (Apex, Cashiers, 
Chapel Hill, Charlotte, Davidson, and 
Huntersville) are experimenting with 

Piedmont and Blue Ridge buffers continued 

Nicholson Creek in Transylvania County 
in the French Broad River Basin (Blue 
Ridge). Both streams were channelized 
many years ago, and most riparian 
vegetation was removed. Both were used 
as a water supply for cattle but have 
recently undergone restoration efforts. 
Cattle have been fenced out and trees 
have been planted. Kiser Branch was 
examined in the recently completed Long 
Creek US EPA 319 project. 

The investigators will install two 
transects of groundwater wells and 
piezometers from field edge to the center 
of the stream at each site. Transects will 
be sited at areas representative of average 
slope, width and vegetative cover at each 
site. Three surface flow samplers will be 
installed along each transect and surface 
flow will be sampled in order to quantify 
surface flow inputs to the streamside 

buffer and to monitor the attenuation of 
pollutants as they pass through the buffer. 

Stream flow through the research 
sites and weather conditions at the sites 
will be recorded continuously. Water 
samples will be taken continuously above 
and below the sites. Five to ten storm 
events will be monitored at each site. All 
water samples will be analyzed for 
nitrates, ammonium, total Kjeldahl 
nitrogen, total phosphorus, total sus
pended solids, and fecal coliform. 

Piezometer nests will be installed 
at various locations and depths along 
each transect. Monitoring wells will be 
used to record water table position along 
each transect. Hydraulic conductivity 
will be determined and water samples for 
chemical and bacteriological analyses 
will be withdrawn from the various 

continued page 11 

specific plans, policies, codes, and 
development standards that promote 
compact development. 

Despite the growing attention given 
to compact development, there is little 
empirical evidence regarding the extent 
to which it can mitigate water quality and 
quantity impacts and how it can be 
integrated into local plans and regula
tions. In this project, Dr. Philip R. Berke 
ofUNC-Chapel Hill has set out to 
document how well stormwater impact 
mitigation measures are integrated into 
the design of compact new urban and 
conventional low-density developments 
and compare the relative impacts of these 
two urban forms on water quality and 
quantity. The project is now entering its 
second phase. 

In the first year of the project, 
Berke and his co-investigators developed 
and completed a survey of compact and 
conventional low-density developments 
in the southeastern United States (Geor
gia, Maryland, North Carolina, South 
Carolina, and Virginia). The surveys 
collected data on how each of 100 
developments addressed sensitive open 
space protection and restoration, riparian 
buffer protection, techniques for reducing 
impervious cover, treatment of 
stormwater runoff through landscaping, 
and treatment of stormwater runoff 
through best management practices, as 
well as the capacity and commitment of 
the local agency to monitor and enforce 
development regulations. The survey 
revealed that: 

• Compact projects protect environmen
tally sensitive areas that provide 
natural detention and filtration 
functions significantly more than 
conventional developments. 

• Compact developments are signifi
cantly more effective in reducing 
impervious coverage of streets, 



• 

• 
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New urban development-with 4 or more dwelling units per acre, short setbacks from streets, narrow, pedestrian-friendly streets, and 
mixed land uses-is said to be more environmentally sustainable than low-density development. 

driveways and parking lots than 
conventional developments . 

• There are no significant differences 
between compact and conventional 
developments in the extent to which 
each establishes buffer protection 
networks and uses BMPs like deten
tion and infiltration basins. 

• Compact developments protect and 
replace natural vegetation signifi
cantly more than conventional 
developments and landscape streets in 
ways that encourage stormwater 
detention and infiltration somewhat 
more than conventional developments. 

Also in the first year, in-depth case 
studies-including field visits-of six 
compact projects drawn from the 50 
surveyed were conducted. The physical 
design and land use planning features of 
each project are being analyzed to assess 
how well each case integrates stormwater 

impact mitigation techniques involving 
the built and natural environment. 

In the second phase of the study, 
investigators will complete tasks aimed 
at designing development scenarios 
(based on information collected in the 
survey), applying the scenarios to a 
demonstration sub-basin threatened by 
urbanization, and comparing the results. 
They have selected a sub-basin of Lake 
Ellen in Chapel Hill for the demonstra
tion and are in the process of performing 
a watershed analysis of the sub-basin. 
Three site plans will be modeled for the 
sub-basin: a traditional low-density, 
single family home development; a "new 
urban" compact site plan, and a low
impact site plan linked to a watershed 
assessment using hydrologic analysis. 
Inputs to the SWMM model for each site 
plan will be developed and the model 
will be run to assess the effects of each 
site plan on peak flows, total volume, 

time of concentration, and nutrient 
loading. 

At the end of the project, the 
investigators expect to do extensive 
information transfer, including a website 
demonstrating estimated runoff impacts 
of both compact and conventional low
density scenarios. 

Water Quality and Quantity Impa.cts of 
Urban Form: A Comparative Analysis of 
Compact and Low-Density Develop
ments (70200) 
Philip R. Berke, Rhonda Marie Ryznar, 
and Joseph A. MacDonald, Department 
of City and Regional Planning, UNC
Chapel Hill and Daniel E. Line, Nancy 
M. White, Michael V. Holmes, and Kat 
Oury, NC State University 
May 1, 2002, to Apr 30, 2003 
Funded by WRRI 
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New research 

Study seeks to discover how vegetated filter zones 
trap and cycle phosphorus 
Research has shown that vegetated 
(grassed and forested) filter zones can be 
very effective in retaining nutrients and 
suspended sediments in agricultural 
runoff when flow is dispersed along the 
length of the zone. Without effective 
flow dispersion, vegetated filter zones 
trap only courser sands and silts, while 
fine materials of high specific surface 
area can reach streams or at least are 
carried deeper into the filter zone where 
they are more easily transported later to 
surface waters or where pesticides and 
nutrients such as phosphorus can be 
desorbed and transported. Research by 
Drs. E. Carlyle Franklin, Dennis W. 
Hazel, and Wayne P. Robarge at NC 
State University, has also shown that 
sediment and nutrients tend to be 
detained largely during summer and fall 
months when concentrations and gravi
metric loading are often the highest. The 
investigators found that winter and early 
spring storms are often net export events, 
with nutrients and sediments being 
released from vegetated filter zones in 
low concentrations in long and relatively 
low-flow-rate events. 

Surveys have revealed that most 
agricultural fields have accumulated 
excess phosphorus. Over the last decade, 
research has produced significant 
evidence that phosphorus can be deliv
ered from some agricultural fields in 
quantities sufficient to cause eutrophica
tion in freshwaters. 

Most of the phosphate in agricul
tural runoff adsorbs to suspended 
sediments that are eroded from fields 
during high precipitation events. It is 
well known that bioavailable particulate 
phosphorus (phosphorus bound to 
transported soil solids yet available to 
support plant growth) composes 10% to 
90% of the total particulate phosphorus 
transported in runoff. Phosphorus 
transported into and retained in vegetated 
filter zones will be incorporated into 
various nutrient cycling processes. This 

An H-jlume channels runoff from a tobacco field to a sampling station. After being 
sampled, runoff is dispersed over the grassed filter zone, then captured and sampled 
again before being routed to a forested filter zone. 

results in the retention of varying 
portions of phosphorus within the 
vegetation of the filter zone and transfor
mations within the soil among inorganic 
and organic forms. These transformations 
of soil phosphorus have a significant 
impact on amounts of particulate 
bioavailable phosphorus eventually 
transported from the vegetated filter 
zone. Because previous research on 
vegetated filter zones has examined only 
total suspended solids and total phospho
rus moving into and out of these zones, 
the investigators say it is now important 
to examine what soil fractions and what 
forms of phosphorus are retained in 
vegetated filter zones and what is 
happening to retained phosphorus. 

In this study, the investigators will 
estimate soil particle size distributions as 
well as the amount ofbioavailable 
phosphorus and size of individual 
inorganic and organic phosphorus 
fractions in runoff entering and leaving 
grassed and forested filter zones to study 
the relative effectiveness of the two 
vegetation types. Flow will be dispersed 
over the grassed and forested filter zones 
because dispersion is now recommended 
or required under most BMPs. The 

estimate ofbioavailable phosphorus 
leaving the vegetated filter zones will 
provide information of immediate 
relevance to water quality of receiving 
streams. Information on the fractionation 
of phosphorus within the particulate 
phase will provide an indication of 
remobilization and release of phosphorus 
from the vegetated filter zones through 
nutrient cycling. One of the objectives of 
the project is to demonstrate a phospho
rus fractionation procedure that can be 
applied successfully across nearly all 
soils within North Carolina and used to 
characterize soils and runoff sediments 
for designing forest buffer zones. 
Sediment phosphorus will be fractionated 
into 5 inorganic pools, 3 organic pools, 
and one residual pool. 

The research will be conducted on 
two instrumented watersheds at the 
Oxford Tobacco Research Station in 
Granville County. The watersheds 
include fields, bordered by grassed 
zones, adjacent to forest. On the grassed 
zones, the level spreaders consist of 
shaped berms and trenches vegetated 
with grass. On the forested zones, the 
level spreaders consist of wooden 

continued 
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New research 

Study will develop method for high resolution mapping 
of land use and land cover 
A challenging element of watershed 

assessment and management is getting 

up-do-date, accurate land use and land 
cover (LU/LC) data. Many researchers 

have attempted to provide high quality 

estimates of the amounts and locations of 

the various LU/LC types in areas affected 

by nonpoint source pollution. Many past 

studies that related LU/LC to water 

quality have been based on field sam

pling efforts. The sampled data are 

collected and analyzed, and statistical 
methods are used in a "bottom up" 
procedure to extrapolate the network of 

sample points to the water quality of the 

watershed as a whole. The success of 

these studies has been limited because it 
has been very difficult to isolate particu

lar sources of sedimentation or nutrients. 

As a result the field measurements have 

large confidence intervals associated 

with them, and so the overall estimates 

are imprecise. 
Other researchers have attempted 

"top down" studies in which LU/LC 

information and topographical data for 

the watershed are used to make water 
quality predictions. Remote sensing data 

are well suited for acquiring the LU/LC 

data in these studies. Once again, 

however, success has been limited 
because the sensor technology was not 
sufficiently advanced to discriminate the 
very detailed classes required for water 

quality-related analyses. The ability to 

assess and monitor land use activities 
over time with a high degree of resolu

tion and accuracy would greatly improve 

the effectiveness of watershed assess

ment, hydrologic and water quality 

modeling, and the implementation of 

land use management programs for water 

quality protection and restoration. 

In this study, the investigators will 

develop procedures that will characterize 

and map stream riparian buffer zones and 

provide highly detailed classification and 
mapping of land use and land cover in 

adjacent areas based on one-meter 

resolution satellite data. The mapping 

will be done using IKONOS satellite 

data. 
The study watershed will be a 

subset of the 0302020 Hydrologic Unit 

Code in the Neuse River Basin. Currently 

available LU/LC data for this watershed 

was based on Landsat TM of 30-meter 

resolution. The IKONOS satellite 

collects four-meter multispectral data vs. 

Landsat's 30-meter data, and one-meter 
panchromatic data vs. Landsat's I5-meter 

data. The IKONOS data will be inte

grated with existing GIS layers and other 

ancillary data sources to form a spatial 

information system that will be used to 
characterize buffer zones, map the LUI 
LC in the study area, conduct detailed 
LU/LC change analysis in the study area, 

Vegetated filter zones continued 

troughs which overflow to disperse 
runoff over the width of the zone. H

flumes and automatic water samples are 

located above the grassed and forested 

zones and in the lower portion of the 

forested zone. Sample sizes must be 

quite large (up to 24 liters per gage house 

per event) to obtain enough sediment to 

fractionate. The investigators expect to 

show that dispersing flow affects the size 
sediments and forms of phosphorus 

exported. Dr. Robarge will conduct the 

chemical analyses in the Analytical 

Service Laboratory of the NCSU 
Department of Soil Science. 

The results of the study are 
expected to clarify the effect that 

dispersal of runoff has on soil fractions 

deposited in vegetated filter zones and 

provide a better understanding of the 

effects that dispersion and vegetation 

management have on distributions of 
phosphorus among organic and inorganic 

pools cycling in and leaving vegetated 

filter zones. This knowledge will 

and make recommendations for the use 
of the developed procedures in other 

fields such as stream sedimentation 

studies, forest logging monitoring, and 

urbanization studies. The resolution and 

accuracy of the proposed LUILC 

assessment methodology will be good 

enough to evaluate the degree of imple

mentation of streamside management 

zones and riparian buffer rules. Among 

the technology transfer efforts associated 
with the study will be a publicly acces

sible website. 
This study is intended to be a pilot 

for a larger multi-institutional project in 

which NC State University, the U.S. 
EPA, the U.S. Geological Survey, and the 

N.C. Division of Water Quality collabo

rate to develop a spatial information 

system that can be used for monitoring 

high priority watersheds with imperiled 

streams statewide. 

One-Meter Resolution Mapping and 
Monitoring of Stream Riparian Buffer 
Zones and Adjacent Land Use and Land 
Cover (70197) 

Dr. Siamak Khorram, Center for Earth 

Observation, and Dr. James D. Gregory, 

Department of Forestry, NC State 

University 
Mar 1,2002, to Feb 28,2002 
Funded by WRRI 

facilitate better management of vegetated 
filter zones for water quality protection. 

Detention and Export of Phosphorus and 
Sediment in Vegetated Piedmont Filter 
Zones Bordering Agricultural Fields 
(70198) 

Drs. E. Carlyle Franklin and Dennis W. 

Hazel, Department of Forestry, and Dr. 
Wayne P. Robarge, Department of Soil 

Science, NC State University 
Jun 1, 2002, to May 31, 2003 

Funded by WRRI 
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New research 

Research investigates potential effects of nitrogen reduction 
on freshwater areas of the Neuse River 
In 1997, the N.C. 
Environmental Manage
ment Commission 
adopted a set of rules 

aimed at reducing by 
30% the amount of 
nitrogen delivered to the 
Neuse River Estuary. The 
nitrogen reduction was 
mandated in an effort to 
address problems with 
algae blooms and fish 
kills in the mesohaline 
estuary. However, little 
attention has been given 
to the effect that nitrogen 

reduction and the 
accompanying change in 
the ratio of nitrogen to 
phosphorus (N :P) might 

Undergraduate student assistant Marsha Fisher collects samples from nutrient dilution mesocosms 
incubated in Botany Pond on the UNC-Chapel Hill campus. 

have in the upstream 
freshwater section of the river. 

There is evidence that lowering the 
N:P ratio in freshwaters can change the 
composition of the phytoplankton 

community and lead to nuisance blooms 
of Cyanobacteria (often called blue-green 
algae) and dinoflagellates. Cyano
bacterial blooms in the Chowan River in 
late summer lend credence to the 
hypothesis that conditions oflow-flow, 
sluggishness, high temperature, high pH, 
and low CO

2 
could lead to Cyano

bacterial blooms in similar North 
Carolina rivers with low N:P ratios. 

In this project, Dr. Stephen C. 

Whalen ofUNC-Chapel Hill will use 
nutrient dilution bioassays to investigate 
whether a 30% reduction in nitrogen 

might trigger blooms of blue-green algae 

in freshwater portions of the Neuse 

River. 
Phytoplankton in highly eutrophic 

waters are saturated with respect to 
nutritional requirements, and other 
factors such as photosynthetically active 
radiation are more important in determin
ing the growth response and community 

composition. Regional data suggest that 
freshwater reaches of the Neuse River 
contain nutrients in excess of phy
toplankton demand in the current light 
regime of the river. However, thresholds 
for Nor P limitation in the Neuse River 
are unknown. Nutrient dilution bioassays 
are capable of identifying the effective 
dilution point (threshold) at which 
nutrient reduction negatively impacts 
phytoplankton growth and can help 
identify variations in sensitivity of the 
community to incremental removal of 
individual nutrients or combinations of 

nutrients. 
U sing river water collected 

northeast of Fort Barnwell, Whalen will 

conduct nutrient dilution experiments 
one time during the months of April, 
June, August and October 2002. To the 
river water he will add solutions that will 
accomplish overall dilutions of 15%, 
30% and 45%, phosphorus reduction of 

15%, 30% and 45%, and nitrogen 
reduction of 15%, 30% and 45%. 
Triplicate samples for each treatment will 
be incubated for 15 days in tubes 

suspended in Botany Pond on the UNC 
campus. River mixing will be simulated 
to provide the changing light field that is 
a strong determinant of productivity and 
COmniunity composition. 

Duplicate samples will be with
drawn from each microcosm at 5, 10, 
and 15 days for analysis of chlorophyll a 
and phytoplankton primary production. 
At the end of the experiment on day 15, 
a single sample will be collected from 
each microcosm for diagnostic pigment 
analysis. In September, when flow is 
usually lowest in the Neuse, mixing will 

be halted to create a stable water column 
and each microcosm will be inoculated 
with Cyanobacteria obtained from an 
isolated embayment or bottomland 

adjoining the Neuse sample site. 
Phytoplankton species will be identified 
and quantified in any microcosm 
showing bloom development. 

Through these experiments 
Whalen expects to identify a threshold 
for each nutrient where removal be
comes effective, identify the nutrient for 
which removal will have the most 



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

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

Piedmont and Blue Ridge buffers 
continued 

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

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

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

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

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

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

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

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

Tracking Drought Impact on Managed and Unmanaged 
Ecosystems of North Carolina (70188) Lawrence E. Band 
and Aaron Moody, Department of Geography, UNC-Chapel 
Hill (Jun 1, 2001, to Feb 28, 2003) Funded by WRRI. The 
investigators continue development of the Surface Drought 
Stress Index and watershed simulations to augment standard 
drought indicators to provide better indicators of drought 
status and recovery. 
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The North Carolina Water Quality Workgroup 
In 1999, the N.C. General Assembly established the North 
Carolina Water Quality Workgroup to "identify the scientific 
and State agency databases that can be used to formulate public 
policy regarding the State's water quality, evaluate those 
databases to determine the information gaps ... , and establish 
priorities for obtaining information lacking in those databases." 

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

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

The following projects were funded under the first cycle: 

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

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

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

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

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

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

The following projects were funded under the second cycle: 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

continued page 14 
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Urban Water Consortium 
continued 

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

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

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

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

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

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

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

Other Continuing Projects 

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

ment in Urban Streams" 
Dr. Anne E. Hershey 

UNC-Greensboro 

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

Nonpoint Pollution from Piedmont 
Tobacco Fields" 

Dr. E. Carlyle Franklin 
NC State University 

STUDENT 
INTERNSHIPS 

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

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

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

• U.S. Geological Survey 

• N.C. Division of Soil and Water 
Conservation 

November 26, 2002 
"Predicting Long-Term Wetland 

Hydrology Using 
Hydric Soil Field Indicators" 

Dr. Michael J. Vepraskas 
NC State University 

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

Environmental Evaluation of 
Alternatives for Animal Waste 

Management in North Carolina" 
Dr. Michael R. Overcash 

NC State University 

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

Microbial and Chemical 
Contaminants" 

Dr. Karl G. Linden 
Duke University 

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

Water Reuse Regulations" 
Dr. Helene A. Hilger 

UNC-Charlotte 

April 22, 2003, Archdale 
"Using Natural and Landscaped 

Buffers to Reduce Pollution Load
ing from Agricultural Runofr' 

Dr. Richard A. McLaughlin 
NC State University 

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

New Tools for Water Quality 
Assessment" 

Dr. Parke A. Rublee 
UNC-Greensboro 

2002 - 2003 
WORKSHOPS AND CONFERENCES 

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

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

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

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

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

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


