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by Rhett Register

Annual 
Conference
marks 50 years
of NC WRRI

The 17th annual Water Resources Re-
search Institute conference and 12th 
annual NC Water Resources Associa-
tion Symposium featured water-fo-
cused discussions highlighting recent 
research advances and technology 
applications in water management.

The conference also celebrated 
50 years of WRRI providing science, 
education and engagement opportu-
nities that address North Carolina’s 
priority water resource needs. 

“This anniversary is not only a 
time to celebrate our accomplish-
ments, but also is an opportunity to 
critically reflect on the WRRI's in-
vestments and to strategically plan for 
the future,” said Susan White, WRRI 
executive director. 

White noted that WRRI has 
evolved over time to meet research, 
education and outreach needs in the 
state. The success of this evolution 
was highlighted in a recent 2014 
USGS review and by the NCSU 
Board of Trustees’ reauthorization of 
the water institute in 2015.

“WRRI will continue to evolve to 
meet the needs of this state,” White 
said, inviting attendees to provide 
feedback on what WRRI's priorities 
should be into the future. “These 
ideas will feed directly into the de-
velopment of our new strategic plan 
and help ensure that our next 50 years 
are as successful as the last 50 have 
been.”
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Susan White, director of WRRI and NC 
Sea Grant, gives the opening address at 
the WRRI Annual Conference.

The keynote presentations beginning 
each day of this year’s annual confer-
ence were two parts of a collabora-
tive, combined message the speakers 
called “water and health at the cross-
roads.” Together they illustrated the 
ways in which water is fundamental 
to the public, economic and environ-
mental health of the state. 

On day one, Bill Ross, secretary 

of North Carolina Department of 
Environment and Natural Resources 
from 2001 to 2009 and an attorney 
specializing in green growth and 
sustainability, dove into the ways 
well-managed water resources benefit 
public and economic health. He 
stressed that gains made in man-
agement and conservation of water 
resources over the last 50 years must 
be maintained and that healthy water-
ways should remain a priority for the 
state.

“The road ahead will be as de-
manding as the road behind, and the 
state’s commitment to clean streams 
must continue,” Ross said quoting 
WRRI’s first director, David Howells. 

Ross referenced Howells’ 1990 
book, Quest for Clean Streams in 
North Carolina: An historical ac-
count of stream pollution control in 
North Carolina, to provide a history 
of North Carolina’s water resource 
management in the 19th and early 
part of the 20th centuries. 

“‘Bad wells, foul yards, privies 
and cesspools were the common lot 
of rural and urban North Carolinians 
in the last of the 19th century,’” he 
read. 
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A 1911 Board of Health survey 
of municipal sanitation showed that 
while 90 percent of Asheville resi-
dents were on public sewer, only 35 
percent of Raleigh residents and 33 
percent of Charlotte residents were.

In 1923, a survey of rural families 
showed that none of the 175 tenant 
farmers surveyed had running water 
and only eight had a privy — “even 
an outdoor one.”

Cholera pandemics swept across 
North Carolina and the nation killing 
many thousands, Ross continued. 

In 1937, the state planning board 
on water resources said that the use 
of streams to dispose of waste from 
homes and industry, combined with 
soil erosion, had made many streams 
in the state unfit for other uses and 
often dangerous. 

In 1945, he said, stream pollution 
was recognized as the single most 
important problem facing the state. 

“The rivers of our childhood 
could often be smelled before they 
were seen because they carried all the 
wastes of towns and sewers and in-
dustries that lay upstream,” Ross said. 
“The Haw River, just a few miles 
west of Chapel Hill, was famous for 
stretches that were declared dead and 
essentially devoid of life as late as the 
1960s.” 

It was against this backdrop that 
federal and state legislation began to 
appear in the 1950s and 60s to combat 
water pollution, Ross said. These 
eventually lead to the 1972 Clean 
Water Act and accompanying state 
legislation. 

It was during this time, as the 
nation began to focus on addressing 
water issues, that WRRI was created. 

In the 50 years since WRRI was 
established much has changed. “The 
water resources of the state have been 
managed successfully — not perfectly 
— but successfully,” Ross said.

Conference continued from page 1

“Water and sanitation in almost 
every home, water-borne epidem-
ics a thing of the past, today’s Haw 
River a place to paddle and enjoy, not 
avoid. Our water and sanitation in-
frastructure has allowed the Triangle 
and other urban areas of the state to 
prosper economically, socially and 
intellectually,” he continued. 

Ross attributed these successes to 
leadership, innovation and collabora-
tion. 

Leadership 
“We in North Carolina have been 
blessed to have some excellent lead-
ers over these 50 years in the field of 
water resource management,” Ross 
said.

He cited governors Bob Scott, 
Jim Holshouser, Jim Hunt, Mike Eas-
ley and legislators Marc Basnight and 
Joe Hackney as examples of leaders 
in government that championed key 
conservation and protection initia-
tives. He pointed to past WRRI direc-
tors Dave Howells and Dave Moreau, 
as well as long-time WRRI collabora-
tor Milton Heath, as examples of key 
water resource management leaders 
that came from universities. 

Ross also lauded the multitude of 
agency officials and people in public 
and private settings that have fought 
for clean water as “unsung heroes.”

Bill Ross was the keynote speaker for day 
one of the annual conference.

http://www.ncsu.edu/wrri/
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Innovation 
The state has made many innovative 
economic investments in clean water 
management, Ross continued. Ex-
amples include the 1987 Clean Water 
State Revolving Fund, the Clean Water 
Management Trust Fund (created by 
the N.C. General Assembly in 1996), 
the 1998 clean water bonds, and the 
recently created Division of Water 
Infrastructure.

North Carolina has also pursued 
innovative, and sometimes contro-
versial, water resource planning, such 
as basin-wide planning, comprehen-
sive simulation modeling of basins, 
interbasin transfers, and basin-wide 
buffer protection requirements. Ross 
noted the application of the state’s 
1967 Capacity Use Act that is used 
to protect threatened aquifers in the 
coastal parts of the state by regulat-
ing large groundwater withdrawals in 
a specially designated central coastal 
plain capacity-use area. 

Collaboration
and partnership
North Carolina’s water story is also 
one of collaboration and partnership, 
Ross said. He cited the Drought Man-
agement Advisory Council as serving 
the state well during recent droughts 
and providing a model for other states 
in the Southeast.

The Coastal Habitat Protection 
Plan brings the three commissions 
with regulatory authority in the coastal 
zone together to coordinate, integrate 
and focus their efforts on priority 
objectives in what Ross described as a 
“silo-busting kind of idea.”

 “WRRI is a great example of a 
collaboration that brings our universi-
ties and state government agencies 
together, as well as other partners, 
to work on important water-related 

issues,” Ross said. “The institute, as 
I’ve said before, has made effective, 
practical contributions to water man-
agement over its 50 year life here in 
North Carolina.”

Echoing Howell’s assertion that 
the road ahead will be as demand-
ing as the road behind, Ross listed 7 
water-resource issues that he sees as 
future challenges to the protection and 
management of water resources in the 
state. 

 �  How do we maintain the progress 
we’ve made in water control and 
management? 

 �  How do we deal with the “war on 
science”? What’s causing reason-
able people to doubt science?

 �  How do we respond more effec-
tively to the challenge of climate 
change?

 �  How do we plan and prepare for 
the southern urban footprint to 
double or triple?

 �  How do we understand and re-
spond to ocean acidification?

 �  How do we respond to the loss of 
biodiversity and the sixth extinc-
tion event that we seem to be going 
through? 

 �  How do we deal effectively with 
issues at the intersection of energy 
and the environment? 
“Against a background of sig-

nificant progress, new understanding, 
mounting damage, increasing risk and 
more complex problems, we find our-
selves at a crossroads,” Ross said in 
conclusion. “There is a fierce urgency 
to this moment in the life of our state. 
It is similar in a way to when our state 
recognized stream pollution as its 
most important problem.” 

Ending with Frost’s poem, The 
Road Not Taken, Ross once again 
echoed Howells, who in the introduc-
tion to his book, urges state and local 

officials to choose a different path and 
take the steps necessary to preserve 
high quality sources of public water 
supply.

TOM EARNHARDT
On the second day of the conference, 
Tom Earnhardt, a former law professor 
and current host of UNC-TV’s Explor-
ing North Carolina, gave an overview 
of the vital role water plays in North 
Carolina’s diverse ecosystems.

“The thing I want you to do this 
morning is to think about your story 
with water,” he said. “What brought 
you here today? You are here because 
of your relationship with water… you 
may be a water manager but you are 
also a steward and you have an incred-
ible obligation to the entire watery 
system in which we live.”

To illustrate the biodiversity of 
the “watery system,” Earnhardt shared 
a trove of striking photos that he had 
taken or collected showing notable 
examples of the state’s flora and fauna. 
“We live in nature’s sweet spot,” he 
said.

Earnhardt explained the unique 
geographic, ecological and climatic 
features of the state and the role that 
water plays in all of them. North 
Carolina’s 17 river basins — many 
beginning at some of the highest 
mountains on the East Coast — all 
receive more than 40 inches of rain a 
year, he noted. Brownwater rivers start 
in the Piedmont and the mountains and 

Tom Earnhardt gave the keynote address 
at the annual conference on day two.

Conference continued from page 2

continued on page 4
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blackwater rivers begin in the coastal 
plain. “The mixing of these,” he said, 
make “magnificent marshes.” North 
Carolina, he continued, is both the 
southern- and northern-most range for 
many species due, in part, to the colli-
sion offshore of the Labrador Current 
and the Gulf Stream.

A theme Earnhardt kept returning 
to is the exceptional biodiversity of the 
state. Describing a lesson he received 
from coastal and marine geologist 
Stan Riggs regarding the prehistoric 
movements of glaciers, Earnhardt said, 
“these things would come down and 
sweep the landscape. North Caro-
lina never got swept. We never got 
bulldozed. Our biodiversity basically 
remained intact and we became the 
nursery for the East Coast.” 

In conclusion, Earnhardt noted 
North Carolina’s global role. “We are 
connected to the rest of the world,” he 
said. “It’s not just North Carolina, it’s 
an entire connected ecosystem and you 
in your work are stewards of this in-
credible system. If you work in water, 
you also work in biodiversity. If you 
work in water you are a steward.”

Conference continued from page 3 subtracting authorized consumption 
and apparent losses — such as meter 
inaccuracies, data handling errors and 
unauthorized consumption — from 
system input. It calls for 10 water 
volume inputs and seven system data 
inputs and provides defaults based on 
industry surveys and expert opinion for 
a number of factors for which system-
specific data may be unavailable. It 
allows the user to quantify and find 
the cost of the system’s water loss and 
provides a “validity score” that indicates 
how much confidence the user can place 
in the analysis based on the extent of 
system-specific data provided and the 
confidence in that data. The software 
also provides graphic output that helps 
visually identify areas for improvement. 
To learn more, visit www.awwa.org/
home/awwa-news-details/articleid/2641/
awwa-free-water-audit-software-
version-5-0-now-available.aspx. 

Tory Wagoner introduced a 
complement to the water-loss auditing 
software — WRF’s Real Loss 
Component Analysis tool. Wagoner 
said that the common approach to 
leakage control is reactive — that is 
repairing observable leaks — when 
other strategies might yield more 
economical results. He said that once a 
system’s real water loss, or leakage, has 
been determined, the leakage analysis 
tool can be used to break that volume 
of water down into three components: 
reported losses, such as main failures; 
background leakage, which is a function 
of the age of the system; and unreported 
failures. The tool can then be used to 
apply least-cost reduction strategies to 
calculate how much of each leakage 
component can be economically reduced 
through the right combination of 
leakage control measures. The tool then 
produces a display of key water-loss 
performance indicators that a system 
can use to benchmark its progress 
year-to-year. It can be downloaded 
at www.waterrf.org/resources/pages/
PublicWebTools-detail.aspx?ItemID=27.

Water-loss auditing
by Jeri Gray
This year’s annual conference featured a 
new series of participatory sessions that 
blended panel discussions with audience 
participation. In an effort to help water 
systems control water loss and, thereby 
revenue loss, Rachel Harris and Tory 
Wagoner of Cavanaugh & Associates led 
a session on using the most recent ver-
sion (5.0) of the American Water Works 
Association’s free water audit software 
and introduced the Water Research 

Foundation’s (WRF) complementary 
Real Loss Component Analysis tool. 

Harris said that there is a new 
way of thinking about water loss, 
which is that there is no such thing as 
unaccounted for water — all water must 
be accounted for. North Carolina is one 
of 22 states with mandatory water-loss 
reporting in place, and systems can take 
advantage of the AWWA tool to comply 
with requirements. The new tool is 
basically a water-balance spreadsheet 
with an enhanced user interface. It 
calculates system-wide real losses by 

Tom Earnhardt:
NC by the numbers

Many of the places and species Earnhardt 
mentioned are listed below along with 
numbers he gave reflecting their current 
counts or best estimates*. Together, they 
support his assertion that North Carolina is 
a "crossroads of the natural world." 

 ●  17 river basins each receive at least 
40 inches of rain a year
 ●  Mount Mitchell is the highest moun-
tain in the East 
 ●N.C. has 43 peaks over 6,000 feet 
and more than 150 peaks over 5,000 
feet— “That’s where watersheds be-
gin and that’s where species diversity 
begins.”
 ●  450 species of birds , both resident 
and seasonal — “The best winter bird 
show in the East.”
 ●  77 native orchids
 ●  48 native lilies
 ● 187 species of butterflies
 ●  More than 3,000 species of moths
 ●  450 species of birds 
 ●  36 species of oak 
 ●  8 species of pine including some that 
need fire to reproduce 
 ●  60 species of salamander 
 ●  121 species of mammals
 ●  38 species of snakes
 ● 45 species of crayfish 
 ●  20 species of freshwater turtles
 ● 265 species of freshwater fish
 ●   8,000 species of fungi

*All of the numbers in the box to the right 
are based on best available information 
and are subject to fluctuations (plus 
or minus) due to new discovery, DNA 
analysis or extinction.
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New research network to address water issues
This year’s annual conference featured 
a new series of participatory sessions 
that blended panel discussions with 
audience participation. In “Prob-
lems to Solutions: Linking Research 
to Stakeholders’ Needs Through a 
Research Network on Water Solutions 
(ReNeWS)” panelists and audience 
members worked to identify collabora-
tions that can address pressing water-
resource issues in North Carolina.

“This is about linking research and 
stakeholders,” said moderator Laura 
Taylor of NC State University’s Center 
for Environmental and Resource 
Economic Policy. “By stakehold-
ers, I mean those inside the research 
community — because so often we 
don’t know each other — as well as 
stakeholders in the broader commu-
nity, whether they be policy, industry 
or non-profit organizations.” Taylor 
is co-PI of ReNeWS, an NC State 
University-wide effort that seeks to 
address North Carolina water issues by 
creating an interdisciplinary network 
of water-resource researchers.

Stated goals of the session in-
cluded connecting researchers with 
water managers and practitioners; 
helping researchers better understand 
other academic disciplines’ perspec-
tives on water resources; and assisting 
the ReNeWS network with identify-
ing ways to incorporate stakeholder 
involvement.

Presentations by researchers and 
industry experts set the stage for facili-
tated group discussion. Panelists high-
lighted emerging issues and showed 
ways in which research has been used 
to address water-resource challenges 
in the state. 

Bill Hunt, from the NC State Uni-
versity Department of Biological and 
Agricultural Engineering, described 
how research can impact water man-
agement outcomes through sustained 
engagement with stakeholders and 

agency officials. 
“You can do all this research but if 

you don’t tell anyone with any deci-
sion-making authority, it really doesn’t 
matter,” Hunt said. 

His group conducted research and 
worked with agency officials to revise 
the state’s design standards and credit-
ing system for permeable pavement. 
This cooperation resulted in an expan-
sion of the area within the state that 
permeable pavement can be used, and 
helped change the definition of “built-
upon area” to recognize pervious and 
partially pervious paving material. 

Ben Stafford, director of applied 
research at Hazen and Sawyer, an en-
vironmental engineering and research 
group specializing in water issues, 
described how industry partners with 
academia to develop sustainable water 
solutions. 

Stafford discussed challenges 
surrounding direct potable reuse of 
wastewater. These include whether or 
not managers can “convince the public 
that the technology is safe.” He con-
tinued, “the other piece is helping the 
regulators trust the operations staff.”

Detlef Knappe, from the NC State 
University Department of Civil, Con-
struction and Environmental Engineer-
ing, discussed emerging contaminants 
and the need for significant increases 
in collaboration between stakeholders 
and industries. 

Relating the universe of man-
made chemicals to an iceberg, Knappe 
likened the visible tip to the relatively 
small number of industrial chemicals 
for which researchers understand their 
human-health effects. The dramatical-
ly larger submerged portion represents 
the many manufactured chemicals 
that have poorly understood or un-
known human-health effects. Knappe 
noted that many chemicals in the later 
category are registered for use in U.S. 
commerce and are manufactured or 

imported in large amounts.  
With WRRI and other funding, 

Knappe currently is focused on identi-
fying the origin of increased levels of 
1,4-dioxane, an unregulated chemical 
that is considered a carcinogen at cer-
tain levels and was found in 24 of 106 
public supply water systems sampled 
in North Carolina.  

Ryan Boyles, director of the State 
Climate Office of North Carolina and 
extension faculty within NC State Uni-
versity’s Department of Marine, Earth 
and Atmospheric Sciences, summed 
up some of the questions the session 
was trying to address. 

“How do we incentivize the re-
searchers to address these challenges?” 
he asked. “How do we encourage the 
dialogue between the university re-
search community and those regulators 
and the private sector businesses that 
are directly invested in what happens, 
as well as the public? What is the role 
of the modern land-grant university in 
addressing some of these?” 

In the second hour, session par-
ticipants formed subgroups to begin to 
address the questions Boyles set out. 
Participants chose a water-related is-
sue, identified knowledge and resource 
needs, and proposed new opportunities 
for partnerships. Discussion topics 
included nutrient management, inte-
grated water resource management, 
water valuation, water management 
across jurisdictional boundaries and 
the food-water-energy nexus. Informa-
tion was captured on posters created 
by the groups and will be used to as-
sist the network as it moves forward to 
address some of the challenges facing 
water resources in North Carolina. 

To learn more about ReNeWS, 
visit www.ncsu.edu/cenrep/ReNeWS.
php.
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In 1964, eight years before passage 
of the Clean Water Act, the federal 
government authorized a unique piece 
of legislation in response to concerns 
over water availability and quality. 
The Water Resources Research Act 
called for the creation of local centers 
of water research that would “enlist 
the intellectual power of universities 
and research institutes in a nation-
wide effort to conserve and utilize 
our water resources for the common 
benefit.”

The following year, North 
Carolina Governor Dan Moore and 
University of North Carolina Presi-
dent William C. Friday announced 
the establishment of a state water 
institute. Headquartered at NC State 
University, the Water Resources 
Research Institute of the University 
of North Carolina System, or WRRI, 
has been at the forefront of address-
ing the state’s water resource needs 
for 50 years.

Research Funding: A Brief 
History
As one of the nation’s 54 state water 
institutes, WRRI administers and 
promotes federal-state partnerships 
in research and information transfer 
on water-related issues. The insti-
tute’s federal funding is provided 
by the U.S. Geological Survey and 
matches state funds. For every $1 in 
state match received by WRRI, the 
institute leverages an additional $2 of 
funding. 

In the 1960s, WRRI provided 
research funding for pressing issues 
such as mosquito control, industrial 
waste and the effects of urbaniza-
tion. Results helped create a new, less 
environmentally damaging method 
for controlling mosquitos, new 
principles for water conservation and 

50 years of NC WRRI 
waste minimization in North Carolina 
industries, and provided information 
for state and local governments on the 
effects that growth and urbanization 
would have on natural resources. 

During the 1970s, WRRI funded 
research into the effects of channel-
ization of streams for agricultural and 
residential purposes. Results helped 
usher in a new era of stream restora-
tion and management. Additionally, 
studies the institute funded raised 
concerns about water quality in the 
proposed Jordan Lake Reservoir and 
began to tackle water quality issues 
arising from the increasing number 
of large confined animal production 
units. 

The 1980s saw WRRI focus on 
urban stormwater, nutrient pollution 
and hydrilla — an invasive aquatic 
plant that was spreading at an alarm-
ing rate. WRRI funded studies on 
how the plant and other exotic spe-
cies survive and reproduce in North 
Carolina waters. In 1985, WRRI 
helped create the N.C. Urban Water 
Consortium consisting of the state’s 
12 largest drinking water/wastewater 
utilities. WRRI provides support for 
the group as well as a sub-group that 
focuses on stormwater issues. It also 
connects both entities with university 
expertise.

In the 1990s WRRI focused on 
drinking water, funding studies that 
looked into disinfection by-products 
— compounds created during the 
interaction of chlorine and organic 
materials in raw water. At certain 
levels, these compounds can increase 
the risk of cancer. These and other 
toxics in wastewater were being lim-
ited by new regulations that, among 
other things, required a test that 
used aquatic organisms rather than 
measurement of specific chemicals. 

WRRI funded research and outreach 
that helped dischargers comply with 
the changes. The 1990s also saw the 
implementation of the Water Sup-
ply Watershed Protection Act, a 
state law that began to protect water 
resources at the watershed level. The 
act featured land-use restrictions that 
were controversial, and WRRI funded 
research into what impacts the law 
would have on land availability and 
housing costs in watersheds.

For a more in-depth overview 
of WRRI’s first 35 years of research 
funding and outreach, visit go.ncsu.
edu/WRRIat50.

WRRI Since the Millennium 
WRRI continues to address priority 
statewide water-resource needs. Since 
2000, the institute has funded more 
than 230 research projects. These 
projects reflect WRRI’s strong and 
collaborative relationships with local 
governments, N.C. Department of 
Environment and Natural Resources, 
universities, non-governmental 
organizations, industry and private 
water resource professionals across 
the state. 

The top five most-funded project 
areas include nutrient management, 
stormwater management, potable 
water supply, toxic chemicals and 
wastewater treatment. What follows 
is a list highlighting some of the re-
search funded by WRRI from the last 
15 years.

Controlling Nutrients
Nutrient management remains a 
pressing concern for the state. With 
funding from WRRI, Hans Paerl, of 
the University of North Carolina at 
Chapel Hill Institute of Marine Sci-

by Rhett Register
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ences, helped characterize the nitro-
gen cycle of the Neuse River. By cat-
aloging the sources and sinks of the 
nutrient, Paerl’s findings have helped 
researchers and managers under-
stand contributions to algae blooms 
and lowered water quality that have 
plagued the waterbody. Wayne Ro-
barge, of NC State University, helped 
quantify the input of nitrogen to the 
Neuse River system from air deposi-
tion originating from intensive animal 
production operations.

Constructed stormwater wetlands 
and vegetated buffers can reduce ex-
cess nutrients in water. These systems 
remove nitrogen by transforming it 
into inert nitrogen gas. Research by 
Bongkeun Song of the University of 
North Carolina at Wilmington helped 
characterize the microbial processes 
that allow this transformation to oc-
cur. Song suggests vegetation that 
can be used in stormwater wetland 
construction to maximize nitrogen 
removal. Deanna Osmond, of NC 
State University, studied the nitrogen 
reduction values of shrub buffers used 
in the Neuse River Basin. This effort 
helped increase the number of best 
management practices available to 
farmers and real estate developers in 
the region. 

Managing Stormwater 
WRRI funding for research in 
stormwater management has re-
sulted in changes to the NCDENR 
Stormwater BMP Manual. Bill 
Hunt, of NC State University, has 
conducted research into mitigation 
strategies for reducing the flow of 
stormwater and stormwater pollutant 
inputs into receiving waterbodies. 
Results of Hunt’s research have been 
incorporated into multiple NCDENR 
Stormwater BMP Manual revisions. 
Hunt’s use of drainage model-
ing software originally created for 

agriculture has allowed researchers 
to better evaluate stormwater BMPs. 
Additionally, research by Richard 
McLaughlin, of NC State University, 
into the use of polyacrylamide to re-
duce erosion at construction sites has 
provided managers multiple options 
for controlling and reducing sediment 
pollution associated with stormwater 
runoff from disturbed sites. 

Potable Water Supply
Droughts in the first decade of 2000 
prompted state legislation calling for 
an increase in the use of reclaimed 
water. Mark Sobsey, of the Univer-
sity of North Carolina at Chapel Hill, 
developed new methods to detect 
and quantify pathogens in reclaimed 
water. Sobsey is building upon these 
findings by looking at the microbial 
quality of reclaimed waters in North 
Carolina and providing assessments 
of health risks based upon various 
water-exposure scenarios. 

Reuse of graywater, or water 
from bathing and washing facilities 
that are not toilets or food prepara-
tion areas, also has potential to reduce 
pressures on source water. Francis de 
los Reyes, of NC State University, 
used advanced molecular techniques 
to quantify the pathogens found in 
graywater. De los Reyes then used the 
findings to quantify the risk of infec-
tion associated with a wide range of 
exposure scenarios. 

Orlando Coronell, of NC State 
University, has described the fouling 
properties of local source water on 
nanofiltration and reverse osmosis 
installations in the state and provided 
corresponding cleaning strategies. 
This information provides water treat-
ment plant operators with locally 
tailored information about optimum 
cleaning strategies for membranes. 

Toxics and Wastewater 
Treatment
Increasingly, the public is concerned 
about chemicals in drinking water. 
Detlef Knappe, of NC State Universi-
ty, analyzed the removal effectiveness 
of drinking water treatment processes 
that are currently employed by mem-
bers of the N.C. Urban Water Consor-
tium. He determined, at a bench scale, 
what processes were most effective in 
removing some of the most common 
biochemically active compounds. 

Knappe is closely examining the 
occurrence of, and treatment options 
for, 1,4-Dioxane in North Carolina 
drinking water sources. The chemical, 
which is an industrial and manufac-
turing byproduct of processes involv-
ing the chemical ethylene oxide, is a 
human health concern and probable 
carcinogen. It has been found in 
drinking water in multiple locations 
in the state. Working with wastewater 
treatment plants to create methods 
for identifying sources, Knappe is 
determining the factors that control 
concentrations.

More than Just
a Funding Source
Besides providing funding for re-
search, WRRI conducts education and 
outreach and provides expertise on 
numerous state, regional, and national 
commissions and committees.

Education and Outreach
Between 2010 and 2015, WRRI has 
supported the degree activities of 
over 120 undergraduate and gradu-
ate students across six UNC cam-
puses. WRRI programs also engage 
100 K-12 students per year in North 
Carolina public schools, and WRRI 
education products and services reach 
over 3,000 individuals in universities, 

50 years continued from page 6
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50 years continued from page 7

Carolina. Development of an interac-
tive web tool is underway that water-
shed organizations can use to easily 
share information and resources. To 
learn more, visit www.ncwatershednet-
work.org. 

Training and Expertise
WRRI provides technical and profes-
sional support to the NCDENR as 
required by the N.C. Sedimentation 
Pollution Control Act of 1973. The in-
stitute has trained over 10,000 erosion 
and sediment control professionals 
in 25 years. Between 2010 and 2015 
alone, more than 5,840 individuals 
participated and received approximate-
ly 600 professional development units 
from WRRI. 

WRRI also contributes exper-
tise on numerous state, regional, and 
national commissions and committees, 
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WRRI conducts erosion and sediment control as well as other trainings across the state. 

WRRI provides resources across the university system.

including as a governor appointee to 
the N.C. Sedimentation Control Com-
mission. 

Looking Ahead
For 50 years, WRRI has worked to 
preserve, protect and enhance North 
Carolina’s water resources. By funding 
research and providing outreach and 
education, the institute links cutting-
edge, locally applicable research with 
end-users. In 2015, WRRI is devel-
oping a strategic plan to leverage its 
successes for maximum effectiveness 
moving forward into the future. The 
institute will continue to work with 
government agencies, universities, 
nonprofits, and industry to identify 
and address North Carolina’s water 
resource needs into the future.

 Thanks to Jeri Gray and 
Chuck Wakild for their help with this 
article.

local governments, and private busi-
nesses across the state. 

In 2010, WRRI was made a Center 
of Excellence for Watershed Man-
agement by the U.S. Environmental 
Protection Agency. A new initiative 
cofounded by WRRI in 2014 will as-
sist watershed organizations within the 
state with watershed protection and 
restoration efforts. The North Carolina 
Watershed Stewardship Network, or 
WSN, fosters partnerships and shares 
the expertise of professional and vol-
unteer stewards across North Carolina 
by providing online and in-person 
networking and skill-building oppor-
tunities. WRRI and the UNC Institute 
for the Environment have provided 
funds for programming support. As a 
first step, the WSN has built the most 
comprehensive database of watershed 
organizations and programs in North 
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NCWRA Symposium
Resiliency in Water Resources: What Does It Mean to You?

Sea-Level Dynamics, Human 
Modification and Coastal Sys-
tem Resiliency
One thing that isn’t resilient is the built 
environment on the North Carolina 
coast, according to Stan Riggs. Riggs is 
Distinguished Professor of Geology at 
East Carolina University and a member 
of the N.C. Coastal Resources Com-
mission Science Panel charged with 
projecting rates of sea-level rise along 
the North Carolina coast over the next 
30 years. 

 “What we have in Eastern North 
Carolina is an awesome resilient, 
natural coastal system, but what we’ve 
built here in the last 30 years is not 
sustainable. What we have done is 
throw science under the bus and opt 
for hell-bent-for-leather development 
for economic growth based on an 
engineered system. The clash between 
science and politics over rising sea-
level could have dire consequences for 
our state economy, and we’d better get 
serious about adaptation,” he said. 

To begin his presentation, Riggs 
provided a quick review of thousands 
of years of paleogeography along the 
N.C. coast, describing how the coast-
line moved from the edge of the conti-
nental shelf inland to the Suffolk Scarp 
(roughly where I-95 is today) when sea 
levels were at their highest during the 
last interglacial period. “We’ve been 
up there many times in the past over 
millions of years,” Riggs said. He said 
that we are currently in an interglacial 
episode and sea level is rising once 
again. 

The science-politics comment in 
Riggs’ presentation referred to chal-
lenges by coastal developers and real 
estate interests to the Science Panel’s 
2010 report, which included sea-level 
rise scenarios with projections ranging 
from a little over a foot to five or six 

feet over 100 years. Their challenge led 
to proposed legislation that would have 
“outlawed sea level rise” but ultimately 
resulted in adoption of legislation that 
required the Science Panel to update 
the report with 30-year rather than 
100-year projections, Riggs said. (The 
report North Carolina Sea Level Rise 
Assessment Report 2015 Update was 
released publicly on March 31 and can 
be downloaded from N.C. DENR’s 
Coastal Resources Commission web-
site.)

Riggs said that although sea-level 
rise varies along the N.C. coast, the 
Science Panel settled on a mean of 6 
inches over the next 30 years “although 
that may not make it into the final 
report.” He said that to the average 
person, a 6-inch rise by 2045 might not 
seem alarming. 

“However what’s really important 
right now, today, to the average person 
sitting in a house on the Outer Banks or 
Topsail Island or in Brunswick County 
is what’s going to happen when the 
next storm comes in. A storm is a sea-
level rise event. When a storm comes 
in, it comes in with a 5-foot, 10-foot, 
20-foot storm surge and it lasts hours 
or days. Tides are also a sea-level event 
twice a day. These are the worker bees, 

Stan Riggs presents during the NCWRA 
Symposium at the WRRI Annual 
Conference.

continued on page 10

by Jeri Gray
What is resilience? Speakers at the 
North Carolina Water Resources As-
sociation Symposium answered that 
question through examples of what 
resilience is and what it isn’t. 

Symposium Lunch
Presentations 

Hans-Peter Plag, from the Mitiga-
tion and Adaptation Research Institute 
and Department of Ocean, Earth and 
Atmospheric Science at Old Dominion 
University, said that the “safe operating 
space for humanity” provided by a rela-
tively stable coast and climate over the 
last 6,000 years is projected to change. 
Plag cautioned that sea-level rise during 
the next centuries will exceed changes 
experienced by civilization in the past. 
We may have to assume, he said, that 
sea level can change rapidly over time 
and that coastal areas available for 
coastal settlements and infrastructure 
today may be inundated in the near 
future. 

Jared Bales, U.S. Geological Survey’s 
Chief Scientist for Water, examined 
changes to the coast and climate, and 
described some of the actions the 
federal government is taking to address 
these changes. Bales noted that coastal 
flooding due to sea-level rise is increas-
ing and that land subsidence due to 
groundwater withdrawal can exacerbate 
flood risk in both coastal and inland 
areas. Actions the federal government 
are taking include the establishment of 
environmental, economic, and energy 
performance goals for federal agencies, 
including climate adaptation require-
ments; as well as the development 
of a national climate action plan and 
national resilience strategy.

— R.R.



the drivers that cause the rising sea 
level to erode shorelines, move bar-
rier islands and cause ecosystems to 
migrate landward.” 

Riggs noted that more than 100 
tropical storms and hurricanes impacted 
the N.C. coast during the 20th century 
and that nor’easters also have far-reach-
ing effects on our coast because they 
move slowly and can pound the coast 
for days. It is certain that storms, hurri-
canes and nor’easters — perhaps more 
intense ones — will continue to drive 
coastal ecosystem changes, he said. 

“There are not many houses on the 
North Carolina ocean front that will 
make it through a 30-year mortgage 
without beach nourishment, without 
dikes, without bulk heads,” said Riggs. 
“It is an expensive process that the 
State and the Feds have subsidized for a 
long time, but the Feds are pulling out.”

Similarly, he said, “Your tax money 
is going at an incredible rate to rebuild 
roads over and over and to build on 
shifting sand bridges engineered to last 
100 years. 

“Yes, we can probably keep the 
engineered system there for another 
hundred years by building bulkheads 
and so forth, but if we do, we will not 
have barrier islands, we will not have 
marshes, we will not have the natural 
system that draws people there. On the 
other hand, if we back off just a little, 
and let this system breath and learn 
to work with the system, we can have 
barrier islands and a natural shoreline 
and a healthy ecosystem, as well as a 
healthy economy a hundred years from 
now despite sea-level rise.” 

Riggs’ white paper recommend-
ing sea-level rise adaptation measures, 
North Carolina’s Coasts in Crisis: A Vi-
sion for the Future, can be downloaded 
at www.ecu.edu/cs-tecs/sustainability/
upload/Coasts-in-Crisis.pdf.

NCWRA continued from page 9

Integrating Urban Agriculture, 
Urban Stormwater and Green 
Infrastructure: the Washington, 
D.C., Experience
In the District of Columbia, resilience 
is integrating green infrastructure into 
the urban landscape to produce func-
tional diversity while creating low-skill 
jobs and reducing food insecurity in 
high-poverty wards. According to 
Dwane Jones, Director of the Center 
for Sustainable Development at the 
University of the District of Columbia 
or UDC, DC must solve the prob-
lem of contaminated overflows from 
its combined sewer system, and the 
most obvious solution is to dig huge 
tunnels to store and treat combined 
sewer overflows. But, in a step toward 
sustainability, green infrastructure — a 
system of bioretention, green roofs and 
cisterns — is proposed to replace one 
of the planned tunnels and allow reduc-
tion of the size of another. Throughout 
the district an extensive network of 
green roofs — one million square feet 
with another million planned in tar-
geted watersheds — absorbs rainwa-
ter, and UDC research is focusing on 
finding the right foods to grow in urban 
gardens in remaining green areas to 
provide fresh vegetables in the district’s 
food-desert neighborhoods. 

Sustaining Food Systems in the 
Face of Climate Change
In the nation’s agricultural realm, 
resilience in the face of climate change 
is moving from the goal of maximum 
solutions to the goal of robust solutions 
that can overcome adverse conditions, 
from best practices to adaptability 
(learn as you go), from importing to 
place-based growing and cultivating 
local resources, according to Laura 
Lengnick, author of Resilient Agri-
culture: Cultivating Food Systems for 
a Changing Climate and lead author 
of the recent USDA report, Climate 

Change and U.S. Agriculture: Effects 
and Adaptation. 

“We’ve put too much emphasis 
on technological solutions and have 
forgotten about the power of the eco-
system,” she said. “We need to diver-
sify, reduce inputs, restore the natural 
resource base, and move toward local 
production to reduce transportation.” 
Echoing Riggs’ theme of economic 
un-sustainability, Lengnick said that as 
climate change brings more extreme 
weather and amplifies the competition 
for water, the United States cannot af-
ford to continue the current system of 
subsidized crop insurance. Lengnick’s 
book is available from New Society 
Publishers at www.newsociety.com/
Books/R/Resilient-Agriculture.

Plan for Resilience
For water utilities, resilience is having 
multiple sources and focusing on plan-
ning, said Gary McSmith, Engineering 
Manager of the Cape Fear Public Util-
ity Authority. CFPUA has both surface 
and groundwater sources as well as 
regional interconnections and is in the 
construction and testing phase of an 
aquifer storage and recovery system. 
As for planning, McSmith said a utility 
should, “find the facts, face the facts 
and do the right thing.”  

Disaster Recovery
In the field of emergency manage-
ment, resilience is developing foresight 
capability through consideration of a 
spectrum of plausible outcomes and 
having recovery and mitigation plans 
prepared before a disaster, according 
to Greg Brunelle of Tetra Tech, who 
led the New York Office of Emergency 
Management’s response and recovery 
efforts in the aftermath of Hurricane 
Sandy. “Nothing presents an opportu-
nity for change like a disaster but you 
have a very narrow window,” he said 
citing the short attention spans of many 
politicians. 
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Coal Ash Management
Commission holds first meetings
by Anna Martin

The North Carolina Coal Ash 
Management Commission, or CAMC, 
remains in legal limbo after a March 
16 Superior Court decision declared 
some provisions of the act that cre-
ated the commission unconstitutional. 
The commission was established to 
oversee the management of coal-ash 
residuals across the state — including 
classifying impoundments, approving 
site-closure plans, and making recom-
mendations on statutes and rules.

Prior to the postponement of 
the third meeting of the commission 
scheduled for March 20, two meetings 
established the commission, swore 
in the 9 commissioners and oriented 
them to the ethics requirements, 
administrative operations and legal 
technicalities of the newly passed coal 
ash legislation (S 729/S.L. 2014-122). 
Commissioners also learned about 
various options for disposal, reuse and 
handling of residuals as well as the 
risks associated with each option.

At its first meeting on Friday, No-
vember 14, 2014, at the Friday Center 
in Chapel Hill, Richard Baker, Direc-
tor of Water and Natural Resources 
for Duke Energy described current 
methods of coal-ash production and 
storage. He provided an overview of 
the 14 communities in North Caro-
lina where coal ash is stored in 32 
impoundments and the status of those 
facilities. 

Leaders from various divisions 
of North Carolina Department of 
Environment and Natural Resources 
— including former DENR Assistant 
Secretary, Mitch Gillespie;  former Di-
rector of Division of Water Resources, 
Tom Reeder; Director of Division of 
Waste Management, Linda Culpepper; 
Chief of Division of Energy, Mineral 
and Land Resources Land Quality 

Section, Toby Vinson; Dam Safety En-
gineer, Steve McEvoy; Section Chief 
of Water Quality Regional Operations, 
Jay Zimmerman; and Section Chief 
for Division of Water Resources Water 
Quality Permitting, Jeff Poupart — 
described their current duties associ-
ated with coal ash and associated risks 
they foresee in the near future. Baker 
closed the meeting by explaining that 
plans for Duke Energy's proposed 
methods of disposal have been sub-
mitted to DENR and are waiting for 
approval.

During the second meeting on 
January 14, commissioners partici-
pated in a day-long discussion focused 
on types of coal-combustion residuals, 
or CCRs, and possible beneficial uses 
of those materials in North Carolina. 
Around the country coal ash is used 
in a wide variety of applications, 
most notably as a strengthening agent 
in concrete and wallboard with flue 
gas desulfurization, or FGD, gyp-
sum. Commissioners were given an 
overview of the business models for 
several states with substantial CCRs 
reuse rates and examined the econom-
ic benefits and barriers for replicating 
those efforts in North Carolina. 

On June 30, the North Carolina 
Supreme Court will hear an appeal to 
the decision that ruled 6 of the 9 com-
missioners’ appointments unconstitu-
tional. Until then, Natalie Birdwell, 
Executive Director of the CAMC, 
says that staff will continue carrying 
out the mission of CAMC and writing 
the beneficial use report that was their 
primary task.

Documents, including agendas 
and presentations, from these meetings 
can be found on the CAMC website at 
www.camc.nc.gov/meetings.html.

Highlights from 
Local Programs
Erosion and 
Sediment Control 
workshop
by Nicole Saladin Wilkinson
On February 11 and 12, six staff from 
the Land Quality Section, or LQS, of 
North Carolina Department of En-
vironment and Natural Resources’ 
Division of Energy, Mineral and Land 
Resources, or DEMLR, and over 100 
local government staff from around 
the state convened in Hickory for the 
Local Programs Erosion and Sedi-
ment Control workshop. This annual 
event has been hosted by WRRI in 
partnership with the LQS for well over 
a decade and helps satisfy education 
and training requirements under the 
state’s Sediment Pollution Control Act 
for local county and municipal govern-
ment erosion and sediment control, or 
ESC, program staff. More importantly, 
it provides an opportunity for the local 
programs to get together, learn from, 
and connect with the LQS staff and 
each other about challenges of manag-
ing erosion and sediment around the 
state, share strategies and successes, 
and work together to prepare for the 
future and the ever-changing permit-
ting requirements, rules, and regula-
tions at local and state levels.

Within DEMLR, LQS is respon-
sible for mining, dams, sediment and 
erosion control. Recently with the 
reorganization of DENR, stormwater 
management was added to the list of 
LQS responsibilities as well. Erosion 
and sediment control and stormwater 
management practices already have 
significant overlap in scope and aim, 
and control measures for the two areas 
go hand in hand. The coverage of both 
programs under one section in DENR 
has created significant opportunities 

continued on page 12
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Highlights continued from page 11

for education and cross-departmental 
collaboration at the local and state 
levels. Formal training for com-
bined inspections for ESC programs, 
stormwater, and mining programs will 
begin in 2015.

Natalie Berry of Henderson Coun-
ty and new appointee to the Sedimen-
tation Control Commission opened 
the workshop and facilitated introduc-
tions. It was clear, as staff introduced 
their programs and their job duties, 
that many local programs are shrink-
ing in staff size even as construction 
and development in the state are on the 
rise. Staff are increasingly pressed to 
take on more responsibilities, inspect 
more sites, review more erosion and 
sediment control plans, and keep 
up to date with changes at the state 
level, and they must do so with fewer 
resources. Still, “local programs have 
stronger compliance and enforce-
ment programs than the state does,” 
says Annette Lucas, Stormwater Staff 
Engineer with DEMLR. Even though 
programs are dealing with fewer staff, 
they still have more staff per project 
compared to the state, and local staff 
has less distance to travel than DENR 
regional office staff who are respon-
sible for multi-county areas. This 
acknowledgement underscores the 
important role that local government 
programs play in managing erosion-
control activities and thus, protecting 
receiving waters. It also highlights the 
importance of having strong programs 
at all levels of government to effec-
tively manage development activities. 

Toby Vinson, Section Chief for 
LQS, updated the group on changes 
brought about by the 2014 short ses-
sion of the General Assembly, includ-
ing changes to division organizational 
structure, rules review requirements 
for stormwater and erosion and sedi-
ment control, rule changes in 2014, 

statutory requirements of the regula-
tory reform legislation, and new rules 
and delegations related to oil and gas. 

Ashley Rodgers, State Sediment 
Specialist, and Karyn Pageau, Assis-
tant State Sediment Specialist, provid-
ed a demonstration of the Enterprise 
Certification Licensing Inspection and 
Permitting System, or ECLIPS, a new 
pilot electronic permitting program for 
the submittal and review of erosion 
and sediment control plans to the state. 
Local staff will also use the system 
to submit monthly program statistics 
to the state. LQS staff anticipate the 
widespread use of this program in 
2015 and hope that it will create more 
efficiencies in approval or disapproval 
for plans for the relatively short-lived 
projects that are covered under this 
program. 

NC State University’s Soil Science 
Department has also been a main-
stay participant at the local programs 
workshop. This year, extension associ-
ate Jacob Wiseman joined the group 
to talk about the link between new 
research, new regulatory requirements, 
and on-the-ground applications. Wise-
man works alongside Rich McLaugh-
lin, NCSU researcher and WRRI grant 
recipient whose work on ground cover 
and soil stabilization has been ap-
plied to local ESC programs and state 
Department of Transportation projects 
for years. Wiseman presented the lat-
est research on hydromulch, the use 
of infiltration soils and a stormwater 
control measure, and ditch stabiliza-
tion techniques. 

Much of the workshop featured 
speakers from the various local pro-
grams and DENR regional offices. 
A major goal of the workshop each 
year is to learn about real examples of 
ESC programs and how they work in 
the field, providing local government 
staff the opportunity to highlight their 

programs, share strategies for success, 
and troubleshoot problems with input 
from others who also manage similar 
problems on a day to day basis. Pro-
grams that presented this year include 
City of Wilson, City of Rocky Mount, 
Lincoln County, Durham County, 
Town of Cary, Town of Holly Springs 
and Orange County. 

Two local programs were recog-
nized for their outstanding service and 
operations during an awards luncheon 
that wrapped up the workshop. This 
year, representatives from the City of 
Raleigh and Chatham County accepted 
awards on behalf of their local pro-
grams.

While this event is tailored 
specifically for the local government 
ESC programs, a similar workshop is 
offered four times per year, alternat-
ing between Raleigh and a western 
location and allows participation from 
additional local government staff who 
couldn’t attend the local programs 
workshop, as well as state govern-
ment, private consultants, and others 
with an interest in E&SC and the vari-
ous roles played by the Land Quality 
Section. Workshop information can be 
found at www.ncsu.edu/wrri.



Sediment, Erosion & Turbidity Control
Workshop and Field Day

May 14, 2015
Booth Field Learning Lab

Raleigh, N.C.

For additional information, visit 
www.cvent.com/d/prq97d. 

BAE Stormwater Engineering Group presents:
Rethinking Swale and Filter Strip Design

May 22, 2015
NCSU Weaver Laboratories, Rm 125

Raleigh, N.C.

Presentations by Bill Hunt, Ryan Winston,
Andrew Anderson and Adrienne Cizek.

 
See the agenda and register online at 

www.bae.ncsu.edu/stormwater/training/swales.html.

A full list of upcoming WRRI and other events can be 
found at www.ncsu.edu/wrri/code/events.htm.

Upcoming Events

The Water Microbiology Conference 2015
May 18-21, 2015

The William and Ida Friday Center
Chapel Hill, N.C.

The conference will blend interactive workshops with 
scientific symposia and poster socials. The focus will be on water 

microbiology from watershed to human exposure including 
current concerns in recreational waters, shellfish harvesting waters, 

emerging technologies and quantitative tools.

Registration information can be found at 
www.waterinstitute.unc.edu/watermicro/.
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WRRI announces
annual RFP 

The Water Resources Re-
search Institute of the Univer-
sity of North Carolina System 
is pleased to announce its 
annual request for proposals 
for water-related research in 
North Carolina. We are now 
accepting faculty pre-pro-
posals and student full pro-
posals for the FY 2016-2017 
competitive grants program. 
This funding opportunity is 
sponsored by WRRI and the 
US Geological Survey 104(B) 
Program.

RFP details can be found at 
go.ncsu.edu/wrri_rfp

The deadline for submissions 
is June 8, 2015 at 8:00 a.m.


