
22nd Annual Conference
March 18-19, 2020

Raleigh, N.C.

“Reverence” © Christine Rucker from her Dance for the River series, on display at the Annual Conference.
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River Level

Thank You, Sponsors!

Tributary Level

Every Drop Counts

Keynote Address

About the Keynote: Twenty-first-century challenges demand 21st-century solutions. With system-
scale thinking and collaborative approaches, we can rise to these challenges and unleash a new era 
of water management – one that secures economic, environmental and community well-being for 
all. We need the One Water approach, and transformational leaders to help put it into practice. As a 
follow up to the keynote address, join Scott Berry from 4:00 – 5:00 p.m. in Room 4 on March 18 for a 
discussion session about strategies and challenges for implementing the One Water framework.

Scott Berry leads Policy and Government Affairs for the US Water Alliance’s engagement on policy issues out of their Washington, 
D.C. office. Previously, he was director of the Utility Infrastructure Division, Environment, and Trade at the Associated General Contrac-
tors of America. There he spent nine years as their head lobbyist on water infrastructure and water policy issues, and member services 
lead for water, sewer, power, telecom, and underground construction. He has served on the Water Infrastructure Network, the Sustain-
able Water Infrastructure Coalition, the Common Ground Alliance, and the Waters Advocacy Coalition.

The One Water Approach: Strategies for Collaboration
March 18, Room 1B, 8:15 – 9:15 a.m.
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Visit Our Exhibitors
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Dance for the River is a traveling multimedia exhibit 
that connects audiences with the Yadkin River 
through dance, photography, video and storytell-
ing, creating a unique message about clean water 
through art. The original intent behind the project 
was to make people aware of the beauty of the 
Yadkin River and the pollution damaging it. The 
project is a collaborative effort between Christine 
Rucker Photography, the Yadkin Riverkeeper, 
UNCSA Dance (UNC School of the Arts), Wake 
Forest Humanities Institute and Phoebe Zerwick. Its 
funders include the Yadkin Arts Council in NC, John 
Willingham, Wake Forest University Humanities 
Institute, the Yadkin Riverkeeper, Wells Fargo and 
private donors.

The WRRI conference will showcase the exhibit in several ways. Photographs and accompanying displays 
will be on view in the conference exhibit hall. Christine Rucker will be available during the evening reception 
to meet with conference attendees. She also will deliver a short talk at the conference lunch on March 19 to 
talk about this project, environmental conservation photography, and the role the arts can play in conserva-
tion awareness. In addition, many times throughout the conference, we will screen the short behind-the-
scenes video about the making of Dance for the River, narrated by the former Yadkin Riverkeeper and the 
dancers involved in the project. 

Christine Rucker lives in Winston-Salem, overlooking the Yadkin River. She has been taking photographs for 
over 25 years and learned the craft of storytelling while working as a newspaper photographer. She weaves 
the environment, access to wild spaces, freedom, adventure, social and equity into her photographs. In 
addition to Dance for the River, Rucker’s portfolio includes “Sacred Rivers,” which explores the relationship 
between religious traditions from around the world and American rivers. From the annual casting away of 
sins by Jews at the Hudson River to the re-dedication to their faith by Hindus at the Niagara River, the 
project reveals how ritual connects people to rivers in a way that few have explored.

If you would like to contact Christine to discuss a similar project using the arts for your environmental 
message, email photofisher2@gmail.com or call: 336-816-0907.  

You can also visit christineruckersphotography.com.

Arts & Humanities at WRRI
Dance for the River

Christine Rucker, Photojournalist
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The arts and humanities are 
important for promoting aware-
ness, action and protection of 
water resources alongside other 
water-related disciplines, such 
as natural science, engineering 
and policy. As such, the WRRI 
team remains dedicated to 
incorporating arts and humani-
ties into our annual conference. 
We are screening two short 
films to accompany the confer-
ence features, Dance for the 
River multimedia exhibit and a 
“Plastics and Water” session. 
Repeat film screenings allow attendees multiple opportunities to view them throughout the conference.

Dance for the River is five-minute, behind-the-scenes film that features commentary from the former Yadkin 
Riverkeeper and three dancers who participated in North Carolina photographer Christine Rucker’s project 
of the same name. Rucker will be available during the evening reception to meet with conference attendees 
and will deliver a short talk at lunch on March 19. 

Straws is a half-hour documentary film from North Carolina director and producer Linda Booker. Like its 
name implies, the film focuses on drinking straws to highlight concerns and action around single-use 
plastics. Booker also will facilitate the “Plastics and Water” session (March 19, Room 1B, 8:30-10:30 a.m.) 
and share educational curriculum related to the film and its reach in schools in the conference exhibit hall. 
She also will be available for an informal meet and greet with conference attendees on March 19, Room 5, at 
11:30 a.m. following one of the screenings. For more about the “Plastics and Water” session, see page 16.

The films will run back to back for a total time of about 40 minutes.

March 18 in Room 5 at 2:00, 2:50, 4:00, 5:30 and 6:15 p.m.

March 19 in Room 5 at 10:50 a.m. and 1:30 p.m.; Dance for the River will also be shown in Room 2 as part of 
the lunchtime address

Film Screenings
Featuring Conservation Photography and Plastic Pollution Awareness

Arts & Humanities at WRRI



Join a group to discuss our Statewide Read books The Water Knife and Dry 

Watch and discuss a series of films on environmental issues in multiple cities

Visit the Smithsonian exhibit "Water/Ways" in six communities

"Water/Ways" Tour Dates: 
 

May-July: Yancey County Public Library 
July-Aug: Macon County Public Library
Aug-Oct: Wake Forest Historical Museum
Oct-Nov: North Carolina Estuarium 
Dec-Jan, 2021: Wrightsville Beach Museum 
Jan-March, 2021: Alamance Community College  

For investment opportunities call 704-687-1520 
or visit www.nchumanities.org

H O W  D O E S  W A T E R  I M P A C T  Y O U ?  

J O I N  T H E  C O N V E R S A T I O N ,  2020 -2021

An affiliate of National Endowment for the Humanities. "Water/Ways" is part of Museum on Main Street, a collaboration between the Smithsonian
Institution and the North Carolina Humanities Council, and adapted from an exhibition organized by the American Museum of Natural History, NY.

North Carolina Humanities Council presents a two-year
initiative, "Watershed Moments," exploring our varied
relationships with the environment culturally and
historically through multiple programs. "Watershed
Moments" also includes the North Carolina tour of the
Smithsonian exhibition "Water/Ways." 

Examine disaster reporting through a panel discussion in Charlotte

Thanks to our NC "Water/Ways" supporters: 
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Agenda

Registration

Registration and load presentations

Set up posters and exhibits, enjoy coffee and hot morning refreshments

Welcome and Keynote Address

Susan White and Nicole Wilkinson McIntosh, NC Water Resources Research Institute

The One Water Approach: Strategies for Collaboration
Scott Berry, US Water Alliance

Concurrent Session 1

Lightning Round and Poster Promos
Moderator: Jobi Cook, NC Space Grant

Poster Promo, Kirstin Lackstrom, Carolinas Integrated Sciences and Assessments and Corey Davis, State Climate Office of NC, Short-range weather outlooks 
and weekly drought updates from Project Nighthawk: An interactive poster experience

Poster Promo, Kaitlin Bratt, NC State University, Characterizing similarity of federal environmental justice analyses

Exhibit Promo, Merlyn Guevara, East Carolina University, Understanding coastal issues through virtual reality

Lightning, Guy Iverson, Nutrient and microbe transport in surface waters at a hog farm with lagoon covers and anaerobic digestion: A preliminary assessment

Lightning, Jacob Petersen-Perlman, East Carolina University, When and how the environment is considered in transboundary water agreements

Lightning, Sharon Fitzgerald, US Geological Survey, Do sediment cores from Lake Sidney Lanier (Georgia) reflect on-site septic system phosphorus inputs?

Tool Demonstrations
Moderator: Lauren Vorhees, NC State University

Hannah Barg, Triangle J Council of Governments, Clean Water Education Partnership and Lauren Daniel, NCDEQ, Using ArcGIS as an educational and public 
outreach tool

Campbell McNutt, NC DEQ Division of Water Resources, NC Division of Water Resources watershed action plans stories – story map demonstration

Climate-Based Planning
Moderator: Jen Schmitz, Triangle J Council of Governments

Katie van Werkhoven, RTI International, Embracing uncertainty in water resources and flood risk assessment

Rick Savage, Carolina Wetlands Association, Natural and working lands and climate change 

Michelle Schmidt, Tetra Tech, Evaluating climate change for the city of Durham’s long-range water resources plan 
 
Harmful Algal Blooms and Toxin Concerns
Moderator: Isaac Hinson, Charlotte Storm Water Services

Haley Plaas, UNC-Chapel Hill, Cyanobacterial microcystin production and aerosolization dynamics in the Chowan River-Albemarle-Pamlico Sound estuarine 
continuum, NC

Fateme Barancheshme, UNC-Charlotte, UV/Cl2 and UV/H2O2 advanced oxidation as treatment for algal toxins in drinking water *

Astrid Schnetzer, NC State University, Cyanotoxins in North Carolina’s freshwater and estuarine systems

Awareness, Engagement and Action
Moderator: Joy-Lynn Rhoton, NC State University

Christy Perrin, WRRI/North Carolina Sea Grant, Watershed Wisdom: A lesson plan from NC Watershed Stewardship Network and UNC-TV Science for 
advancing watershed literacy and action *

7:15 - 8:15  a.m. 

Lobby

Room 1A/1D

8:15 - 9:15  a.m.

Room 1B

9:30 - 10:30  a.m.

Room 1B

9:30 - 9:40

9:40 - 9:50

9:50 - 10:00

10:00 - 10:10

10:10 - 10:20

10:20 - 10:30

Room 3 

9:30 - 10:00

10:00 - 10:30

Room 4 

9:30 - 9:50

9:50 - 10:10

10:10 - 10:30

Room 5

9:30 - 9:50

9:50 - 10:10

10:10 - 10:30

Room 6

9:30 - 9:50 

Wednesday, March 18

* Denotes this presentation covers current or previous WRRI-funded work
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Agenda continued
Rachel Taylor, NC Growth, The French Broad River: Leveraging river recreation to promote economic development

Kelly Suttles and Tatiana Height, UNC-Greensboro Center for Housing and Community Studies, Fostering engagement in the Cottage Grove neighborhood 
through community involvement in riparian cleanup to enhance stormwater quality *

Networking Break

Enjoy refreshments and exhibits

Concurrent Session 2

Managing Human and Natural Infrastructure for Changing Extremes
Moderator: Marilyn Mayer, NC State University

Julie DeMeester, The Nature Conservancy, The Sustainable Rivers program in the Cape Fear River

Rebecca L. Muenich, Arizona State University, Better understanding CAFO waste management for improved water quality

Ana Maria Garcia, US Geological Survey, Scoring restoration priorities in stream and watershed restoration and protection

Danica Schaffer-Smith, Arizona State University / The Nature Conservancy, Repeated hurricanes reveal risks and opportunities for social-ecological resilience 
to flooding and water quality problems

Tool Demonstrations
Moderator: John Fear, NC WRRI

Julia Cavalier, UNC Environmental Finance Center, How can software design methods help environmental professionals? 

Campbell McNutt, NC DEQ Division of Water Resources, Planning approaches to restoring urban streams in a Clean Water Act kind of way

Water Economics in North Carolina
Moderator: Eric Edwards, NC State University 

Sara Sutherland, NC State University, The economics of nutrient credit trading in North Carolina

Roger von Haefen, NC State University, The value of water quality improvements in North Carolina’s urban streams

Jordan Kern, NC State University, Hydrometeorological extremes in wholesale electricity markets

Jane Harrison, NC Sea Grant, Wastewater infrastructure tipping points: Prioritizing implementation of climate adaptation plans in decentralized systems

Flood Mapping
Moderator: Fateme Barancheshme, UNC-Charlotte

Hunter Freeman, WithersRavenel, Stormwater management in an ever-changing climate

Daniel Penczak, OTT HYDROMET, Proactive data collection for flood warning

Mathew Hornack, ESP Associates Inc., FIMAN-T: NCDOT’s management and response to flood impacts

Curtis Weaver, US Geological Survey, StreamStats application: A brief refresher

Drought in North Carolina: Research and Actions Being Taken to Improve Drought Understanding and Planning
Moderator: Meredith Muth, NOAA/National Integrated Drought Information System (NIDIS)

Corey Davis, State Climate Office of NC, Drought and climate in 2019: A year in review for North Carolina

Rebecca Ward, State Climate Office of NC, Research to improve drought communication: applications to the water resources sector

Ruth Rouse, Orange Water and Sewer Authority, Incorporating drought into local and regional water supply planning

Jonathan Williams, HDR, Collaborative drought planning and response in the Catawba-Wateree and Yadkin-Pee Dee River Basins

Networking and Awards Luncheon

Celebrate the 6th annual Source Water Protection Awards hosted by Rebecca Sadosky, NC DEQ Division of Water Resources

9:50 - 10:10

10:10 - 10:30

10:30 - 10:50 a.m.

Room 1A/1D

10:50 a.m. - 12:10 p.m.

Room 1B 

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50 

11:50 - 12:10

Room 3

10:50 - 11:20

11:20 - 11:50

Room 4

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50 

11:50 - 12:10

Room 5

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50 

11:50 - 12:10

Room 6

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50 

11:50 - 12:10

12:10 - 1:30 p.m. 

Room 2
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Agenda continued...

Concurrent Session 3

Introduction to R for Water Resources Data Science: Hands On Training
Facilitator: Sheila Saia, NC State University 

The Computer Lab is located in back corner of McKimmon Center, opposite of where other sessions take place. Please consult the map on page 3 or ask a 
WRRI staff member at the registration desk to help you locate it. See page 14 for special session details. 

Urbanization Impacts to Water
Moderator: Campbell McNutt, NC DEQ Division of Water Resources

Adam Gold, UNC Institute of Marine Sciences, Urbanization alters coastal plain stream carbon export and ecosystem function

Rosemary Fanelli, US Geological Survey, How salty are our streams? Using high-frequency data to characterize chloride exceedance events above 
ecologically-relevant thresholds

Ge Sun, USDA Forest Service, Modeling the effects of urbanization on watershed water yield and gross primary productivity (GPP) in the conterminous United 
States

Sarah Praskievicz, UNC-Greensboro, Physical habitat and water quality of small streams draining areas of differing urban land use: North Buffalo Creek, 
Greensboro

Charles Stillwell, US Geological Survey, Monitoring the French Broad River during highway construction

Andrew Shannon, NASA DEVELOP, Using NASA earth observations to quantify the impact of urban tree canopy cover and evapotranspiration on urban heat 
and identify community vulnerability in Asheville, NC

Modeling and Monitoring Nutrients in Rivers, Lakes and Estuaries
Moderator: Alexis Swanson, NC State University

Kimia Karimi, NC State University, Assessing long term variability in nutrient loading to Jordan and Falls Lake using hierarchical Bayesian modeling

Daniel Obenour, NC State University, Assessing the potential for watershed loading reductions to reverse eutrophication in Jordan Lake through multi-decadal 
modeling

Alix Matos, Brown and Caldwell and Forrest Westall, McGill Associates, Observations from the Upper Neuse River Basin Association’s monitoring program, 
2014-2018

Lise Montefiore, NC State University, A parsimonious model and data integration framework for estimating runoff-driven estuarine nutrient loading

Nicole Lindor, NC State University, Nutrient ratio effects on phytoplankton assemblages in a representative potable source-water reservoir of the 
Southeastern US *

Diane Lauritsen, LIMNOSCIENCES, Sediment phosphorus comparisons between two shallow bay lakes in the North Carolina coastal plain

Film Screenings

Dance for the River and Straws – see page 4 for details

Repeat screenings

Wetlands
Moderator: Kim Matthews, Carolina Wetlands Association

Michael Burchell, NC State University, Citizen science to enhance wetland protection and education in NC

Lucia Ibarra, Dogwood Alliance, What’s it worth? An ecosystem services valuation for wetland forests in the US South

Michael Burchell, NC State University, Removing detritus to rehabilitate older constructed wetlands used in wastewater treatment *

Melinda Martinez, NC State University, Greenhouse gas emissions from standing dead trees in coastal forested wetlands

Phil May, Carolina Ecosystems, Waters of the US: Changes and challenges in North Carolina

Lindsey Smart, NC State University, Prioritizing targeted interventions to protect peatlands from sea level rise and saltwater intrusion with scenario-based 
modeling

Networking Break

Enjoy refreshments and exhibits; Round 1 of student poster judging.

1:30 - 3:30 p.m.

Computer Lab

1:30 - 3:30

Room 3 

1:30 - 1:50

1:50 - 2:10

2:10 - 2:30 

2:30 - 2:50

2:50 - 3:10

3:10 - 3:30

Room 4

1:30 - 1:50

1:50 - 2:10

2:10 - 2:30 

2:30 - 2:50

2:50 - 3:10

3:10 - 3:30 

Room 5

2:00 - 2:40

2:50 - 3:30 

Room 6

1:30 - 1:50

1:50 - 2:10

2:10 - 2:30 

2:30 - 2:50

2:50 - 3:10

3:10 - 3:30 

3:30 - 4:00 p.m.

Room 1A/1D
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Agenda continued
Concurrent Session 4

Lightning Round & Poster Promos
Moderator: Susan White, NC WRRI

Poster Promo, Kalli Unthank, NC Division of Water Resources, Statewide ambient ground water quality monitoring in North Carolina

Poster Promo, Caleb Mitchell, Subsurface-flow gravel wetlands: An innovative tool for mimicking natural hydrology?

Poster Promo, Zack Mondry, US Forest Service, Soil disturbance monitoring after timber harvest on national forests in Tennessee, Virginia, and North Carolina

Lightning, Rob Hopper, CDM Smith, The first Beaver Deceiver in Raleigh

Lightning, Kevin Nunnery, Biohabitats Inc., Urban ecology and water quality: Planning for future resiliency

Lightning, Jason Wright, Tetra Tech, BMP prioritization for and TMDL compliance

Focus on Function with Grasses and Sedges: Interactive Session
Facilitator: Shannon Currey, Hoffman Nursery
See page 14 for special session details

Strategies and Challenges for Implementing the One-Water Framework: Discussion Session
Facilitator: Scott Berry, US Water Alliance
See page 15 for special session details

Film Screenings

Dance for the River and Straws – see page 4 for details.

Water Utility and Infrastructure Management
Moderator: Mariya Munir, UNC-Charlotte

Jannette Morris, Katy Hansen and Walker Grimshaw, Duke University, Creating a statewide digital map of community water system service areas

Drew Blackwell, Cavanaugh and Associates, Piloting water loss control in North Carolina

Samrin Ahmed Kusum, NC State University, Evaluation of fly ash as a cement replacement to reduce sewer collection system infrastructure maintenance and 
enhance sustainability *

End of Sessions

Please sign the PDH/CEU sign-up form at the registration desk in order to certify your attendance today. 

Poster Session and Networking Reception

Join us for research poster presentations and a chance to meet the poster authors and network with conference participants and exhibitors. Enjoy live music, 
heavy hors d’oeuvres, plus beer from NC State University’s Fermentation Science Program.

Featured exhibits: 
Dance for the River photographic display 
ECU Academic Exhibit: Understanding coastal issues through virtual reality – hands-on activity
Water/Ways by the Smithsonian and hosted by the NC Humanities Council

Film Screenings

Dance for the River and Straws – see page 4 for details

Repeat screenings

4:00 - 5:00 p.m. 

Room 1B

4:00 - 4:10

4:10 - 4:20

4:20 - 4:30

4:30 - 4:40

4:40 - 4:50

4:50 - 5:00

Room 3

4:00 - 5:00

Room 4

4:00 - 5:00

Room 5

4:00 - 4:40

Room 6

4:00 - 4:20

4:20 - 4:40

4:40 - 5:00

5:00 p.m.

5:00 - 7:00  p.m. 

Room 1A/1D

Room 5

5:30 - 6:10

6:15 - 6:55
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Agenda continued

Registration

Registration and load presentations

View posters and exhibits, enjoy coffee and hot morning refreshments

Welcome

Susan White, NC WRRI and Melanie Moore Richeson, NC Humanities Council

Concurrent Session 5

Featured Session: Plastics and Water 
Facilitator: Linda Booker, Director/Producer and Gloria Putnam, NC Sea Grant
See page 16 for special session details

Finding a Baseline: The When, Where, and What for Longitudinal Water Quality Monitoring in NC: Panel Discussion
Facilitators: Rachel Noble, UNC Chapel Hill; Angela Harris, North Carolina State University; Natalie Nelson, North Carolina State University
See page 15 for special session details

WOTUS 2020: Changes to the “Waters of the US” definition: Informal Discussion
Facilitator: Phil May, Carolina Ecosystems
See page 15 for special session details

Stormwater
Moderator: Jason Doll, KCI Associates of NC

Hunter Freeman, WithersRavenel, How can an iPhone improve green infrastructure?

Krysta Wilson and Todd Coolbaugh, Johnson C. Smith University, 2,2,6,6-Tetramethylpiperidinyloxy (TEMPO) oxidized cellulose nanofibrils as environmentally 
friendly flocculating agents for clarification of storm waters 

Christopher Osburn, NC State University, Nutrient and carbon loading from the neighborhood: Effect of a summer storm

Jeffrey Johnson, NC State University, Bioretention media evolution: Design and maintenance implications

Trevor Clements, Tetra Tech, Overcoming the “doesn’t GSI always cost more?” preconception barrier in Raleigh

Erin Rivers, NC State University, Let this soak in: Compost and wildflowers increase runoff capture in roadside soils

Contaminants and Water Treatment
Moderator: Mathew Hornack, ESP Associates

Kirsten Studer, UNC- Chapel Hill, Tracking the transformation of total iodine within a drinking water plant: Identifying treatment to limit iodinated disinfection 
byproduct formation *

Yazeed Algurainy, NC State University, Asymmetrical salt removals during water desalination using capacitive deionization
   
Samonty Das, UNC-Charlotte, Assessing the feasibility of nitrogen and phosphorous recovery as struvite from nutrient-rich wastewater

Sushama Pradhan, Onsite Water Protection Branch/NC DHHS, Pharmaceutical and personal care products (PPCPs) in the wastewater and groundwater

Gary MacConnell, MacConnell & Associates P.C., On-site reuse of highly treated domestic wastewater provides many benefits for single family residence

Jean-Rene Thelusmond, NC State University, Estimates of the occurrence of per- and polyfluoroalkyl substances in landfill leachate and wastewater in North 
Carolina

Networking Break 

Enjoy refreshments and exhibits

Concurrent Session 6

We’re from the Government and We’re Here to Help: Case Studies in Effective Action on Drinking Water Problems
Moderator: Evan Kane and Amy Keyworth, Wake County

Emily Williamson Gangi and Jill Moore, UNC School of Government, NC Drinking Water Incident Response Toolkit

7:15 - 8:15  a.m.

Lobby

Room 1A/1D

Room 1B

8:00 - 8:15  a.m.

8:30 - 10:30 a.m.

Room 1B

8:30 - 10:30

Room 3

8:30 - 10:00

10:00 - 10:30

Room 4

8:30 - 8:50

8:50 - 9:10

9:10 - 9:30

9:30 - 9:50

9:50 - 10:10

10:10 - 10:30

Room 6

8:30 - 8:50

8:50 - 9:10

9:10 - 9:30

9:30 - 9:50

9:50 - 10:10

10:10 - 10:30

10:30 - 10:50 a.m.

Room 1A/1D

10:50 a.m. - 12:10 p.m.

Room 1B

10:50 - 11:05

Thursday, March 19
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Agenda continued
Andrew George, UNC-Chapel Hill, Community science: Bringing together local government and academia to study post-hurricane water contamination in 
North Carolina private wells

Evan Kane and Amy Keyworth, Wake County, Outreach to private well owners on the potential for radionuclide contamination

Robert Lassiter, Irongate Neighborhood Resident; Jackie MacDonald Gibson, Indiana University; Shawn Purvis, Town of Apex; and Alicia Arnold, Wake 
County, Irongate & Apex: Open doors culminate in resolution of a community’s private well problems 

Panel Discussion

Understanding and Responding to Flood Risks and Impacts
Moderator: Daniel Wiebke, McAdams

Stanley Riggs, North Carolina Land of Water, Flood dynamics of the lower Roanoke and Cashie Rivers and their interaction with the Albemarle-Chowan 
estuarine system

Dori Sabeh, McGill Associates, Rhodes Pond hydrologic/hydraulic analysis and labyrinth weir design

Jack Kurki-Fox, NC State University, Evaluating the capacity of natural infrastructure for flood abatement at the watershed scale

Tanvir Pasha, NC State University, Tracking the sources of fecal contamination in surface water after Hurricane Dorian in coastal North Carolina

Ecological Flows, Water Resources and Water Availability in the Coastal Plain
Moderator: Stacey Feken, Albemarle-Pamlico National Estuary Partnership
  
Chris Goudreau, NC Wildlife Resources Commission, The basics of ecological flows and recommendations of the Ecological Flows Science Advisory Board

Robert R. Christian, Stanley R. Riggs, East Carolina University and NC Land of Water, Progress on ecological flows within the coastal plain

Mike O’Driscoll, East Carolina University, Water resources data to support coastal plain ecological flow assessment in the Albemarle-Pamlico Basin

Klaus Albertin, NC Department of Environmental Quality, Preliminary findings of the North Carolina Climate Science Report
                        
Film Screenings

Dance for the River and Straws – see page 4 for details.

Informal meet and greet and discussion with Straws film director, Linda Booker

Saltwater Intrusion
Moderator: Rick Savage, Carolina Wetlands Association

Marcelo Ardon, NC State University, Long-term water quality trends in a restored coastal wetland experiencing saltwater intrusion *

Diana Rashash, NC Cooperative Extension, An Investigation into indicators and drivers of saltwater intrusion to North Carolina’s coastal agricultural regions

Justine Neville, NC State University, Fast and slow dynamics of surficial saltwater intrusion

Yener Ulus, UNC-Greensboro, Effects of seawater intrusion on mercury cycling in coastal wetlands at Albemarle-Pamlico Peninsula, North Carolina *

Networking and Awards Luncheon

Christine Rucker, About “Dance for the River” and the role of arts and environmental photography in conservation awareness;
NC Water Resources Association/WRRI student poster competition awards

Concurrent Session 7

Note: All sessions start at 1:30 p.m., but end times vary; start times for Concurrent Session 8 are staggered accordingly

PFAS: Complexities and Considerations for Research and Management: Featured Session
Facilitators: Lee Ferguson, Duke University and Detlef Knappe, NC State University 
See page 17 for special session details

US Geological Survey Water Data Jam: A Spotlight on Present and Future Water Data: Participatory Session:
Facilitator: Krissy Hopkins, US Geological Survey
See page 15 for special session details

Wastewater Treatment Along North Carolina’s Changing Coastlines
Moderator: Jane Harrison, NC Sea Grant

Michael O’Driscoll, East Carolina University, Does more groundwater mean less treatment? The influence of sea level rise and coastal storms on septic systems

11:05 - 11:20

11:20 - 11:35

11:35 - 11:50

11:50 - 12:10

Room 3

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50

11:50 - 12:10

Room 4

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50

11:50 - 12:10

Room 5

10:50 - 11:30

11:30 - 12:00

Room 6

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50

11:50 - 12:10

Room 2

12:10 - 1:30 p.m.

1:30 - variable

Room 1B

1:30 - 3:30

Room 3

1:30 - 3:00

Room 4

1:30 - 1:50
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Eric Edwards, NC State University, The economics of improving coastal wastewater treatment under a changing climate

Lindsay Dubbs, UNC Coastal Studies Institute, People, water, and septic: A coastal case study in Nags Head, NC

Lawrence Cahoon, UNC-Wilmington, Climate change is challenging our waste treatment infrastructure

Film Screenings

Dance for the River and Straws – see page 4 for details

The Iowa Watershed Approach: Building a Flood Resilient Iowa and Implications for NC Managers: Discussion Session
Facilitated by: Larry Weber and Witek Krajewski, Iowa Flood Center, Paxton Ramsdell, Environmental Defense Fund
See page 16 for special session details 

Floating Networking Break

Note that afternoon break is extended to accommodate variable end times and start times between Concurrent Sessions 7 and 8; 
Last opportunity to view posters and exhibits before they are removed

Concurrent Session 8

PFAS Complexities and Considerations for Research and Management

Continued from Concurrent Session 7

Monitoring Microbial Surface Water Quality in the Aftermath of Hurricane Florence
Moderator: Elizabeth Christenson-Diver, UNC-Chapel Hill

Sophia Kathariou, NC State University, Part 1: Arcobacter butzleri

Rachel Noble, UNC-Chapel Hill, Part 2: Vibrio spp.

Collin Coleman, UNC-Chapel Hill, Part 3: Salmonella and Campylobacter

Elizabeth Christenson-Diver, UNC-Chapel Hill, Part 4: E. coli

North Carolina’s Statewide Water Resources Planning and Implementation
Moderator: Craig Caldwell, NC Department of Environmental Quality

Campbell McNutt, NC DEQ Division of Water Resources, The NC water supply water quality assessment process

Bruce Campbell, US Geological Survey, USGS water resource projects in North Carolina

Kim Nimmer, NC DEQ Division of Water Resources, IBT 101: What are interbasin transfers?

Linwood Peele, NC DEQ Division of Water Resources, Water supply planning: Current and future water demand update

Interdisciplinary Perspectives on Sustainable Animal Agriculture and Waste Management in NC: Participatory Session
Facilitated by: Stephen Moysey and Jacob Petersen-Perlman, East Carolina University
See page 16 for special session details

Conference Adjourns  

Please sign the PDH/CEU sign-up form at the registration desk in order to certify your attendance today.

1:50 - 2:10

2:10 - 2:30 

2:30 - 2:50

Room 5

1:30 - 2:10

Room 6

1:30 - 2:30

Room 1A/1D

2:50 - 3:45

Varying start times

Room 1B

3:45 - 5:00

Room 3

3:10 - 3:50

3:50 - 4:10

4:10 - 4:30

4:30 - 4:50

Room 4

3:10 - 3:50

3:50 - 4:10

4:10 - 4:30

4:30 - 4:50

Room 5

3:10 - 5:00

5:00 p.m.
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Special Sessions

Understanding Coastal Issues through Virtual Reality: Promo/Hands-On 
Activity/Exhibit
9:45 – 9:50 a.m., Room 1B

This “alternative session” combines a brief exhibit promotional talk to introduce the project and an academic 
exhibit where attendees can take part in multiple virtual reality expeditions. Recognizing that not all stu-
dents have opportunities to do fieldwork, the project creators designed it to help immerse those students 
in real-world environments through realistic simulations where they can play the role of field scientists. The 
virtual reality activity will take place in the conference exhibit hall, where East Carolina University student 
Merlyn Guevara and colleagues will be on-hand during networking breaks and the evening reception to take 
attendees through the experience. See Merlyn Guevara abstract for more details.

Tool Demonstrations 
9:30 – 10:30 a.m. & 10:50 – 11:50 a.m., Room 3

Four 30-minute presentations will feature a variety of software and tools related to water resources 
management, planning and outreach. Presenters will delve into live demonstrations and discussion of the 
tools rather than relying on static screen shots of the platforms, allowing time for the audience to get a 
better understanding of the tools’ functions and applications. See individual abstracts for Campbell McNutt, 
Hannah Barg and Julia Cavalier for more details.

Introduction to R for Water Resources Data Science: Hands-On Training
1:30 – 3:30 p.m., Computer Lab

This interactive workshop will provide information for water resource managers, students and young pro-
fessionals without prior "R" experience who are interested in learning how this software program can help 
with their water resources work. NC State University postdoctoral researcher Sheila Saia will help partici-
pants learn how R can help them save time on data analysis, share their work easily, keep a record of data 
and analyses, learn about open-source tools, and turn data into quality figures and reports. By the end of 
the workshop, attendees will be able to describe the pros and cons of using R for their work, use R to load 
in water-related data and plot it, and explain additional resources for pursuing this new skill. Computers are 
available for this session. Examples in this session will serve as a foundation for the USGS Water Data Jam 
session on March 19. See Sheila Saia abstract for more details.

Focus on Function with Grasses and Sedges 
4:00 – 5:00 p.m., Room 3

This session features a non-linear, interactive presentation that covers plants (mainly grasses and sedges) 
from North Carolina’s stormwater design manual that work well in green stormwater infrastructure 
applications. Shannon Currey will engage the audience to learn about their green infrastructure projects 
and needs and then delve into areas that most pertinent to partic-ipants. See Shannon Currey abstract for 
more details.

Wednesday, March 18
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Special sessions continued

Strategies and Challenges for Implementing the One Water Framework: 
Discussion Session
4:00 – 5:00 a.m., Room 4

Continuing on the theme of the keynote presentation, Scott Berry from the US Water Alliance will share 
brief case studies of One Water success, and participants will be encouraged to share their own stories. 
This session will encourage participants to unpack the challenges that One Water faces in N.C. and togeth-
er, discuss how they might overcome them.

Finding a Baseline: Panel Discussion 
8:30 – 10:00 a.m., Room 3

Three researchers will lead a panel discussion related to longitudinal water quality monitoring in North 
Carolina. Presentations and engagement with the audience will address key what, when, where, why and 
how questions about monitoring before, during and after extreme weather events, as well as the implica-
tions of those sampling approaches for better understanding water quality and risk to human health. See 
Rachel Noble abstract for more details.

WOTUS 2020: Changes to the “Waters of the US” Definition: 
Open Discussion
10:00 – 10:30 a.m., Room 3

As a follow up to the presentation “Waters of the US: Changes and challenges in North Carolina” (March 18, 
Room 6, 2:50-3:10 p.m.), Phil May of Carolina Ecosystems will facilitate this informal, 30-minute discussion 
to allow further explanation of the nuances of the definition changes and implications for water planning 
and management in our state. The discussion will reflect the interests and needs of participants as they 
navigate their work in light of the updated rule. See Phil May abstract for more details.

USGS Water Data Jam: Participatory Session 
1:30 – 3:00 p.m., Room 3

This interactive session will kick off with a water trivia game highlighting past, present and future monitor-
ing efforts of the US Geological Survey (USGS) in North Carolina. Participants will be introduced to ways 
to access and view USGS water data (including streamflow, water quality, groundwater and precipitation) 
and will hear about creative ways that these data can answer questions and explain more about water 
resources. Sample USGS water data also will be featured in the “Introduction to R for Water Resources 
Data Science” training on March 18. See Krissy Hopkins abstract for more details.

Thursday, March 19
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Plastics and Water
March 19, 8:30 – 10:30 a.m., Room 1B 

This session highlights concerns and action around single-use plastics, as well as research in North 
Carolina on plastics in our waterways. Linda Booker, director and producer of the documentary film 
Straws,† will provide framing for four additional presentations that will explore chemical constituents in 
plastics, implications for biological function and species risks for barnacles and black sea bass, and an 
exploration of local government action and policy solutions. The presentations will conclude with a look at 
the role of art, engagement, and campaigns in creating change around plastic pollution. A panel discussion 
will explore research gaps and addressing future challenges around plastics in water.

Presenters
•  Lee Ferguson, Civil and Environmental Engineering, Duke University
•  Dan Rittschof, Marine Science and Conservation Program, Duke University
•  Susanne Brander, Oregon State University/University of North Carolina Wilmington
•  Nancy Lauer, Environmental Law and Policy Clinic, Duke University
•  Gloria Putnam, Coastal Resources and Communities Specialist, NC Sea Grant
•  Linda Booker, Director and Producer

† The 30-minute film will screen at multiple times throughout the conference, giving attendees several 
opportunities to view it before and after this session.

 

Special sessions continued

The Iowa Watershed Approach: Discussion Session 
1:30 – 2:30 p.m., Room 6

The session will describe the Iowa Watershed Approach (IWA) and discuss innovative tools and resources 
that support and help team members carry out program goals. The IWA depends on collaborative partner-
ships among many statewide organizations, as well as on local stakeholders who are working together 
to improve Iowa’s future flood resiliency. This session coincides with a multi-day meeting of the Iowa 
Flood Center (IFC) and stakeholders, researchers, agency staff and decision makers working across North 
Carolina to address flooding and resiliency. As such, the session presents an opportunity for conference 
participants to learn about IFC best practices and how they can be applied to North Carolina’s increasingly 
frequent experiences with extreme flooding. See Larry Weber abstract for more details.

Interdisciplinary Perspectives on Sustainable Animal Agriculture and Waste 
Management in NC: Participatory Session 
3:10 – 5:00 p.m., Room 5

Engage in an interactive dialogue identifying different stakeholder perspectives on sustainable animal agri-
culture in North Carolina. This session will have an emphasis on animal waste issues and include a panel of 
speakers to provide diverse perspectives. The session will utilize problem deconstruction techniques, such 
as the five-whys technique, to drill down into current challenges and aid in identifying opportunities for the 
future. See Stephen Moysey abstract for more details.

Featured Sessions



17

Featured sessions continued

PFAS: Complexities and Considerations for Research and 
Management
March 19, 1:30 – 5:00 p.m., Room 1B (break included)

This session will explore per- and polyfluoroalkyl substances (PFAS) through the lens of research, exposure 
pathways, health risks, and treatment, as well as management through policy and water utility approaches. 
Carefully orchestrated overview presentations and panels on select research will explore current work, 
gaps in knowledge, and the complexities around PFAS that create significant challenges for effectively 
understanding and addressing this class of chemicals.

This session is co-hosted by the NC PFAST Network and the NC WRRI Urban Water Consortium.

Presentations & Panels 
•  PFAS in context, why they’re a concern and how this class of contaminants has risen to such a high level 

of concern
•  The overarching state of PFAS in N.C., with emphasis on monitoring and identification of hot spots 
 Panel Features: Haw River/Pittsboro; Greensboro; Wilmington
•  Exploring the PFAS cycle and how persistence and movement through the environment creates a 

constantly moving target for treatment and removal 
 Panel Features: Landfill Leachate; Groundwater-Surface Water Transport; Biosolids; Atmospheric 
 Deposition
•  Health, toxicity and how to understand and mitigate risk 
 Panel Features: Long term Exposure in Wilmington Residents; Immunotoxicity Studies in Mice
•  Understanding the perspectives of water utility managers, and shifting decision-making frameworks for 

effective management of emerging contaminants

Presenters 

•  Lee Ferguson, Duke University and Co-Chair, NC PFAST Network Executive Advisory Committee
•  Detlef Knappe, NC State University and Co-Chair, NC PFAST Network Executive Advisory Committee
•  Kateri Salk, Duke University
•  Carel Vandermeyden, Cape Fear Public Utility Authority
•  Jean-Rene Thelusmond, NC State University
•  David Genereux, NC State University
•  Mei Sun, UNC-Charlotte and NC PFAST Network Executive Advisory Committee
•  Michael Pjetraj, NC DEQ Division of Air Quality
•  Emma Tobin, East Carolina University
•  Nadine Kotlarz, NC State University
•  Pending, UNC-Chapel Hill
•  Chad Ham, Fayetteville Public Works Commission
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List of Poster Presentations
Grouped by topic, then alphabetical by presenter last name 

‡ denotes student presenter;  * denotes presentation covers current or previous WRRI-funded work

Agriculture

AG-1: Modeling the effects of confined swine operations on microbial quality of 
surface water

*Presenter: Elizabeth Christenson-Diver, UNC-Chapel Hill, eliz@unc.edu
Co-Authors: Jill Stewart and Marc Serre, UNC-Chapel Hill 

AG-2: High resolution assessment of environmental impact of Miscanthus 
production

‡Presenter: Andrew Hillman, NC State University, adhillma@ncsu.edu 
Co-Author: Chadi Sayde, NC State University

AG-3: Using satellite imagery to reconstruct the past: A case study of historical 
swine CAFO growth

*‡Presenter: Lise Montefiore, NC State University, lrmontef@ncsu.edu
Co-Authors: Amanda Dean and Natalie Nelson, NC State University

AG-4: Potential water quality and flood mitigation benefits of on-farm water 
capture and use for irrigation: preliminary results of a field experiment in eastern 
North Carolina

‡Presenter: Hossam Moursi, NC State University, hamoursi@ncsu.edu
Co-Authors: Mohamed Youssef and Chad Poole, NC State University

AG-5:  Monitoring the spatial variability of soil moisture and precipitation 
partitioning in an agricultural field using fiber-optic distributed temperature 
sensing system

‡Presenter: Mahmoud Shehata, NC State University, mmebrahi@ncsu.edu
Co-Author: Chadi Sayde, NC State University

AG-6: The agricultural industry and global groundwater system issues

‡Presenter: Julianna Tresca, UNC-Wilmington, julianna.tresca@aol.com
Co-Author: Peter Zamora, UNC-Wilmington

Climate Change

CC-1: Leaf physiology responses of coastal tree species exposed to a gradient of 
sea water concentrations

‡Presenter: Steve Anderson, NC State University, smander6@ncsu.edu 
Co-Authors: Emily S. Bernhardt, Duke University, Ryan E. Emanuel, NC State University, 
Justin P. Wright, Duke University, and Marcelo Ardón, NC State University

CC-2: Short-range weather outlooks from Project Nighthawk: An interactive 
poster experience

Presenter: Corey Davis, State Climate Office of North Carolina, cndavis@ncsu.edu
Co-Authors: Rebecca Ward, State Climate Office of North Carolina, Kirsten Lackstrom, 
Carolinas Integrated Sciences and Assessments
 
CC-3: Weekly drought updates from Project Nighthawk: An interactive poster 
experience 

Presenter: Kirsten Lackstrom, Carolinas Integrated Sciences & Assessments (CISA), 
lackstro@mailbox.sc.edu 
Co-Authors: Rebecca Ward, State Climate Office of North Carolina, Corey Davis, State 
Climate Office of North Carolina

CC-4: Condition monitoring in the Carolinas: Improving our understanding of 
weather-related impacts

‡Presenter: Leah Blackwood, University of South Carolina, Carolinas Integrated Sciences 
and Assessments (CISA), lmmoore@email.sc.edu  
Co-Authors: Amanda Farris and Kirsten Lackstrom, CISA

CC-5: Uncertainty assessment of the impact of climate change on weather 
extreme events in Ghara Sou river basin, Iran

‡Presenter: Elnaz Pezeshki, East Carolina University, Pezeshkie19@students.ecu.edu
Co-Authors: Ahmad Sharafati, Azad University, and Stephen Moysey, East Carolina 
University

CC-6: Improved accuracy of watershed-scale climate model runoff using deep 
neural networks

Presenter: Sheila Saia, NC State University, ssaia@ncsu.edu
Co-Authors: Joshua Rice and Ryan Emanuel, NC State University

Contaminants and Treatment

CT-1: Determination of pesticide occurrence in private wells by high-resolution 
mass spectrometry

‡Presenter: Nancy Lee Alexander, NC State University, nwmclean@ncsu.edu
Co-Authors: Carol Ball, Agilent Technologies, Inc. and Detlef Knappe, NC State University

CT-2: Biological activated carbon system harboring microorganisms that 
exchange electrons with activated carbon

‡Presenter: Qiwen Cheng, NC State University, qcheng2@ncsu.edu
Co-Authors: Juan Fausto Ortiz Medina and Douglas F. Call, NC State University

CT-3: Electroactive point-of-use filtration systems for enhanced removal of per- 
and polyfluoroalkyl substances from drinking water

‡Presenter: Geoffrey Fylak, NC State University, gfylak@ncsu.edu
Co-Author: Tiffany Tang, Henry Ho, Detlef Knappe, and Douglas F. Call, NC State University

CT-4: Preliminary assessment of nitrogen treatment in a tertiary constructed 
wetland following detritus removal

‡*Presenter: Brock Kamrath, NC State University, bjkamrat@ncsu.edu
Co-Author: Mike Burchell, NC State University

CT-5: Predicting lateral hyporheic exchange in the lower Cape Fear River: a tool 
for estimating fluxes of GenX and other emerging contaminants

‡Presenter: Henry McCormick, UNC-Wilmington, hdm5390@uncw.edu
Co-Authors: Peter B. Zamora and Ai Ning Loh, UNC-Wilmington

CT-6: Pilot-scale cometabolic biological filters for the treatment of 1,4-dioxane at 
drinking water relevant concentrations

‡Presenter: Amy McElroy, NC State University, acmcelro@ncsu.edu
Co-Authors: Detlef Knappe and Michael Hyman, NC State University

Groundwater

GW-1: Novel low-cost weighing lysimeter to monitor crop water use and deep 
percolation

‡Presenter: Ryan Ackett, NC State University, rwackett@ncsu.edu
Co-Author: Dr. Chadi Sayde, NC State University

GW-2: Geochemistry is important for understanding inorganic groundwater 
quality in North Carolina
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‡Presenter: Rachel Coyte, Duke University, rachel.coyte@duke.edu
Co-Author: Avner Vengosh, Duke University

GW-3: Soil disturbance monitoring after timber harvest on national forests in 
Tennessee, Virginia, and North Carolina

Presenter: Zack Mondry, US Forest Service Enterprise Program,
zackary.mondry@usda.gov
Co-Authors: Ali Reddington, Cherokee National Forest, Jessie Howard, George 
Washington-Jefferson National Forest, Bob Eaton, USFS Southern Research Station, and 
Brady Dodd, National Forests in North Carolina

GW-4: Statewide ambient ground water quality monitoring in North Carolina

Presenter: Andy Neal, NC Division of Water Resources, andy.neal@ncdenr.gov
Co-Author: Kalli Unthank and Francis Oggeri, NC Division of Water Resources

GW-5: Impact of Hurricane Florence on water quality of North Carolina coastal 
aquifers

‡Presenter: Hayden Rudd, NC State University, hrudd@ncsu.edu
Co-Authors: Andy Neal and Nat Wilson, NC Department of Environmental Quality, Dave 
Genereux, Damian Shea and Elizabeth Guthrie Nichols, NC State University

GW-6: Spatial and temporal variability of nitrogen concentrations in groundwater 
near two onsite wastewater systems assessed using field sensors and laboratory 
methods

‡Presenter: Caitlin Skibiel, East Carolina University, skibielc16@students.ecu.edu
Co-Authors: Charles Humphrey, Guy Iverson, Michael O’Driscoll, East Carolina University

Harmful Algal Blooms

HAB-1: Efficacy of using fluoroprobe for rapid chlorophyll a and phytoplankton 
group differentiation during bloom conditions
 
‡Presenter: Malcolm Barnard, UNC-Chapel Hill, malcolm.barnard@unc.edu
Co-Authors: Haley E. Plaas1, Karen Rossignol1, Jeremy Braddy1, Justin Chaffin2, Thomas 
Rayburn2, Keara Stanislawczyk2, Halli Bair2, Jin Wei3, Bu Minsheng3, and Hans W. Paerl1 – 
1UNC-Chapel Hill; 2The Ohio State University; 3Hohai University, China
 
HAB-2: Developing an agent based model from novel water column reactor 
results to forecast harmful algal bloom (HAB) formation 

‡Presenter: Monica Camacho, NC State University, mccamach@ncsu.edu 
Co-Authors: Tarek Aziz, Emily Berglund and Daniel Obenour, NC State University

HAB-3: Morphology and land use predictors of harmful algal blooms in North 
Carolina reservoirs and lakes

‡Presenter: Lindsay Roth, Duke University, lindsay.roth@duke.edu
Co-Authors: Jake Greif1, Caroline Watson1, Tristen Townsend1, Kristine Swann1, Dr. Kateri 
Salk1, and Michael O’Driscoll2 – 1Duke University, Nicholas School of the Environment, 
2East Carolina University

HAB-4: Examining cyanotoxin food web contamination in the Chowan River, NC

‡Presenter: Aidan Smith, NC State University, arsmit21@ncsu.edu
Co-Authors: Emily Griffith1, Marco Valera1, Charlton Godwin2 and Astrid Schnetzer1 – 1NC 
State University, 2Fisheries Management Section, NC Dept. of Environmental Quality

HAB-5: Tracing the transport of algal blooms from reservoir to estuary using 
satellite imagery and in situ hydrologic data

‡Presenter: Natalie Von Tress, NC State University, nvontre@ncsu.edu
Co-Author: Natalie Nelson, NC State University

HAB-6: Chemical and biological predictors of harmful algal blooms in North 
Carolina lakes and reservoirs

‡Presenter: Caroline Watson, Duke University, cw364@duke.edu
Co-Authors: Tristen Townsend, Duke University, Leigh Stevenson, NC DEQ, Michael 
O’Driscoll, East Carolina University, and Kateri Salk, Duke University

Management and Policy

MP-1: Analysis of federal environmental justice analyses

‡Presenter: Kaitlin Brätt, NC State University, kgbratt@ncsu.edu
Co-Authors: Ryan Emanuel, Louie Rivers and Sheila Saia, NC State University

MP-2: Nutrient criteria policy review and site-specific threshold application in 
North Carolina reservoirs 

‡Presenter: Kristine Swann, Duke University, kristine.swann@duke.edu
Co-Authors: Caroline Watson, Duke University, Leigh Stevenson, NC DEQ, Michael 
O’Driscoll, East Carolina University, and Kateri Salk, Duke University

Rivers and Streams

RS-1: The answer is in the roots: Development of probabilistic bank erosion 
analysis curve by integrating root dendrogeomorphology and flow duration 
curves

‡Presenter: Emily Darr, Freese and Nichols, Inc./NC State University, emdarr@ncsu.edu
Co-Authors: Celso Castro-Bolinaga, Ashly Cabas, and Ilona Peszlen, NC State University

RS-2: The impact of whole-watershed urban stream restoration on 
macroinvertebrate communities

‡Presenter: Jackie Hartman, UNC-Charlotte, jhartm22@uncc.edu
Co-Authors:  Dr. Sandra Clinton and David Vinson, UNC-Charlotte

RS-3: Evaluation of 2-d hydrodynamic models to improve scour predictions and 
countermeasures

‡Presenter: Rebecca Hatley, NC State University, rlhatley@ncsu.edu
Co-Authors: Celso Castro-Bolinaga and Chadi Sayde, NC State University

RS-4: Long-term trends in nutrients in geothermally-modified groundwater 
influenced lowland tropical streams, Costa Rica

‡Presenter: Nicholas Marzolf, NC State University, nmarzol@ncsu.edu
Co-Authors: Alonso Ramírez, Catherine Pringle, Marcelo Ardón 

RS-5: Total- and methyl-mercury concentrations in two recently created UNCG 
wetlands and their nearby streams

‡Presenter: Kristina Morales, UNC-Greensboro, k_morale@uncg.edu
Co-Author: Martin Tsui, UNC-Greensboro

RS-6: The Rocky Branch stream ecosystem, NCSU campus: The beginning of a 
long-term study

Presenter: Alonso Ramirez, NC State University, alonso.ramirez@ncsu.edu
Co-Authors: Augustin Engman, Brittany Babbington, Ana M. Meza, Mariely Vega

RS-7: An integrated approach to evaluate the propagation of sediment pulses 
following dam removals: A case study from the Elwha River dams

‡Presenter: Abhinav Sharma, NC State University, asharm35@ncsu.edu
Co-Authors: Celso Castro-Bolinaga and Natalie Nelson, NC State University

Posters continued
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Posters continued

RS-8: Variability of soil properties and erodibility parameters of streambanks: an 
empirical approach and its implications on erosion rate predictions across the 
North Carolina piedmont region
 
‡Presenter: Alexis Swanson, NC State University, aeswanso@ncsu.edu
Co-Authors: Celso Castro-Bolinaga, NC State University; Periann Russell, NC DEQ Divison 
of Mitigation Services

RS-9: Anthropogenic litter (trash) inputs in NCSU campus streams

‡Presenter: Jordan Williams, NC State University, jwilli19@ncsu.edu
Co-Authors: Jordan E. Williams, Chase B. Bergeson, Elly T. Gay, and Katherine L. Martin, 
NC State University

Stormwater, BMPs, and Green Infrastructure

SBG-1: Ecological treatment technologies to reduce nutrients and pathogens in 
runoff and drainage waters

Presenter: Natasha Bell, East Carolina University, bellna19@ecu.edu

SBG-2: Prioritization of urban stormwater management through soil infiltration 
modeling and participatory mapping

‡Presenter: Chase Bergeson, NC State University, cbberges@ncsu.edu 
Co-Authors: Katherine Martin, Bethany Cutts, and Barbara Doll, NC State University 

SBG-3: A novel method for measuring water flux density: Implementing pulse 
heated fiber optics to uncover flow paths and treatment volumes of regenerative 
storm water conveyance systems (RSC)

‡Presenter: Thomas DeBell, NC State University, tcdebell@ncsu.edu
Co-Author: Chadi Sayde, NC State University
 
SBG-4: Assessment of permeable interlocking concrete pavers to manage 
surface runoff in an urban watershed

‡Presenter: Lori Farley, East Carolina University, farleyl18@students.ecu.edu
Co-Author: Michael O’Driscoll, East Carolina University

SBG-5: Watershed response to land use and climate change in North Carolina

‡Presenter: Elly Gay, NC State University, etgay@ncsu.edu
Co-Authors: Katherine Martin and Ryan Emanuel, NC State University, Peter V. Caldwell, 
USFS Southern Research Station 
 

SBG-6: Nutrient and metal leaching losses from compost-soil blends

‡Presenter: Christina Kranz, NC State University, cnkranz@ncsu.edu
Co-Authors: Erin Rivers, Joshua L. Heitman, and Richard A McLaughlin, NC State University

SBG-7: Subsurface-flow gravel wetlands: An innovative tool for mimicking 
natural hydrology?

‡Presenter: Caleb Mitchell, NC State University, cemitch5@ncsu.edu
Co-Authors: Sarah E. Waickowski and William F. Hunt III, NC State University

SBG-8: Understanding the barriers to green infrastructure: An agent-based 
approach for adoption and diffusion modeling

‡*Presenter: Jingyi Qi, UNC-Charlotte, jqi1@uncc.edu
Co-Author: Nicole Barclay, UNC-Charlotte

SBG-9: Carbon Dioxide (CO2) Dynamics within Small Impoundments in the 
Urbanizing Landscape of Wake County, NC

‡Presenter: Stephen Richardson, NC State University, sgrichar@ncsu.edu
Co-Author: Christopher Osburn, NC State University

SBG-10: Modeling the effects of buffer placement and wetland conservation in 
the Cape Fear watershed
 
‡Amanda Roberts, NC State University, anrober2@ncsu.edu
Co-Authors: Katherine L. Martin, Georginia M. Sanchez, Ross Meentemeyer, NC State 
University; Ana M. Garcia, US Geological Survey; Danica Schaffer-Smith, The Nature 
Conservancy/Arizona State University; Julie DeMeester, The Nature Conservancy 
 
SBG-11: Remedial effects of urban forests on aquatic macroinvertebrate 
communities in an urban watershed

‡Hailey Shoptaugh, NC State University, Hnshopta@ncsu.edu
Co-Authors: Katherine Martin, Marcelo Ardón, and Chase Bergeson, NC State University

SBG-12: Green infrastructure in schoolyards as valued places for children to play 
and learn

‡*Zhenzhen Zhang, NC State University, zzhang59@ncsu.edu
Co-Author: Kathryn Stevenson, Katherine Martin, Yuan Yao, NC State University
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Notes
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and analysis of the relationships between lagoon densities and water quality, long-term 
impacts exerted on the environment through land use change and waste management 
cannot be fully understood. The present work aims to reconstruct historical the historical 
expansion of swine waste lagoons across the NC landscape through analysis of satellite 
imagery. A new methodology was developed to automate the presence of waste lagoons 
over time using the Landsat 5 images. Annual maps were created to visualize the spatially-
explicit growth of the swine industry in NC from 1984 to 1997. Ongoing work focuses on 
analyzing connections, or lack thereof, between historical water quality trends and swine 
waste lagoons densities for the coastal plain of NC.

AG-4: Potential water quality and flood mitigation benefits of on-farm water 
capture and use for irrigation: preliminary results of a field experiment in eastern 
North Carolina

 ‡Presenter: Hossam Moursi, NC State University, hamoursi@ncsu.edu
Co-Authors: Mohamed Youssef and Chad Poole, NC State University

On-farm water capture and use for irrigation system is an emerging practice for capturing 
and storing drainage water in small ponds and using this water for supplemental irrigation 
during dry periods. In addition to crop yield benefits, this practice also minimizes the net 
export of nutrient and sediment from agricultural fields to downstream surface water. 
Additionally, the on-farm ponds can potentially be managed for flood mitigation. We 
are conducting a field study on a farm near Bath, NC to investigate the crop yield, water 
quality, and flood mitigation benefits of water capture, storage, and use for supplemental 
irrigation. The field is equipped with a smart water management system that regulates 
drainage and subirrigation. A one-acre pond is used to collect runoff and drainage water 
from the farm and upstream forested land. Rainfall, surface runoff, subsurface drainage, 
and irrigation quantity and quality are monitored. Flow proportional composite water 
samples are collected. Results of 5 months-long monitoring (May-September, 2019) 
showed that the pond captured 27% of total drainage water, with average load reduction 
of 95% for total nitrate-nitrogen, 91% for total phosphorous and 99% for sediment. During 
Hurricane Dorian, the field received 6 inches of rain over 5 days generating 94 acre-inch 
of runoff and the pond was able to store 46% of the generated runoff. This reduces peak 
flows in streams following extreme events thereby reducing the risk of flooding.

AG-5:  Monitoring the spatial variability of soil moisture and precipitation 
partitioning in an agricultural field using fiber-optic distributed temperature 
sensing system

‡Presenter: Mahmoud Shehata, NC State University, mmebrahi@ncsu.edu
Co-Author: Chadi Sayde, NC State University

Developing high-resolution systems capable of monitoring spatial variability in soil 
properties is essential to understand soil water dynamics and its interaction with 
precipitation portioning. In this study, soil moisture conditions were monitored along a 600 
m transact in an Alfalfa planted field located in the Southern Great Plains atmospheric 
observatory in Oklahoma. Underground distributed temperature sensing (DTS) fiber-optic 
cables (FO) were installed at depths of 5, 10 and 15 cm from the soil surface. DTS setup 
continuously measures soil temperature profiles with a spatial resolution of 25 cm and 
temporal resolution <2 s. Six heat pulses were applied to the heating element in the first 
450 m of the middle ground FO cable over the night period and the corresponding FO 
cable temperature variation was used to estimate soil thermal conductivity. Three soil 
moisture stations were installed close to the deployed FO cables at different locations. 
Each moisture station consisted of EC5® sensors installed at the three FO cables depths 
with a fourth sensor installed at 25 cm depth. A soil moisture site-specific calibration curve 
was then derived from the thermal properties estimated from the applied heat pulses and 
the actual soil moisture data. The site-specific calibration curve was then used to map the 
spatial soil moisture profiles. The generated soil moisture data was then assimilated with 
precipitation data and other atmospheric measurements collected at the site to investigate 
the drivers for the observed spatial variability in soil moisture content and its interaction 
with the precipitation partitioning at the site.

AG-6: The agricultural industry and global groundwater system issues

‡Presenter: Julianna Tresca, UNC-Wilmington, julianna.tresca@aol.com
Co-Author: Peter Zamora, UNC-Wilmington

With an increasing global population, we are relying more than ever on groundwater 
reserves. Aquifers are being depleted faster than they can be replenished within our 

Agriculture

AG-1:  Modeling the effects of confined swine operations on microbial quality of 
surface water

* Presenter: Elizabeth Christenson-Diver, UNC-Chapel Hill, eliz@unc.edu
Co-Authors: Jill Stewart and Marc Serre, UNC-Chapel Hill 

Prior research suggests confined swine operations (CSOs) can contribute fecal indicator 
bacteria (FIB) to surface water, however, well-designed systematic research has not been 
done to understand how this association may be affected by differences in CSO geography, 
land use, and changes in season and precipitation. This longitudinal, landscape-scale 
watershed study evaluated how precipitation and land use affected the concentration 
of Escherichia coli in watersheds with varied influence from CSOs, while controlling for 
confounding human sources. Surface water samples were collected eight times in small 
watersheds with (n=13) and without (n=9) CSOs between August 2016 and August 2017 
resulting in 177 samples. We observed significantly higher (p< 0.001) mean concentrations 
of E. coli at swine sites (1,284 CFU/100 ml, 95% confidence interval (CI): 625-1,944) 
compared to background sites (687 CFU/100 ml, CI: 263-1,111) with swine samples 
exceeding the EPA recommendation for recreational waters more often than background 
samples (73% vs. 42%, prevalence ratio: 1.74, CI: 1.30 – 2.33, p< 0.001). We predicted 
E. coli concentration using four multiple linear regression models incorporating land 
use, precipitation, hydrologic, and exposure variables. Exposure variables approximated 
exposure to human and CSO fecal sources. Our best model (adjusted R2=0.41, AIC=319) 
demonstrated that when controlling for large effects from precipitation and effects from 
confounding human fecal sources, microbial water quality was, on average, poorer with 
increasing CSO size and proximity to surface water. These results have implications for 
state and federal policy, suggesting a need to recognize and regulate the discharge from 
CSOs during dry and wet conditions.

AG-2:  High resolution assessment of environmental impact of Miscanthus 
production

‡ Presenter: Andrew Hillman, NC State University, adhillma@ncsu.edu 
Co-Author: Chadi Sayde, NC State University

Novel varieties of Miscanthus has great potential in the growing bioenergy field in North 
Carolina, especially as a crop that can be grown on marginal lands. To evaluate the long-
term sustainability of an increase in Miscanthus land use it is important to assess the 
environmental impacts of Miscanthus production. This study focuses on the hydrologic 
effects, including water use and water quality changes associated with Miscanthus 
production. The objective is to determine, at a high spatial resolution, the drivers of 
variability in water use and nutrient leaching within Miscanthus fields. The project 
incorporates remote sensing technology through UAV imagery to locate spatial variability 
in the field. By using RGB, near infrared and thermal sensors, variations in plant health and 
water use can be located and targeted with instrumentation. This instrumentation includes 
low-cost weighing lysimeters for ET analysis and leachate collection, photosynthetically 
active radiation sensors for canopy cover analysis, as well as targeted sampling of soil, 
plant tissue, and water. In addition, an Eddy Covariance tower and runoff collection 
flume will be installed at the study location to determine ET and runoff for water balance 
purposes. The results of this study will give insight into the drivers of spatial variability 
of water use and nutrient loss, as well as a more complete understanding of the effect of 
Miscanthus on the water cycle. This poster will include preliminary UAV flight data and 
analysis as well as proposed methods for instrumentation.

AG-3:  Using satellite imagery to reconstruct the past: A case study of historical 
swine CAFO growth
 
*‡ Presenter: Lise Montefiore, NC State University, lrmontef@ncsu.edu
Co-Authors: Amanda Dean and Natalie Nelson, NC State University

North Carolina (NC) experienced a dramatic increase in swine production throughout the 
1980s and 1990s. Swine are usually raised in concentrated animal feeding operations 
(CAFOs), which generate large volumes of manure that are stored in open-air lagoons and 
later distributed over sprayfields. These lagoons were largely constructed prior to 1997, 
at which time a moratorium was placed on the construction or expansion of hog farms 
and lagoons in an effort to regulate the growth of the industry. This waste management 
strategy is attributed to several adverse effects on surrounding ecosystems and 
communities, particularly in the form of water quality impacts. Yet, without long-term data 
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CC-3: Weekly drought updates from Project Nighthawk: An interactive poster 
experience 

Presenter: Kirsten Lackstrom, Carolinas Integrated Sciences & Assessments (CISA), 
lackstro@mailbox.sc.edu 
Co-Authors: Rebecca Ward, State Climate Office of North Carolina, Corey Davis, State 
Climate Office of North Carolina 

The State Climate Office of North Carolina (SCONC) and the Carolinas Integrated Sciences 
and Assessments (CISA) are collaborating on a project to develop information and 
resources that will help water resource managers, extension agents, and other decision 
makers in North Carolina better understand and respond to drought events. One of the 
new products is a “weekly drought update”, an infographic-style resource that depicts 
the changes that are made to the North Carolina Drought map each week and explains 
how and why drought may be increasing or decreasing. The poster will show examples 
of recent infographics. We welcome feedback from poster viewers as we continue to 
refine and improve the content and design of these products. The North Carolina Drought 
Management Advisory Council has shared these weekly updates through their website 
(http://ncdrought.org/), and we distribute beta versions of the new products through a 
listserv. More information about the project can be found on the SCONC website (https://
climate.ncsu.edu/nighthawk).

CC-4: Condition monitoring in the Carolinas: Improving our understanding of 
weather-related impacts

‡Presenter: Leah Blackwood, University of South Carolina, Carolinas Integrated Sciences 
and Assessments (CISA), lmmoore@email.sc.edu  
Co-Authors: Amanda Farris and Kirsten Lackstrom, CISA

Since 2013 the Carolinas Integrated Sciences & Assessments (CISA) research team has 
supported the development of a citizen science volunteer network to provide weekly 
reports about the effects of precipitation, or a lack thereof, on the local environment. 
Volunteers submit these reports, along with daily precipitation measurements, through 
the Community Collaborative Rain, Hail, and Snow (CoCoRaHS) network. This “condition 
monitoring” approach was designed to help identify the onset, intensification, and recovery 
from drought to inform planning, preparedness, and response. The project began as a 
pilot in the Carolinas, then launched nationally in 2016. Since October 2016, volunteers 
throughout the United States have submitted over 40,000 reports, over 4,000 of which are 
from observers in North Carolina. The NC State Climate Office reviews these reports and 
shares relevant information with the Drought Management Advisory Council as part of the 
process to develop the State’s weekly drought map. Beyond drought, condition monitoring 
reports contain a wealth of information about a variety of weather events and their 
impacts, including winter weather, hurricanes, heavy rainfall,  flooding, and wildfires. To 
understand how condition monitoring reports can be used for other types of decisions, we 
are analyzing report content and interviewing National Weather Service representatives 
in the Carolinas to discuss how the reports might inform their work. This information 
will be used to develop guidance so that citizen scientists might improve and refine their 
submissions. This poster presentation will share results of the analysis and demonstrate 
how findings will be used to improve condition monitoring.

CC-5: Uncertainty assessment of the impact of climate change on weather 
extreme events in Ghara Sou river basin, Iran

‡Presenter: Elnaz Pezeshki, East Carolina University, Pezeshkie19@students.ecu.edu
Co-Authors: Ahmad Sharafati, Azad University, and Stephen Moysey, East Carolina 
University

The impact of climate change on weather extreme events is an important problem for 
forecasting risks to water resources and flood hazards around the world. Localizing the 
forecasts from global climate models (GCMs) to individual watersheds, however, can be a 
challenge that introduces significant uncertainty into watershed management over time. 
In this study, we investigate the impact of statistical downscaling of GCM predictions to 
the year 2100 on uncertainties in rainfall and temperature predictions for the Ghara Sou 
river basin in western Iran. The Ghara Sou is highly vulnerable to floods compared to other 
watersheds in Karoon basin, thus understanding how extreme weather events are likely 
to change in this region is of great importance to risk assessment. In this study, the output 
from 15 different GCMs with three different emission scenarios is used to assess the 
changes and uncertainty in rainfall depth and temperature (min and max) for three forecast 
periods: near future (2011-2030), middle future (2046-2065), and far future (2085-2099). 
To downscale the GCM output to the Ghara Sou basin, the Long Ashton Research Station 
Weather Generator (LARS-WG) was used to generate an ensemble of 20 weather record 

lifetimes. It is estimated that groundwater supplies in many regions globally will be 
depleted in a matter of decades. With over two billion people already suffering from water 
insecurity if we don’t make our groundwater extraction more sustainable it could lead to 
the collapse of agricultural industries, disappearance of surface waters, land subsidence, 
and salt water intrusion making groundwater unusable. Through analyzing the most 
updated literature over the past decade, we comprehend the withdrawals and conjunctive 
use added to keep stocks up, but we don’t understand the total storage of aquifers. The 
Gravity Recovery and Climate Experiment (GRACE) satellite mission has helped to paint 
a clearer picture of aquifers and their storage abilities on a global scale, but it is not 
perfect. To properly regulate groundwater extraction, we need full comprehension of 
how much reserves are stored in total. If we are going to make our groundwater reserves 
more sustainable for future generations, we need to implement tactical solutions such 
as: establishing definitive groundwater regulation, implementing more efficient irrigation 
practices, being creative in conserving what water resources we have, integrating new 
satellite technology with well-established groundwater monitoring techniques, and raising 
awareness. If we strive towards these goals, we can help mollify excessive groundwater 
aquifer depletion, salinization, land subsidence, preserve our agriculture industry, and save 
our water reserves for ourselves and future generations.

Climate Change

CC-1:  Leaf physiology responses of coastal tree species exposed to a gradient of 
sea water concentrations

‡Presenter: Steve Anderson, NC State University, smander6@ncsu.edu 
Co-Authors: Emily S. Bernhardt, Duke University, Ryan E. Emanuel, NC State University, 
Justin P. Wright, Duke University, and Marcelo Ardón, NC State University

Coastal wetlands are increasingly vulnerable to rapid changes associated with climate 
change, including more frequent storm events, drought, and saltwater intrusion. Trees 
are a crucial component to maintaining wetland ecosystem structure by controlling light 
availability to the soil and influencing biogeochemical cycling of nutrients and water. 
Our study examined the sensitivity of dominant tree species from freshwater, forested 
wetlands in the Southeastern U.S. to varying levels of saltwater exposure. Understanding 
species-specific stress responses to saltwater can help identify species that may provide 
early signals of salinity stress, which are indicative of coastal wetland ecosystem stability. 
We performed a 6-month greenhouse experiment to investigate whole plant productivity 
and physiology of six tree species (Acer rubrum, Juniperus virginiana, Nyssa sylvatica, 
Quercus nigra, Pinus taeda, and Taxodium distichum) when exposed to a gradient of 
fresh to mesohaline salt treatments (0.2-6 ppt). We found that increased soil salinity had 
varying impacts on leaf-level physiology that were species-specific, and time dependent. 
For example, leaf nitrogen increased and leaf carbon decreased with increased salinity in 
A. rubrum, J. virginiana, and T. distichum after six months of exposure. This study gives 
us a deeper understanding of species-specific responses of coastal wetland trees as 
precipitation patterns change and saltwater intrudes further inland.

CC-2: Short-range weather outlooks from Project Nighthawk: An interactive 
poster experience

Presenter: Corey Davis, State Climate Office of North Carolina, cndavis@ncsu.edu
Co-Authors: Rebecca Ward, State Climate Office of North Carolina, Kirsten Lackstrom, 
Carolinas Integrated Sciences and Assessments
 
The State Climate Office of North Carolina (SCONC) and the Carolinas Integrated Sciences 
and Assessments (CISA) are collaborating on a project to develop information and 
resources that will help water resource managers, extension agents, and other decision 
makers in North Carolina better understand and respond to drought events. Through 
surveys and focus group discussions, we identified a key need for short-range forecasts 
(1-4 weeks) that are concise, easily readable, and readily shareable to a variety of 
audiences through mechanisms such as emails, listservs, and social media. The poster will 
show examples of one-page fact sheets that convey National Weather Service outlooks 
using language and visuals that are accessible to non-technical audiences. These include 
descriptions of how expected weather patterns might affect North Carolina’s drought 
status, as well as the possible impacts to water resources, fire risks, and agriculture. 
Poster viewers will have an opportunity to provide feedback on the content and design of 
these fact sheets to help improve the products being developed through this NOAA-funded 
drought communications project. More information about the project can be found on the 
SCONC website (https://climate.ncsu.edu/nighthawk).
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realizations for each forecast period. These ensembles were then analyzed to determine 
local weather statistics for each forecast period. Future annual weather extreme events 
are figured by means of frequency analysis Results shows future extreme events increase 
significantly. The highest change in extreme rainfall rates increased over time.

CC-6: Improved accuracy of watershed-scale climate model runoff using deep 
neural networks

Presenter: Sheila Saia, NC State University, ssaia@ncsu.edu
Co-Authors: Joshua Rice and Ryan Emanuel, NC State University

Environmental scientists use climate model outputs including temperature, precipitation, 
evapotranspiration to study the impacts of climate change on water resources. A gridded 
climate model output may represent temperature for a large area on Earth’s surface (e.g., 
~100km by ~100km). However, the coarse and gridded nature of climate model outputs 
make them difficult to use at the watershed-scale because watershed boundaries are 
rarely grid-like. There are many ways to convert climate model outputs to watershed-scale 
runoff, but machine learning techniques such as deep neural networks (DNNs) have yet 
to be applied to this task. We used a large, publicly available dataset to train a DNN to 
convert climate model outputs to watershed-scale runoff for over 2,700 watersheds in the 
USA. The DNN accurately predicted watershed-scale runoff even when the runoff varied 
in space and time. The DNN outperformed all the grid-to-watershed-scale conversion 
approaches we tested. In summary, machine learning techniques like DNNs may help 
improve watershed runoff predictions, which may be especially helpful in regions of the 
USA experiencing climate change-induced drought (e.g., Colorado, USA) and flooding 
(e.g., North Carolina, USA). Finally, we discussed modeling best practices that may help 
environmental scientists interested in implementing DNN techniques.

Contaminants and Treatment

CT-1: Determination of pesticide occurrence in private wells by high-resolution 
mass spectrometry

‡Presenter: Nancy Lee Alexander, NC State University, nwmclean@ncsu.edu
Co-Authors: Carol Ball, Agilent Technologies, Inc. and Detlef Knappe, NC State University

Approximately 30% of North Carolinians rely on private wells as their primary source of 
drinking water. Because private wells fall outside of the purview of the Safe Drinking 
Water Act, occurrence data for pesticides are lacking. To address this challenge, my 
research aims to 1) develop robust non-targeted acquisition and data analysis workflows 
for identifying pesticides and pesticide degradates and 2) investigate the occurrence of 
pesticides, as well as other common contaminants, in private wells across North Carolina. 
A liquid chromatography – quadrupole time-of-flight mass spectrometry system was 
used to develop a large volume injection workflow. Pesticide mixtures containing a total 
of 31 compounds were used to develop 4 acquisition methods each in both positive and 
negative electrospray ionization (ESI) modes. Following data acquisition, MS data were 
analyzed using Agilent identification algorithms and an online WebApp developed by the 
US EPA while MS/MS data were analyzed using Agilent identification algorithms as well 
as Competitive Fragmentation Modeling for Metabolite Identification. Both MS and MS/
MS outputs were then paired and analyzed using a Python script developed by the US EPA 
to determine confidence of tentative identifications followed by Agilent’s Mass Profiler 
Professional to analyze significance and sample uniqueness.

CT-2: Biological activated carbon system harboring microorganisms that 
exchange electrons with activated carbon

‡Presenter: Qiwen Cheng, NC State University, qcheng2@ncsu.edu
Co-Authors: Juan Fausto Ortiz Medina and Douglas F. Call, NC State University

Pyrogenic carbonaceous materials (PCMs), such as biochar and activated carbon, are 
widely used to adsorb contaminants from water. Recent research has shown that they can 
also be redox mediators that drive contaminant biotransformations (e.g., denitrification, 
dehalogenation). PCMs can serve as electron acceptors/donors for pure-culture Geobacter 
and Shewanella species to degrade contaminants. However, little is known about whether 
or not microorganisms present in environmental systems, especially where PCMs have 
been already applied, can reduce/oxidize PCMs. These microorganisms may utilize PCM’s 
reactivity for contaminant degradation, which extends the benefits of PCM amendments. 
The objective of this study was to identify microorganisms from a PCM-amended system 
that exchange electrons with PCMs. We sampled a native microbial community from a 
biological activated carbon (BAC) filter, and provided granular activated carbon (GAC) as 

the electron acceptor and ozonation by-products (acetate, formate) as the electron donor. 
Our results indicated that the BAC community could oxidize acetate (but not formate) by 
reducing GAC. After three transfers, the acetate oxidation rates increased 4.3-fold, and 
microbial morphologies and GAC surface coverage became homogenous, indicating culture 
adaptation. Geobacter species were specifically enriched, with a relative abundance of up 
to 96%. Our findings demonstrate that GAC could serve as the sole electron acceptor for 
the BAC-derived microbial community, and that Geobacter was the primary GAC reducer. 
Our work suggests that providing GAC as the electron acceptor might enhance PCM-
mediated contaminant degradation pathways in full-scale water treatment systems.

CT-3: Electroactive point-of-use filtration systems for enhanced removal of per- 
and polyfluoroalkyl substances from drinking water

‡Presenter: Geoffrey Fylak, NC State University, gfylak@ncsu.edu
Co-Author: Tiffany Tang, Henry Ho, Detlef Knappe, and Douglas F. Call, NC State University

Per- and polyfluoroalkyl substances (PFAS), a class of ~5,000 compounds that are toxic 
and persistent, have been detected in drinking water across the country. Activated 
carbon (AC) is a widely used sorbent to remove PFAS. One challenge of using AC is its 
limited adsorption capacity for some PFAS, especially short-chain species. Manipulating 
the electrical behavior of AC may provide a solution to overcome these limitations. 
Our preliminary results in a proof-of-concept electrochemical cell show that applying a 
small voltage (1.0 Volt) to two activated carbon electrodes can increase the adsorption 
of PFAS by almost four times compared to electrodes without a voltage.  As part of 
a student-led project funded by the Environmental Protection Agency (EPA), we are 
exploring the feasibility of adapting this approach to point-of-use filtration systems. The 
goal is to provide homeowners, especially those in rural areas that rely on contaminated 
groundwater, a method to minimize their exposure to PFAS at the tap. In this poster, we 
will describe our efforts to 1) optimize electrical control of AC materials, and 2) integration 
of the electroactive filter into a point-of-use housing appropriate for home use. We expect 
that our results will provide foundational insight into PFAS electrosorption while moving 
the technology towards field applications in NC and beyond.

CT-4: Preliminary assessment of nitrogen treatment in a tertiary constructed 
wetland following detritus removal

‡*Presenter: Brock Kamrath, NC State University, bjkamrat@ncsu.edu
Co-Author: Mike Burchell, NC State University

The study site consists of two 24-year-old constructed wetland cells built to provide tertiary 
treatment for a wastewater plant that handles domestic wastewater. Continuous hydrology 
and water quality monitoring at both the inlet and outlet of the two constructed wetland 
cells began in September of 2018. Initial removal estimates for nitrogen species (NO3-N, 
NH4-N, org-N, and TN) indicated that the constructed wetland treatment performance 
was substandard. This was likely the result of unfavorable inlet nitrogen speciation and 
insufficient operation and maintenance practices. While minimal maintenance and energy 
requirements make constructed wetlands ideal low-cost treatment alternatives for minor 
wastewater treatment facilities, as they age regular maintenance is needed to prevent 
preferential flow paths and dams from developing due to detrital accumulation. To improve 
treatment at the site, 20 years of detrital build up was removed from wetland cell 1 in 
April and May of 2019. Wetland cell 2 was left in its initial condition, to serve as a control. 
Since the rejuvenation activities, improved hydrologic and nutrient removal performance in 
wetland cell 1 relative to wetland cell 2 has been observed. Further analysis will focus on 
the estimated load reductions associated with these improvements.

CT-5: Predicting lateral hyporheic exchange in the lower Cape Fear River: a tool 
for estimating fluxes of GenX and other emerging contaminants

‡Presenter: Henry McCormick, UNC-Wilmington, hdm5390@uncw.edu
Co-Authors: Peter B. Zamora and Ai Ning Loh, UNC-Wilmington

We determined hyporheic exchange across a 90-kilometer section of the Lower Cape 
Fear River (LCFR) in North Carolina using river morphology. Valley slope and sinuosity 
values were extracted from a LIDAR-based DEM to determine exchange rates at 3 km 
intervals. The hyporheic flux at any one point along the river ranged from 3.45x10-4 m 
d-1 – 2.61x10-3 m d-1 equivalent to exchange volumes from 62.23 m3 d-1 to 470.87 m3 
d-1 for LCFR. These represent 0.007 to 0.051 percent of the LCFR channel discharge. GenX 
concentrations in the groundwater adjacent to the banks of the CFR ranged from 344 
ng L-1 to 492 ng L-1 for samples collected near Elizabethtown, NC during low discharge 
conditions (June 2018 & October 2019) and 1.69 ng L-1 to 54.2 ng L-1 for samples 
collected near Tar Heel, NC and Kelly, NC during high discharge conditions (March 2019). 
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assumed to be human-caused (anthropogenic) contamination. However, an analysis of 
groundwater chemistry and strontium isotopes revealed that chromium is actually naturally 
occurring and, as confirmed by later work, is a wider-spread problem than previously 
realized. In addition to hexavalent chromium, vanadium, arsenic, and uranium are also 
known to occur in North Carolina groundwater at health-relevant concentrations. While 
certain geological formations tend to lead to higher concentrations of each of these 
contaminants, other geochemical factors, such as redox conditions and pH, play a large 
role in governing their ultimate concentrations. Recent studies have given us a better 
idea of the distribution of these contaminants, and what factors are most important in 
their contemporary occurrence, but there is still much research to be done to understand 
how future changes may impact groundwater quality. Though all of these elements are 
ultimately geologic in origin in most cases, it is still possible that human choices and 
activities have an effect on their concentrations in well water. More detailed analysis of 
aquifer solids, redox-sensitive isotopes, and depth/water table constrained data are just 
some of the possible ways in which geochemistry may help us better understand the future 
of water quality in North Carolina.

GW-3: Soil disturbance monitoring after timber harvest on national forests in 
Tennessee, Virginia, and North Carolina

Presenter: Zack Mondry, US Forest Service Enterprise Program,
zackary.mondry@usda.gov
Co-Authors: Ali Reddington, Cherokee National Forest, Jessie Howard, George 
Washington-Jefferson National Forest, Bob Eaton, USFS Southern Research Station, and 
Brady Dodd, National Forests in North Carolina

The Multiple-Use Sustained-Yield Act of 1960, the National Forest Management Act 
(NFMA) of 1976, and USDA Forest Service policy require sustainable management of 
natural resources on National Forests. The NFMA specifies that substantial and permanent 
impairment of productivity must be avoided. The Forest Service defines soil impairment 
as: detrimental changes in physical, chemical, and biological properties that result in loss 
of the inherent ecological capacity or hydrologic function of the soil. The requirement for 
sustainable management is achieved on forests through Land Management Plan goals, 
objectives, and standards for soil and water resources. National Forests in the Southern 
Appalachians previously identified a threshold for sustainable management as follows: 
at least 85% of an activity area maintains acceptable potential soil productivity following 
actions such as timber harvest. Following implementation of timber harvest projects, 
National Forests conduct resource-specific monitoring to assess whether plan standards 
were met and if they provided necessary protections. We assessed soil disturbance from 
mechanical equipment operations on timber harvest units in Tennessee, Virginia, and 
North Carolina after the protocol in Page-Dumroese et al. (2009). Sample grids produced 
in GIS and/or random transects were used to locate shallow soil pits throughout the units 
to assess the soil quality indicators of surface cover, soil erosion, displacement, rutting, 
compaction, and soil platy structure. These attributes influence site productivity and long-
term sustainability. Data were synthesized to estimate the percent of activity areas that 
were impacted by detrimental soil disturbance and assess whether management standards 
were achieved.

GW-4: Statewide ambient ground water quality monitoring in North Carolina

Presenter: Andy Neal, NC Division of Water Resources, andy.neal@ncdenr.gov
Co-Author: Kalli Unthank and Francis Oggeri, NC Division of Water Resources

In 2015, NC Department of Environmental Quality (DEQ), Division of Water Resources 
(DWR) initiated a statewide ambient ground water quality monitoring program to sample 
wells in the state-owned ground water monitoring network. Historically, these wells 
have been used to monitor ground water quantity rather than quality and are not located 
to identify contaminant sources or land-use practices of concern, however, they provide 
opportunities to collect data on ambient ground water quality. As the program has 
developed, the needs of many diverse programs in DWR and beyond have become apparent 
for this data. Questions encompass naturally-occurring contaminants of interest to the Coal 
Ash program, ground water contribution to nutrients in surface water, saltwater intrusion, 
and basic ground water chemistry of different aquifers. In addition to continuing a sampling 
program, we are building a data management program for ground water quality data 
collected by the Ground Water Management Branch. We have also created a ground water 
quality mapping interface available on our website. We have established collaborations 
with researchers and educators from Duke University, Virginia Tech, and NC State 
University, and continue to seek collaborators. This presentation covers an overview of 
ground water quality results from samples collected thus far, a comparison of ground water 
quality among Coastal Plain aquifers within NC, and an invitation for further collaboration.

These concentrations are the first reported values in the riparian zone along the CFR. The 
concentration variation suggests high spatial variability and possible seasonal dynamics 
in both the GenX concentration and potential flux into the LCFR from the groundwater 
discharge. Differences in river morphology throughout the LCFR led to variations in the 
GenX flux entering the LCFR from the groundwater. The GenX flux entering the LCFR ranged 
from 1.05x105 ng m-2 d-1 to 2.32x108 ng m-2 d-1. Considering the slower nature of flow in 
groundwater, our work suggests that GenX and other associated emerging contaminants 
may linger in the CFR.

CT-6: Pilot-scale cometabolic biological filters for the treatment of 1,4-dioxane at 
drinking water relevant concentrations

‡Presenter: Amy McElroy, NC State University, acmcelro@ncsu.edu
Co-Authors: Detlef Knappe and Michael Hyman, NC State University

1,4-Dioxane is a likely human carcinogen and occurs widely in drinking water. Conventional 
drinking water treatment processes do not remove 1,4-dioxane, but cometabolic 
biodegradation represents a promising alternative. Using an enrichment culture derived 
from NC surface water, pilot-scale biofilters were inoculated and operated to determine 
effects of filter media type, empty bed contact time (EBCT), and primary substrate 
(e.g. n-butane) on 1,4-dioxane cometabolism. In addition, I am evaluating whether the 
abundance of short chain alkane monooxygenase in filter backwash water is a reliable 
indicator of biofilter effectiveness for 1,4 dioxane biodegradation. Three filter media [2 
granular activated carbons (GACs), 1 carbonaceous resin] were evaluated at four EBCTs. 
1,4-Dioxane removal in biofilters was compared to non-inoculated controls. 1,4-Dioxane 
removal was maintained for >3 months in biofilters, while 1,4-dioxane removal in control 
GAC filters quickly ceased. At an EBCT of 30 minutes, 1,4-dioxane removal averaged 87% 
at steady state in one GAC biofilter. Reducing the hydraulic loading rate by 50% increased 
removal to >92%. In control filters, the carbonaceous resin removed 1,4-dioxane more 
effectively than GAC. 1,4-Dioxane removal was higher in biologically active resin filters 
than controls. Early evidence suggests that backwash water from biofilters capable of 
1,4-dioxane degradation contained short-chain alkane monooxygenase.

Groundwater

GW-1: Novel low-cost weighing lysimeter to monitor crop water use and deep 
percolation

‡Presenter: Ryan Ackett, NC State University, rwackett@ncsu.edu
Co-Author: Dr. Chadi Sayde, NC State University

Lysimeters are an important tool for direct measurement of water flux in the vadose zone. 
However, the cost of highly sophisticated and accurate weighing lysimeters presents 
a serious impediment to research. Few existing low-cost designs include a weighing 
component to differentiate percolation from evapotranspiration in the soil column, and 
none allow for control of tension at the lower boundary. This leads to significant collection 
errors due to convergent or divergent flow around the lysimeter. A novel low cost lysimeter 
design was developed which separately measures percolation and evapotranspiration, and 
also minimizes convergent and divergent flow by maintaining control over water potential 
at the lower boundary. The lysimeter body was constructed with PVC with a soil column 
depth of twelve inches and radius of six inches. The soil column was mounted on top 
of and weighed continuously by a load cell. A fiberglass wick was hung in contact with 
the lower boundary. By controlling the effective length of the wick, the suction applied 
to the lower soil boundary is manipulated. Tension at the level of the lower boundary 
was measured both within the soil column and in the surrounding soil, and water level 
within the wick pipe was adjusted to maintain similar tension at the lower boundary. A 
first prototype of the lysimeter will be installed at Lake Wheeler Field Labs, Raleigh. The 
performance of the lysimeter in terms of accuracy and robustness of ET measurements is 
compared to the Penman-Monteith model from atmospheric measurements at the site.

GW-2: Geochemistry is important for understanding inorganic groundwater 
quality in North Carolina

‡Presenter: Rachel Coyte, Duke University, rachel.coyte@duke.edu
Co-Author: Avner Vengosh, Duke University

A variety of inorganic contaminants have been shown to affect groundwater quality in 
North Carolina. Geochemical tools can tell us important information about water quality 
origins, and help us plan for a future under both land use and climate changes. When 
hexavalent chromium was first discovered in private wells around coal ash ponds, it was 
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of the method under bloom conditions, we evaluated the correlation between extracted 
chlorophyll a and Fluoroprobe-derived chlorophyll a as well as HPLC pigment analysis 
paired with CHEMTAX to Fluoroprobe group-specific chlorophyll an analysis from Maumee 
Bay and Sandusky Bay (Western Lake Erie) nutrient addition and dilution experiments 
(<10 ug/L to > 400 ug/L chlorophyll a). This analysis allows for investigating the efficiency 
of using the Fluoroprobe for naturally occurring diatom and cyanobacterial blooms. This 
comparative analysis will increase the efficiency, accuracy, and reliability of chlorophyll a 
measurements and representative bloom taxa in diverse aquatic ecosystems.

HAB-2: Developing an agent based model from novel water column reactor 
results to forecast harmful algal bloom (HAB) formation 

‡Presenter: Monica Camacho, NC State University, mccamach@ncsu.edu 
Co-Authors: Tarek Aziz, Emily Berglund and Daniel Obenour, NC State University

Cyanobacteria harmful algal blooms (HABs) appear in reservoirs worldwide, impairing 
our water supplies with a range of problems including taste, odor, and the presence of 
dangerous cyanotoxins. Conventional modeling of HABs is performed using population-
based models (PBMs), but PBMs do not consider the life-histories of individual organisms, 
which may better explain the collective behavior of phytoplankton. Agent-based models 
(ABM) are increasingly being used to simulate microorganism populations because they 
model the behavior and interaction of individuals to more realistically represent natural 
biological systems. This research focuses on creating an ABM to better predict HABs under 
various engineered and natural conditions. Here we present our results from an ABM 
developed in NetLogo and compare simulated results to data collected from experimental 
water column reactors (WCRs) designed to study phytoplankton behavior in shallow turbid 
reservoirs. Once calibrated to the reactors, the model’s parameters, such as turbidity, 
diffusion, and temperature, will be altered to explore how other environmental scenarios 
– like climate change – can impact phytoplankton community structure. The goal of this 
research is to create a tool for engineers and scientists to help explore phytoplankton 
community dynamics to predict and prevent the challenges associated with HAB formation. 
 
HAB-3: Morphology and land use predictors of harmful algal blooms in North 
Carolina reservoirs and lakes

‡Presenter: Lindsay Roth, Duke University, lindsay.roth@duke.edu
Co-Authors: Jake Greif1, Caroline Watson1, Tristen Townsend1, Kristine Swann1, Dr. Kateri 
Salk1, and Michael O’Driscoll2 – 1Duke University, Nicholas School of the Environment, 
2East Carolina University

Harmful algal blooms (HABs) are an increasingly pervasive issue in North Carolina. 
Because most of the lakes in North Carolina are human-made reservoirs, it can be difficult 
to define baseline conditions. This study investigated the physical and spatial variability 
and driving factors of HABs in order to improve resource allocation and management in 
the future. Chemical, biological, and physical data across 130 lakes was collected by North 
Carolina Department of Environmental Quality (NCDEQ) from 2006-2019, and these data 
were linked with land use (EPA EnviroAtlas dataset, 2011) and nutrient loading data (USGS 
SPARROW dataset, 2019). Multiple linear regression models were created and refined to 
determine the significant predictors of nutrients and biological indicators for each data 
type: physical characteristics, land use, and nutrient loading. Nutrients were negatively 
correlated with lake surface area and surface elevation. Biomass was negatively correlated 
with drainage area and lake volume, while chlorophyll a was negatively correlated with 
lake surface area, lake volume, and lake depth. Stream density had a strong positive 
correlation with nutrients, chlorophyll a, and biomass. Buffered agricultural lands were 
negatively correlated with both nutrients and chlorophyll a. Other significant predictors 
of HAB indicators included nutrient loading from swine operations, poultry operations, 
and pasture. In combination, these results suggest that systems at highest risk for HAB 
occurrence are small reservoirs located in dense stream networks, with watersheds 
dominated by land uses associated with high nutrient loading. These insights can help to 
inform land and water management aimed at HAB mitigation across the state.

HAB-4: Examining cyanotoxin food web contamination in the Chowan River, NC

‡Presenter: Aidan Smith, NC State University, arsmit21@ncsu.edu
Co-Authors: Emily Griffith1, Marco Valera1, Charlton Godwin2 and Astrid Schnetzer1 – 1NC 
State University, 2Fisheries Management Section, NC Dept. of Environmental Quality

Harmful Algal Blooms (HABs) are an increasingly common phenomenon in both marine and 
freshwater systems worldwide. In freshwater and estuarine environments, rapidly growing 
cyanobacteria continue to cause extensive environmental concerns. When toxin-producing 

GW-5: Impact of Hurricane Florence on water quality of North Carolina coastal 
aquifers

‡Presenter: Hayden Rudd, NC State University, hrudd@ncsu.edu
Co-Authors: Andy Neal and Nat Wilson, NC Department of Environmental Quality, Dave 
Genereux, Damian Shea and Elizabeth Guthrie Nichols, NC State University

The aquifers of the North Carolina Coastal Plain (NCCP) are an important source of potable 
water for the region. As rising global temperatures result in an increased occurrence of 
extreme storms and flooding in the NCCP, understanding the impact of these events on the 
water quality of these vital coastal aquifers is critical. Through a collaboration between 
NC State University and the NC Department of Environmental Quality (DEQ), emerging 
analytical chemistry methods have been utilized to characterize organic chemical profiles 
of NCCP aquifers impacted by extreme flooding from Hurricane Florence in 2018. Targeted 
mass spectrometry analysis was performed on groundwater samples collected by the NC 
DEQ during routine monitoring of coastal aquifer wells before Hurricane Florence. After 
some of these wells flooded during the storm, groundwater water samples were collected 
and the organic chemical features of the groundwater before and after the storm were 
compared using non-targeted and suspect screening high resolution mass spectrometry. 
Additionally, these groundwater samples were analyzed to determine the fraction of 
new water present in confined aquifers. The results of these analyses have been used 
to evaluate the vulnerability of water quality in NCCP aquifers to the effects of extreme 
flooding events.

GW-6: Spatial and temporal variability of nitrogen concentrations in groundwater 
near two onsite wastewater systems assessed using field sensors and laboratory 
methods

‡Presenter: Caitlin Skibiel, East Carolina University, skibielc16@students.ecu.edu
Co-Authors: Charles Humphrey, Guy Iverson, Michael O’Driscoll, East Carolina University

Onsite wastewater systems (OWS) discharge septic tank effluent to drainfield trenches 
installed beneath the land surface. Various physical, chemical and biological treatment 
processes may occur in soil beneath the drainfield trenches that reduce the concentration 
of pollutants in wastewater as it percolates toward groundwater.  Monitoring of 
groundwater near some larger OWS is required to determine if water quality standards for 
various pollutants such as nitrogen are exceeded.  Due to costs, most monitored sites have 
only three wells surrounding the OWS and the wells are only sampled three times a year.  
However, the number and location of wells and the frequency of sampling may influence 
findings with regards to water quality near OWS.  Field sensors that measure dissolved 
inorganic nitrogen (DIN) species including nitrate and ammonium have been developed that 
may allow for an economical way to measure DIN at a higher frequency than traditional 
laboratory methods. The goal of this study was to gain more information with regards to 
the spatial and temporal variability of DIN in groundwater near two OWS with extensive 
networks of groundwater wells (n > 20).   An objective of the project was to evaluate 
the spatial and temporal variability of DIN in groundwater beneath the OWSs using field 
sensors and traditional laboratory methods. The study was conducted over a 6-year span.

Harmful Algal Blooms

HAB-1: Efficacy of using fluoroprobe for rapid chlorophyll a and phytoplankton 
group differentiation during bloom conditions
 
‡Presenter: Malcolm Barnard, UNC-Chapel Hill, malcolm.barnard@unc.edu
Co-Authors: Haley E. Plaas1, Karen Rossignol1, Jeremy Braddy1, Justin Chaffin2, Thomas 
Rayburn2, Keara Stanislawczyk2, Halli Bair2, Jin Wei3, Bu Minsheng3, and Hans W. Paerl1 – 
1UNC-Chapel Hill; 2The Ohio State University; 3Hohai University, China
 
A major threat to freshwater systems is the proliferation of toxic cyanobacterial harmful 
algal blooms (cyanoHABs). Due to the widespread proliferation of these and other algal 
blooms, there is a need for rapid detection, quantification, and determination of the 
composition of blooms to better inform managers and the public about bloom dynamics. 
One method of rapid detection of bloom size and composition is the Fluoroprobe, which 
uses in situ fluorimetry to determine phytoplankton biomass (as chlorophyll a) and 
community composition (as chlorophyll a by group). Fluoroprobes are common laboratory 
equipment in water quality and phycology labs. Therefore, it is useful to understand how 
the Fluoroprobe compares with time-consuming, expensive, EPA-approved laboratory 
methodology. As with other in situ methods and fluorometic methods, there is a maximum 
limit of accuracy as a result of quenching the fluorescence signal. To evaluate the efficacy 
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Management and Policy

MP-1: Analysis of federal environmental justice analyses

‡Presenter: Kaitlin Brätt, NC State University, kgbratt@ncsu.edu
Co-Authors: Ryan Emanuel, Louie Rivers and Sheila Saia, NC State University

Executive Order (EO) 12898 requires federal agencies to address the needs of vulnerable 
communities that are disproportionately impacted by environmental burdens. Part of the 
implementation of this EO requires agencies to include environmental justice (EJ) analyses 
in federal permitting documents. These documents may cover permits related to the Clean 
Water Act, the Clean Air Act, Rivers and Harbors Act, and other federal laws. In the 25 
years since the EJ EO has been released, analyses have had a surprising lack of positive 
findings – the vast majority conclude that there is no significant impact on vulnerable 
communities. These conclusions have been widely criticized by researchers as well as 
the vulnerable communities located in areas covered by the permits. In an effort to better 
understand how these analyses are structured and handled in the environmental decision-
making process, we have begun analyzing the text of EJ analyses in federal environmental 
reviews. We collected and analyzed textual data on 18 federal environmental reviews 
of natural gas pipelines from filing years 2013 to 2017. We outline potential methods for 
systematically analyzing text, including steps required to structure and organize textual 
data. We discuss the implications for environmental decision-makers, practitioners, and 
affected communities.

MP-2: Nutrient criteria policy review and site-specific threshold application in 
North Carolina reservoirs 

‡Presenter: Kristine Swann, Duke University, kristine.swann@duke.edu
Co-Authors: Caroline Watson, Duke University, Leigh Stevenson, NC DEQ, Michael 
O’Driscoll, East Carolina University, and Kateri Salk, Duke University

In 2001, the Environmental Protection Agency requested states adopt nutrient criteria 
into water quality standards to address growing concerns over freshwater harmful algal 
blooms. Currently, 28 states have some form of nutrient criteria in place. A review of 
administrative codes through a 47-state-survey (excluding AK, HI, CA) allowed for an 
assessment of sub-sectioned lacustrine nutrient criteria. Site-specific criteria are the most 
common form, sometimes in tandem with broader-scaled criteria including criteria defined 
by ecoregion, hydrogeomorphology, and beneficial use. The most common water quality 
parameters that are used in nutrient criteria are total phosphorus (TP), chlorophyll-a, 
and total nitrogen (TN). These trends were broken down by ecoregions held in common 
with North Carolina to find ranges in nutrient criteria by ecoregion. Using insight from 
the national criteria review, various threshold methodologies have been applied to North 
Carolina’s High Rock Lake to assess potential policy implications at the site-specific level. 
TN and TP thresholds based on existing and proposed chlorophyll-a criteria for High Rock 
Lake have been evaluated. Preliminary results suggest that TN is a better predictor of 
chlorophyll-a in High Rock Lake than TP. TN has a clear correlation with chlorophyll-a, but 
TP relationships with chlorophyll-a are more variable. The application of quantile-based 
methodologies has also been explored. Given the variability even at the site-specific scale, 
it may be most effective and feasible for North Carolina to use site-specific criteria moving 
forward.

Rivers and Streams

RS-1: The answer is in the roots: Development of probabilistic bank erosion 
analysis curve by integrating root dendrogeomorphology and flow duration 
curves

‡Presenter: Emily Darr, Freese and Nichols, Inc./NC State University, emdarr@ncsu.edu
Co-Authors: Celso Castro-Bolinaga, Ashly Cabas, and Ilona Peszlen, NC State University

Streambank erosion has become a growing concern among society over the past decade. 
Development in previously rural environments has led to increases in impervious cover and 
changes in hydrologic conditions. Precipitation runoff is getting to streams quicker, with 
less time for runoff to infiltrate into the soil. Streambank stability becomes threatened 
with the increased flows and over time, erosion occurs, creating potential safety concerns. 
Depending on native soil properties, watershed characteristics, and anthropogenic 
influence, the severity of erosion can vary. Often, streambank erosion does not become a 
concern until infrastructure is threatened. Thus, the ability to determine erosion rates of 

species of cyanobacteria are present, water quality declines and can impact the health 
of both wildlife and humans. Severe bloom events in the Chowan River and western 
Albemarle Sound have more recently been associated with the presence of several 
cyanotoxins, most prominently microcystin and cylindrospermopsin. In this study, we tested 
for the presence of microcystin and cylindrospermopsin in commonly caught fish, blue crab 
and clams west of Edenton, where the Chowan River flows into the western Albemarle 
Sound. Various species were collected from May to October 2019 including perch, catfish, 
clams and blue crab. Samples included whole animals, muscle, stomach, and liver tissue. 
Here we present the data on animal burdens together with bloom data collected in the 
surrounding waters. As the first study of its kind for a NC estuary, this research provides 
urgently needed information for resource managers, stakeholders and citizens concerned 
with HAB-related issues in the area.

HAB-5: Tracing the transport of algal blooms from reservoir to estuary using 
satellite imagery and in situ hydrologic data

‡Presenter: Natalie Von Tress, NC State University, nvontre@ncsu.edu
Co-Author: Natalie Nelson, NC State University

The effects of land development on water quality are relatively well-known, and water 
management is employed to reduce consequences. In some instances, however, water 
resources management can drive unexpected water quality issues, such as for Lake 
Okeechobee in South Florida. This lake is instrumental in the region’s hydrology and, as 
such, has been scrupulously managed for flood prevention since the early 20th century. 
These practices, coupled with increasing urban and agricultural development of the area, 
have increased eutrophication in the lake, which has experienced severe algal blooms 
since the 1970s, causing economic and ecological loss. Increased water quality issues in 
the canals and estuaries to which Lake Okeechobee drains are attributed to the transfer of 
blooms from the lake itself, but little work has been conducted to quantify the relationship. 
The present work seeks to quantify the downstream algal concentrations using flow 
data and satellite images processed using the Cyanobacteria Index (CI) algorithm. The CI 
algorithm determines the algal bloom density and distribution in waterbodies and has been 
validated for the state of Florida. This work seeks to establish a method of bloom transfer 
estimation that can be transferred to North Carolina upon CI algorithm validation for the 
state. Ongoing work seeks to confirm estimations using in situ water quality measurements 
downstream of Lake Okeechobee.

HAB-6: Chemical and biological predictors of harmful algal blooms in North 
Carolina lakes and reservoirs

‡Presenter: Caroline Watson, Duke University, cw364@duke.edu
Co-Authors: Tristen Townsend, Duke University, Leigh Stevenson, NC DEQ, Michael 
O’Driscoll, East Carolina University, and Kateri Salk, Duke University

Harmful algal blooms (HABs) present a water quality crisis for freshwaters around the 
world, including North Carolina. Although the state has no nutrient criteria, specifically 
nitrogen and phosphorus, North Carolina follows guidelines for bloom occurrence based 
on phytoplankton density, biovolume, and relative abundance of HAB taxa. Since the 
drivers for HABs are complex, nutrient criteria are needed to provide better guidance for 
management decisions. Therefore, chemical and biological data from the North Carolina 
Department of Environmental Quality (NCDEQ) were analyzed to better understand how 
phytoplankton occurrence varies in response to various chemical, physical, spatial, and 
temporal conditions. Data from NCDEQ included 3,598 samples from 137 lakes, with most 
samples in the Piedmont. Predictors for chlorophyll-a were temperature, dissolved oxygen, 
pH, total phosphorus, total nitrogen, secchi depth, and biological indicators. Preliminary 
results suggest total nitrogen was a better predictor of chlorophyll-a as opposed to 
dissolved inorganic nitrogen. 29% of samples from the Piedmont region taken between 
2007-2019 exceeded the state chlorophyll-a standard of 40 µg/L. Preliminary biological 
model results indicate temperature, chlorophyll-ª, total nitrogen, and total phosphorus 
significantly predict phytoplankton density and biovolume. One important finding is current 
guidelines for bloom presence do not provide consistent determination of potentially 
harmful algal blooms. In the Piedmont, 57% of samples would be considered potentially 
harmful when using unit density versus 15% when using biovolume. This study will 
disentangle concurrent drivers, determine the likelihood of HAB proliferation, and provide 
recommendations on chemical and algal parameter thresholds, thus allowing for improved 
management in North Carolina lakes.
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and chemical parameters (temperature, pH, soluble reactive phosphorus (SRP), nitrate 
(NO3

-)) from the La Selva Biological Station, Costa Rica. At La Selva, low elevation streams 
exhibit higher solute concentrations due to inputs of geothermally modified groundwater 
(GMW). Here, we evaluate patterns in these biologically relevant nutrients over the period 
of data collection and assess how each nutrient concentration changes under different 
climate conditions over the same period at 17 stream sites. We find NO3

-, and thus N 
export from the system, increases during and immediately following El Niño events and 
in streams with GMW, SRP increases during El Niño events. During the period of record, 
we document 5 El Niño events, and thus greater export of nutrients to downstream rivers. 
Accordingly, we observe a wide range (103) in order of magnitude in molar N:P ratios, a 
previously used metric for nutrient limitation and ecosystem state. The responses of stream 
nutrients to climate cycles has potentially important consequences for stream function and 
biota, particularly under climate projections with more frequent El Niño events.

RS-5: Total- and methyl-mercury concentrations in two recently created UNCG 
wetlands and their nearby streams

‡Presenter: Kristina Morales, UNC-Greensboro, k_morale@uncg.edu
Co-Author: Martin Tsui, UNC-Greensboro 

Wetlands are ubiquitous features of the urban landscape that are recognized for their 
importance in habitat provision, stormwater management, and contaminant mitigation. 
However, they are severely understudied, particularly when it comes to mercury (Hg) 
cycling and the production of highly neurotoxic, methylmercury (MeHg). Creating wetlands 
in urban areas may have an unforeseen drawback: anoxic conditions are highly favorable 
for the microbial methylation of Hg to MeHg. In the aquatic environment, MeHg can 
extensively bioaccumulate and biomagnify in food webs leading to fish consumption 
advisories in many water bodies of eastern North Carolina. The University of North 
Carolina Greensboro Wetlands Project created two distinct wetland sites on campus in 
2017, resulting in significant increases in biodiversity, but a lack of knowledge regarding 
Hg cycling and MeHg production. In order to investigate the variation in Hg levels over 
time, these two wetlands have been studied seasonally, from 2017 till now. Water 
samples from each site and nearby streams have been collected. These samples were 
then analyzed for total mercury (THg), MeHg, and dissolved organic carbon (DOC). Current 
observed peaks in MeHg in the wooded site wetland (WS) are 200% higher than the those 
observed in the open site (OS) and coincide with slightly more anoxic conditions during 
summer and less sunlight (due to the presence of a canopy in WS). MeHg exchange from 
wetland sites to streams has implications for overall ecosystem health, water quality, and 
human health, as exposure to MeHg occurs through the consumption of contaminated fish 
in urban waterways.

RS-6: The Rocky Branch stream ecosystem, NCSU campus: the beginning of a 
long-term study

Presenter: Alonso Ramirez, NC State University, alonso.ramirez@ncsu.edu
Co-Authors: Augustin Engman, Brittany Babbington, Ana M. Meza, Mariely Vega

Urbanization is a major source of stress for stream ecosystems. Streams draining urban 
areas carry large solute loads, have altered geomorphologies, and are inhabited mostly by 
tolerant aquatic fauna. Physical restoration of channel features is a common alternative to 
improve the condition of stream ecosystems in urban areas. Understanding how restored 
streams function as ecosystems is a priority to help improve our ability to restore them 
in urban landscapes. Our goal is to focus on Rocky Branch as a focal site to study urban 
stream structure and function after restoration. Rock Branch is a small urban stream that 
flows through NCSU campus. Its restoration was completed in 2011 with sequences of 
riffles and pools evident in the upper section, a middle section that was day-lighted, and a 
lower section that now has floodplain habitat. We characterized macroinvertebrate and fish 
assemblages and assessed fish diets along Rocky Branch during 2019. Macroinvertebrates 
are abundant and dominated by tolerant taxa, including aquatic insects (dipterans and 
damselflies) and crayfish. Fish assemblages are composed mostly of Green Sunfish, an 
introduced species dominant in urban streams, and Goldfish. Sunfishes consume a wide 
variety of insect prey, with small individuals consuming mostly benthic insects and large 
individuals a variety of terrestrial prey. Overall, the stream maintains signs of degradation, 
but has a functional ecosystem. Our plan is to continue monitoring Rock Branch over time 
to understand how its ecosystem function.

RS-7: An integrated approach to evaluate the propagation of sediment pulses 
following dam removals: A case study from the Elwha River dams

‡Presenter: Abhinav Sharma, NC State University, asharm35@ncsu.edu
Co-Authors: Celso Castro-Bolinaga and Natalie Nelson, NC State University

streambank systems and sediment yield within those systems is important. Historically, 
BEHI (Bank Erosion Hazard Index) has been used in conjunction with root erosion rates to 
create local erosion rate curves. While BEHI is an industry standard for evaluating bank 
erosion, this index focuses on stream form rather than on stream function. Ellerbe Creek, 
located in east Durham, is a tributary that feeds into Falls Lake. Previously restored by the 
North Carolina Department of Mitigation Service (NC DMS), the creek has experienced 
an unexpected amount of erosion and sediment transport since the completion of its 
restoration and has caught the attention of the agency and researchers alike. Multiple lines 
of data have been collected on the creek to document erosion. The case study incorporates 
the JET (jet erosion test) and root dendrogeomorphology to develop a bank erosion duration 
curve for Ellerbe Creek while also validating the estimation methodologies.

RS-2: The impact of whole-watershed urban stream restoration on 
macroinvertebrate communities

‡Presenter: Jackie Hartman, UNC-Charlotte, jhartm22@uncc.edu
Co-Authors:  Dr. Sandra Clinton and David Vinson, UNC-Charlotte

Restoration is a powerful technique to enhance stream health by supporting biodiversity 
and improving water quality. Most restoration projects have been conducted at the 
small scale (<1km stream length) without additional improvements to the contributing 
upstream area which can lead to decreased restoration success. To research the impacts 
of urbanization on stream ecosystems, a multi-year large watershed-scale project was 
designed at the Reedy Creek Nature Preserve in Mecklenburg County, NC. Reedy Creek 
is a forested urban watershed in which over 40,000 feet of stream was enhanced. Pre-
restoration monitoring occurred from 2016-2017 and post-restoration monitoring began in 
2018 and is ongoing. Within the Reedy Creek watershed, 11 stream sites were established 
based upon the surrounding land use of agriculture (A1, A2, A3, A4), urban development 
(D1, D2), pond influence (P1), mainstem (R1, R2), and control with restoration (C1), and 
control without restoration (C2). At all sites, macroinvertebrates were collected seasonally 
using the NC Qual-4 method along 50m stream reaches pre-restoration and 100m stream 
reaches post-restoration due habitat availability. Macroinvertebrates collected in summer 
pre-restoration and summer post-restoration were analyzed by calculating Ephemeroptera, 
Plecoptera, and Trichoptera (EPT) richness, and the North Carolina Biotic Index (NCBI) 
thresholds for bioclassification. As post-restoration monitoring continues, we hypothesize 
that EPT richness will be greater post-restoration and NCBI scores will decrease indicating 
better water quality. In hopes, Reedy Creek will be a hallmark stream restoration project 
used to assess the success of future restoration projects.

RS-3: Evaluation of 2-d hydrodynamic models to improve scour predictions and 
countermeasures

‡Presenter: Rebecca Hatley, NC State University, rlhatley@ncsu.edu
Co-Authors: Celso Castro-Bolinaga and Chadi Sayde, NC State University

In the past thirty years, approximately 60% of bridge failures in the United States were 
caused by scour related issues. Bridge scour has been studied for several decades, but 
most equations in use are known to over predict the amount of scour sometimes by twice 
as much. This inaccuracy is largely because most methods of measuring scour hole depth 
occur after the storm event has passed and thus only accounts for the net scour depth 
rather than the maximum depth. This study, funded by the NCDOT, will develop a fiber optic 
distributed temperature sensing (DTS) approach to measure pier scour instantaneously 
in hopes of obtaining a maximum scour depth. The goal of the project is to compare 
HEC-RAS and Sedimentation and River Hydraulics (SRH) models to determine if it is 
feasible to obtain a more accurate prediction of scour while not compromising effort. To 
accomplish this goal, six sites across North Carolina will be evaluated using both models. 
One of these sites is the location of the DTS station. At this location, data will always 
be collected passively and will be collected actively during rain events. The hypothesis is 
that a decrease in temperature can be interpreted as the cable being exposed to water 
and the bed has scoured to that depth. The data from the DTS station will give a better 
understanding of scour dynamics which then can be applied to increase the accuracy of 
scour models.

RS-4: Long-term trends in nutrients in geothermally-modified groundwater 
influenced lowland tropical streams, Costa Rica

‡Presenter: Nicholas Marzolf, NC State University, nmarzol@ncsu.edu
Co-Authors: Alonso Ramírez, Catherine Pringle, Marcelo Ardón 

Long-term datasets are important to understand responses to climate cycles and human 
stressors in freshwater systems. We have collected a ~20-year dataset of stream physical 
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Stormwater, BMPs, and Green Infrastructure

SBG-1: Ecological treatment technologies to reduce nutrients and pathogens in 
runoff and drainage waters

Presenter: Natasha Bell, East Carolina University, bellna19@ecu.edu

Land use modifications and population growth have severely altered the hydrological 
and biogeochemical functioning of ecosystems. Additional environmental stressors such 
as intense and frequent storms and salinization events can worsen contaminant loads 
to already sensitive waterways. This enrichment of nutrients and pathogens has led to 
increased incidence and severity of harmful algal blooms and the rapid spread of plant and 
mammalian diseases. Sustainable, low-cost, low-maintenance treatment technologies 
are needed to intercept runoff and drainage from a variety of contributing sources, 
including agriculture and sewage treatment systems. During this presentation, I will share 
results from lab-, pilot-, and field-scale studies demonstrating the efficacy of subsurface 
woody-substrate bioreactors and floating treatment wetlands to remediate nitrogen and 
Phytophthora species from agricultural runoff and drainage. Hybrid constructed wetland 
systems, which are made up of multiple treatment cells of varying redox environments 
in series, are another promising wastewater treatment solution. I will discuss ongoing 
research on the potential of hybrid constructed wetland systems to reduce nitrogen and 
mammalian pathogens of concern from domestic onsite wastewater systems, municipal 
wastewater treatment plants, and stormwater runoff.

SBG-2: Prioritization of urban stormwater management through soil infiltration 
modeling and participatory mapping

‡Presenter: Chase Bergeson, NC State University, cbberges@ncsu.edu 
Co-Authors: Katherine Martin, Bethany Cutts, and Barbara Doll, NC State University
 
Increasingly urbanized watersheds are creating new challenges for stormwater 
management, as some relevant aspects of urban hydrology and their perceived impacts by 
communities are not well understood. Infiltration models commonly used in rainfall-runoff 
predictions are often based on relatively undisturbed soils; however, highly disturbed 
and compacted urban soils may function almost as impervious surfaces, with very low 
infiltration rates. When soils become highly altered, soil maps and land cover data alone, 
may not be sufficient to estimate infiltration rates across an urban watershed. As a 
result, models may frequently underestimate runoff volumes in urban areas. Additionally, 
urbanites may perceive issues of stormwater flow within a watershed that differ spatially 
from those predicted by models. Our research addresses these gaps in understanding 
using a sociohydrological approach that will help prioritize stormwater management 
within an urban watershed. First, we will quantify how well three of the most commonly 
used infiltration models simulate runoff across an urban watershed through in-situ 
measurements of soil infiltration rates. Then, we will measure the spatial distribution of 
public perceptions of stormwater flows and stormwater management practices through 
participatory mapping. The real-world data from these two phases of research will be 
compared to modeled data. Preliminary results show highly variable infiltration rates 
associated with different land uses within a watershed. These results could help inform 
new methods for infiltration modeling in urban watersheds and assist decision makers in 
better prioritization of urban stormwater management.

SBG-3: A novel method for measuring water flux density: Implementing pulse 
heated fiber optics to uncover flow paths and treatment volumes of regenerative 
storm water conveyance systems (RSC)

‡Presenter: Thomas DeBell, NC State University, tcdebell@ncsu.edu
Co-Author: Chadi Sayde, NC State University

Those who study the terrestrial hydrologic cycle or are interested in the biological, 
physical, and chemical processes that are influenced by water movement in soils often 
need measurements of the vadose zone. However, an accurate method for determining 
in-situ soil water flux density continues to be an uncertain, but highly sought-after 
hydrologic measurement. Through technological advancements, the precision and 
availability of tools for measuring in-situ soil parameters have increased dramatically. 
Although methods like multi-needle heat pulse approaches have demonstrated the ability 
to make point measurements of water fluxes, these offer limited viability in the field due 
to their minuscule sphere of influence and the need to understand flux densities behavior 
over large spatial scales. By utilizing the properties of optical fibers, we intend to improve 
this long-standing limitation by instead taking hundreds of simultaneous distributed 
measurements. By deploying a fiber optic system in a regenerative stormwater conveyance 

Citing ecological and economic benefits, over 1000 dams have been removed in the 
US during the last 30 years. This research focuses on developing a methodology that 
integrates numerical modeling, remote sensing, and data analytics to evaluate the 
propagation of sediment pulses following dam removals. Herein, the methodology is 
applied to a well-documented case, such as the removal of the Elwha River dams in the 
State of Washington, which began in September of 2011 and is the largest dam removal 
in the world to date. First, measured turbidity from multiple USGS stations across the 
State of Washington and top-of-atmosphere reflectance values obtained using Google 
Earth Engine were merged into a single dataset. The entire data were then trained using 
a random forest algorithm to develop a reflectance-turbidity predictive model to spatialize 
turbidity values throughout the channel. Lastly, channel width was extracted from NAIP 
imagery using supervised classification and subsequent distance analysis to setup a 
one-dimensional numerical model. Results of the proposed integrated approach will be 
compared with the large dataset collected after the removal of the Elwha River dams 
to assess, first, how well the reflectance-turbidity model reconstructs the long-phase 
propagation, and secondly, if these types of empirical models can be used to enhance 
the application of process-based numerical models in dam removal sites with limited 
information.

RS-8: Variability of soil properties and erodibility parameters of streambanks: an 
empirical approach and its implications on erosion rate predictions across the 
North Carolina piedmont region
 
‡Presenter: Alexis Swanson, NC State University, aeswanso@ncsu.edu
Co-Authors: Celso Castro-Bolinaga, NC State University; Periann Russell, NC DEQ Divison 
of Mitigation Services

Excessive erosion in streams is detrimental to ecosystems, threatening to the safety of 
humans and requires a substantial financial commitment. Streambank erosion, specifically, 
is a significant source of sediment and nutrient loading. It occurs when the average 
hydraulic boundary shear stress (τ) exceeds the critical shear stress (τ_c), which depends 
on the soil properties. The excess shear stress equation is typically applied to calculate 
streambank erosion rates, and its predictions are affected by the uncertainty associated 
with the soil erodibility coefficient (kd) and τc, collectively known as the erodibility 
parameters. Current empirical relationships used to predict erodibility parameters have 
variable results due to their dependence on in-situ vs. laboratory data, physiographical 
regions, and number of sites utilized for their development. This research addresses 
these limitations by developing a relationship specifically for the North Carolina Piedmont 
Region, and by quantifying the uncertainty associated with erodibility parameters and 
its impact on erosion rate predictions. A total of 40 stream sites where erosion rates 
have been monitored were selected to measure in-situ erodibility parameters using 
the Jet Erosion Test (JET). At each site, cores were collected to determine soil physical 
properties, a soil probe was used to measure moisture content, temperature, and electrical 
conductivity before each JET, and volumetric samples of channel bed material were 
collected to determine its grain size distribution. Field and laboratory data were then used 
to develop an empirical relationship for predicting erodibility parameters, and a process-
based model was applied to assess the observed variability on erosion rate predictions.

RS-9: Anthropogenic litter (trash) inputs in NCSU campus streams

‡Presenter: Jordan Williams, NC State University, jwilli19@ncsu.edu
Co-Authors: Jordan E. Williams, Chase B. Bergeson, Elly T. Gay, and Katherine L. Martin, 
NC State University

Freshwater ecosystems are important for supplying drinking water and sustaining life. They 
also provide transport downstream for nutrients, sediment, and materials, some of which 
can be detrimental to ecosystem health. For example, inland waters can be major sources 
of anthropogenic litter, or trash, from terrestrial runoff. This anthropogenic litter can be 
transported to coastal systems, contributing to the increasing problem of marine debris. 
Understanding of anthropogenic litter in freshwater ecosystems is currently limited. In this 
study, our goal was to quantify the amount and types of anthropogenic litter in streams 
on the North Carolina State University campus. Litter was collected from Walnut Creek 
and Rocky Branch Creek, which are both tributaries of the Neuse River. Once collected, 
the debris was rinsed and sorted in the following categories: aluminum, single use plastic 
bottles, straws, Styrofoam, plastic bags, and miscellaneous. We present the total amount 
(g) and types of anthropogenic litter in each stream. The results of this study will aid in 
estimating overall campus contribution towards marine debris on the North Carolina coast. 
Additionally, results will increase awareness of littering and runoff within the campus 
community.
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structure, we hope to uncover the behavior of subsurface water flow and make better 
predictions of the expected treatment an RCS may offer. The results from the existing body 
of work on this topic show high potential for optical fibers uses in applications under field 
conditions; however, many challenges remain. Deployment of pulse heated fiber optics 
requires precise spacing between cables and auspicious georeferencing. Despite these 
challenges, the long-sought-after ability to accurately measure water flux density would 
give hydrologists, engineers, and soil physicists a valuable tool to better understand the 
processes of infiltration, runoff, and subsurface transport.

SBG-4: Assessment of permeable interlocking concrete pavers to manage 
surface runoff in an urban watershed

‡Presenter: Lori Farley, East Carolina University, farleyl18@students.ecu.edu
Co-Author: Michael O’Driscoll, East Carolina University

Urban development increases impervious area, resulting in stream degradation referred 
to as the “urban stream syndrome”. Impervious surfaces, or “gray” infrastructure, include 
buildings, parking lots, sidewalks and roads that reduce absorption and percolation 
of precipitation and increase surface runoff. Green Stormwater Infrastructure (GSI) is 
designed to mimic natural landscapes by intercepting, absorbing, and filtering stormwater 
runoff to lower peak discharge and facilitate the improvement of urban streams. 
Permeable Interlocking Concrete Pavement (PICP) is a “green” alternative to traditional 
“gray” impermeable concrete pavement or asphalt. Porous pavement systems mimic 
the hydrologic characteristics of soils to reduce overall discharge to receiving waters 
and attenuate first flush concentrations by allowing stormwater runoff to infiltrate into 
a subsurface reservoir or exfiltrate to surrounding soils and recharge groundwater. The 
design of PICPs allows for the capture of total suspended solids (TSS) and pollutants in 
an underlying aggregate or soil layer as stormwater or precipitation infiltrate the void 
spaces between pavers. However, soil compaction and surface sealing can significantly 
reduce infiltration capacity and increase surface runoff. In order to reduce stormwater 
runoff generation on campus, ECU began replacing impervious areas with PICPs in several 
locations across campus in 2010. Currently, there are six areas on the ECU main campus 
with PICPs covering a combined area of approximately 34,295 square feet. This study 
evaluated the influence of PICPs on surface infiltration rates and compared the PICPs with 
compacted and uncompacted soils on campus.

SBG-5: Watershed response to land use and climate change in North Carolina

‡Presenter: Elly Gay, NC State University, etgay@ncsu.edu
Co-Authors: Katherine Martin and Ryan Emanuel, NC State University, Peter V. Caldwell, 
USFS Southern Research Station 
 
The conversion of land into impervious surfaces stresses freshwater resources by hindering 
the ability of watersheds to provide clean water, slow run-off, and maintain regular base 
flow. The negative ecological impacts of urbanization and resulting urban sprawl will 
exacerbate the effects of climate change and cause stormwater challenges that threaten 
human and aquatic ecosystem health. Population growth, and subsequent development, 
in the Southern Appalachian Piedmont region between Atlanta and Raleigh is among 
the highest in the country. Riparian buffers represent a best management practice for 
maintaining the hydrologic balance and mitigating against the effects of land conversion. 
Currently, North Carolina has a 50-ft, state-mandated buffer rule that applies in a limited 
number of watersheds. There is a significant gap in understanding the degree to which 
current riparian buffers will mitigate the continued effects of urbanization and a changing 
climate. To address this gap, we are using the Soil and Water Assessment Tool (SWAT) to 
model future streamflow in three HUC-8 watersheds, the Upper Neuse, Upper Catawba, 
and Upper Cape Fear. We are testing the benefits of three levels of buffer protection: 
none (currently applied in Upper Cape Fear), 50 feet (currently applied in Neuse), and 100 
feet (applied in parts of the Chesapeake Bay watershed) under an envelope of future land 
use and climate scenarios. Understanding the effectiveness of riparian buffers is crucial 
during a period of global change, where we are pressed to develop innovative strategies 
that promote adaptation to a changing climate and conservation of invaluable ecosystem 
services.

SBG-6: Nutrient and metal leaching losses from compost-soil blends

‡Presenter: Christina Kranz, NC State University, cnkranz@ncsu.edu
Co-Authors: Erin Rivers, Joshua L. Heitman, and Richard A McLaughlin, NC State University

Urban soils suffer drastic manipulation during construction, which results in degraded 
physical and chemical properties. Lack of organic matter and compaction are common 

characteristics of these soils. A new upper horizon can be created by incorporating 
compost into these soils in order to improve stormwater management. There has been 
a widespread interest in using compost to manage stormwater on roadsides, yet little 
research has addressed the appropriate rate of compost incorporation in urban soil to 
improve soil physical and chemical properties for stormwater management. The objective 
of this study is to determine the effects of compost amendment rates on nutrient and 
metal leaching in order to identify target compost rates for stormwater management 
on roadsides. Soil cores were prepared in the laboratory using a sandy loam soil mixed 
with certified yard waste compost at 0, 10, 20, 30, 40, and 50% by volume. Columns 
were leached with deionized water or simulated stormwater for several pore volumes to 
construct breakthrough curves for nutrients (nitrate, ammonium, and ortho-phosphate) 
and metals (copper, lead, and zinc). Results will allow us to determine nutrient and metal 
contributions from the compost as well as the potential for the compost-soil blends to 
improve stormwater quality during flow through. Ideally, we aim to identify compost rates, 
which improve soil physical properties substantially without creating a potential source of 
water pollution.

SBG-7: Subsurface-flow gravel wetlands: An innovative tool for mimicking 
natural hydrology?

‡Presenter: Caleb Mitchell, NC State University, cemitch5@ncsu.edu
Co-Authors: Sarah E. Waickowski and William F. Hunt III, NC State University

Urban development creates unsustainable flashy hydrology which consequently pulses 
intense hydraulic, sediment, and pollutant loads into receiving fluvial systems. Natural 
(undisturbed) landscapes yield sustainable hydrology with distinct subsurface pathways, 
predominately shallow interflow and groundwater surge. Historically, the mitigation of 
urbanization was accomplished by placing in-line detention systems at the outlet of the 
connected impervious surfaces thus reducing peak flows to pre-development rates. A 
subsurface flow gravel wetland – either as a new installation or as a potential detention 
basin retrofit – promotes the removal mechanisms of media filtration and sedimentation 
while storing pollutants in the submerged gravel surface inter-event. The subsurface 
water held among the gravel is analogous to shallow interflow and is similarly discharged 
into the stream during subsequent storm events when it is replaced by polluted event 
water. During shallow interflow, pollutants are subjected to many biogeochemical 
transformations, uptake, immobilization, and other treatment processes. In retrofit cases, 
the economic cost of retrofitting a detention basin will control the scope. Thus, if peak 
flow mitigation is not sufficiently compromised, then this retrofit (adding a continually 
submerged gravel layer and an overlying macrophyte growth media) without any basin 
earthwork and land acquisition may be highly desirable. In Greensboro, North Carolina, 
water quality and hydrologic monitoring of an undersized subsurface gravel wetland began 
in September 2019 and provides (1) a case study of the implications of retrofitting an 
undersized subsurface flow gravel wetland in an industrial watershed and (2) a means to 
examine design guidance for subsurface flow gravel wetlands treating stormwater.

SBG-8: Understanding the barriers to green infrastructure: An agent-based 
approach for adoption and diffusion modeling

‡*Presenter: Jingyi Qi, UNC-Charlotte, jqi1@uncc.edu
Co-Author: Nicole Barclay, UNC-Charlotte

In many parts of the world, green infrastructure (GI) is regarded as the sustainable 
and resilient stormwater management approach which utilizes natural processes for 
stormwater runoff control while providing other socio-ecological benefits. However, in the 
United States, there still are various barriers to adequate GI implementation, mainly in 
the form of perceptual limitations and governance shortcomings, given its relatively short 
span of implementation history. Particularly, cognitive biases such as the perceived risk of 
performance and resistance to new technologies can significantly hinder the advancement 
of urban sustainability and resilience expansion for stormwater management. Agent-
based modeling enables behavior-based simulations over the adoption and diffusion of 
innovations such as GI. To delve into this issue, this work presents an idea using the agent-
based approach to model the adoption and diffusion of green infrastructure in Charlotte, 
North Carolina. This method is tailored to the local audience because each region has its 
unique social dynamics and geographic characteristics. It will pave the foundation for a 
comprehensive understanding of the root causes of such barriers and the leverage points 
for alleviation if used in conjunction with system dynamics. This study can contribute to 
assist decision making or modification regarding the environment which can have profound 
consequences in the long run.
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SBG-9: Carbon Dioxide (CO2) Dynamics within Small Impoundments in the 
Urbanizing Landscape of Wake County, NC

‡Presenter: Stephen Richardson, NC State University, sgrichar@ncsu.edu
Co-Author: Christopher Osburn, NC State University

Rapid growth in Wake County, North Carolina over the past few decades has resulted in 
the construction of hundreds of retention ponds (“amenity ponds”) that capture and store 
surficial runoff from impermeable surfaces as well as drinking water reservoirs. Currently, 
there are hundreds of such impoundments identified in Wake County, with most falling 
between 1-10 acres in size and little is known about their water quality. In a spatial 
context, the impact of these small impoundments on carbon dioxide (CO2) dynamics also is 
unknown but expected to change over time and space. Over a five-week period between 
May and June of 2019, 12 waterbodies of varying size and location throughout Wake 
County were studied to determine temporal changes in CO2 partial pressure (pCO2), and 
the relative state of source or sink determined for each. Dissolved inorganic carbon (DIC) 
concentrations coupled with in-situ physical (temperature) and chemical (pH, dissolved 
oxygen) measurements, were made after repeat sampling trips during wet and dry periods. 
Across the 12 sites, the calculated pCO2 exhibited wide variability likely reflecting nutrient-
fueled primary production and respiration, yet overall was greater than atmospheric pCO2 
over the time series. Thus, during summer, these small impounds acted as a net weak 
source of CO2 to the atmosphere.

SBG-10: Modeling the effects of buffer placement and wetland conservation in 
the Cape Fear watershed
 
‡Amanda Roberts, NC State University, anrober2@ncsu.edu
Co-Authors: Katherine L. Martin, Georginia M. Sanchez, Ross Meentemeyer, NC State 
University; Ana M. Garcia, US Geological Survey; Danica Schaffer-Smith, The Nature 
Conservancy/Arizona State University; Julie DeMeester, The Nature Conservancy 

The implementation of riparian buffers and conservation of wetlands are well-established 
best management practices to protect water resources. There has been research done 
on their effectiveness on a local level, but little is known about their effectiveness at a 
regional or watershed level. The Cape Fear River of North Carolina is subject to increasing 
urbanization in the Triangle region and includes vast areas of agriculture in the Coastal 
Plain. These land uses create risk to downstream coastal health, but there are no basin-
wide policies at the state level to mitigate that risk. Our research will examine scenarios 
of strategic riparian buffer and wetland conservation throughout the Cape Fear River 
Watershed in North Carolina.

SBG-11: Remedial effects of urban forests on aquatic macroinvertebrate 
communities in an urban watershed

‡Hailey Shoptaugh, NC State University, Hnshopta@ncsu.edu
Co-Authors: Katherine Martin, Marcelo Ardón, and Chase Bergeson, NC State University

Forest management can be used to improve ecosystem services, including habitat for 
biodiversity and protection from anthropogenic disturbance. Anthropogenic activities 

commonly impact aquatic systems, although with proper management practices, these 
effects should be minimal. Incorporation of urban forests in a watershed is another way 
to protect vulnerable waterways from external stressors. One way to determine aquatic 
ecosystem health is by assessing aquatic macroinvertebrate community composition, 
as species are known to differ in their sensitivity to aquatic pollution. Furthermore, 
macroinvertebrates are key to ecosystem function, serving as the foundation for stream 
food webs. The Carl Alwin Schenck Memorial Forest in Raleigh, North Carolina, is a local 
urban forest which sits in the middle of the Richland Creek water basin. The surrounding 
area is primarily urban, with approx. 20% impervious land coverage. With I-440/Wade 
Avenue directly adjacent to the forest and the Richland Creek, we decided to examine 
the ability of urban forests to mitigate anthropogenic effects on macroinvertebrate 
communities here. We initiated a study with two primary goals: 1) to determine how 
macroinvertebrate population dynamics change deeper in the forest, further from the 
highway, and 2) to analyze these changes over time. We are collecting kicknet samples 
collected from four different sites within the forest periodically from November 2019 to 
March 2020. Trends in macroinvertebrate diversity and richness from these samples will be 
used to calculate any remedial environmental impacts that the Carl Alwin Schenck Forest 
has on stressors introduced by Wade Avenue. These analyses will be considered on both 
spatial and temporal scales. This study should provide a baseline for a comprehensive 
assessment of remedial effects of urban forests on urban watersheds. 

SBG-12: Green infrastructure in schoolyards as valued places for children to play 
and learn

‡*Zhenzhen Zhang, NC State University, zzhang59@ncsu.edu
Co-Author: Kathryn Stevenson, Katherine Martin, Yuan Yao, NC State University

Integrating green spaces into schoolyards is a promising strategy for providing 
universal access to nature. Diverse types of green infrastructure (GI) on schoolyards can 
simultaneously provide both regulating (e.g., flood mitigation) and cultural (e.g., settings 
for learning) ecosystem services. Here, define GI broadly as any type of green space. We 
measured the distribution of GI across public elementary schools in Raleigh, NC, and 
assessed how teachers and students use and perceive their schoolyards. We employed a 
multi-method strategy: (1) we classified land cover across school properties to characterize 
amounts and types of GI; and (2) surveyed teachers’ and students’ usage and perception of 
different GI types found on schoolyards. Land cover classification revealed lawn to be the 
dominant land cover in schoolyards (43%), trees and impervious surfaces occupied similar 
amounts of land (both are about 28%). What surprised us was that though 76% schools 
had a forest patch, only about 25% of total children surveyed were aware forest patches 
existed on their schoolyards. This mismatch suggests that forest patches in schoolyards 
might not be accessible to students. Children also selected forest patches to be the most 
effective GIs for rainwater reduction and the second-best place to learn, two observations 
that are supported by research. Children chose growing food as the most important 
function of their schoolyards, and they selected flower gardens as best places to learn. 
Based on those observations, we suggest increasing the accessibility of forest patches for 
play and learning, as well as incorporating gardens into student learning.
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Preliminary findings of the North Carolina Climate Science Report

Presenter: Klaus Albertin, NC Department of Environmental Quality, 
klaus.albertin@ncdenr.gov
Co-Author: Kenneth Kunkle, NC Institute for Climate Studies and co-authors of NC Climate 
Science Report

Climate variables such as temperature and precipitation can have a significant impact 
on ecosystem health. The Fourth National Climate Assessment (NCA4) (USGCRP, 2017) 
analyzed how climate has been changing across the U.S. and assessed how conditions may 
continue to change in the future based on different greenhouse gas emission scenarios. 
As part of Governor Cooper’s Executive Order 80, NC’s Commitment to Address Climate 
Change & Transition to a Clean Energy Economy, a Climate Science Report specific to North 
Carolina was developed by a multidisciplinary team. This report is based on the data and 
analyses used in NCA4 to identify potential changes to temperature, precipitation, and sea 
level rise within North Carolina’s ecoregions. This presentation summarizes key findings of 
the North Carolina Climate Science Report. Authored by Dr. Kenneth Kunkle (NCICS) and 
the NCCSR team.

Asymmetrical removal of salt during water desalination using capacitive 
deionization

Presenter: Yazeed Algurainy, NC State University, yalgura@ncsu.edu
Co-Authors: Shan Zhu and Douglas Call, NC State University

Capacitive deionization (CDI) is an emerging desalination technology that may provide a 
low-energy alternative to pressurized-membrane processes. In CDI, a voltage is applied 
across a pair of electrodes [typically porous activated carbon (AC)] and ions (e.g., Na+, Cl-) 
from the feedwater are electro-adsorbed to the electrode of opposite charge. One of the 
main limitations of using this technology is that the applied energy can be consumed by 
unwanted reactions (e.g., O2 reduction at the cathode) that negatively impact the removal 
of salt ions. Our goal was to study how these reactions impact salt removal as a function of 
electrode orientation (i.e., locating the anode upstream or downstream from the feedwater 
flow) in a CDI cell in which flow was directed through the electrodes. We found that the 
orientation had a strong impact on the removals of Na+, but not Cl-. Placing the anode 
upstream enhanced O2 conversion to hydrogen peroxide (H2O2) at the downstream cathode. 
This in turn limited the ability of the cathode to electro-adsorbed Na+ ions. In tests where 
we removed O2 from the feedwater, we observed nearly identical Na+ and Cl- removals in 
both orientations, confirming that O2- based reactions were impacting Na+  removals. The 
findings of this work show the significance of side reactions on salt removal and contribute 
to a better understanding of CDI-based desalination systems.

* Long-term water quality trends in a restored coastal wetland experiencing 
saltwater intrusion

Presenter: Marcelo Ardon, NC State University, mlardons@ncsu.edu
Co-Author: Emily Bernhardt, Duke University

Wetland restoration is being used as a climate and excess nutrient mitigation tool, 
particularly to protect nutrient sensitive coastal ecosystems. However, the capacity of 
restored wetlands to provide nutrient attenuation services is limited by fertilizer legacies 
and rising salinities downstream. We have been studying carbon, nitrogen, and phosphorus 
concentrations in surface and groundwater in a coastal plain restored wetland for 12 years. 
The area used to be an agricultural field before being restored to a stream and wetland 
complex. After the initial reflooding, we documented inorganic and total phosphorus 
release, due to mobilization of fertilizer legacies. Inorganic phosphorus release decreased 
after 6 years, but total phosphorus continues to be elevated 12 years after reflooding. We 
have also documented increases in nitrogen and decreases in carbon export associated 
with drought induced saltwater intrusion. It is unclear how long saltwater induced nitrogen 
release could continue to be a problem. In order for coastal plain wetland restoration 
to be a method for ameliorating nutrient runoff, we need a better understanding of the 
interactions between fertilizer legacies, rising salinities, and changes in frequency and 
severity of droughts.

* UV/Cl2 and UV/H2O2 advanced oxidation as treatment for algal toxins in drinking 
water

Presenter: Fateme Barancheshme, UNC-Charlotte, fbaranch@uncc.edu
Co-Author: Olya S. Keen, UNC-Charlotte

Algal toxicity is becoming a serious concern in water resources worldwide. Drinking water 
utilities have experienced water intake shutdowns caused by algal toxins. Microcystin-LR, 
-RR and -YR are the most common cyanotoxins in freshwater. The goal of this study was to 
assess UV/Cl2 and UV/H2O2 advanced oxidation processes (AOPs) as potentially practical 
drinking water treatment methods to oxidize algal toxins. This study also investigated how 
the change in molecular weight (MW) distribution of natural organic matter (NOM) during 
AOPs, including that of algal origin, affects disinfection byproducts (DBPs) formation. 
Drinking water samples were collected with no background algal organic matter and 
different water matrices were prepared by spiking toxins, extracted algal organic matter, 
and nitrate into water samples. AOPs were conducted on bench-scale and samples 
were exposed to UV doses up to 2000 mJ/cm2 to simulate full-scale UV dose range in 
AOPs. LC/MS/MS was applied for analysis of algal toxins after treatment. Formation of 
trihalomethanes, haloacetic acids, and N-Nitrosodimethylamine was measured using 
EPA methods after uniform formation conditions test. High performance size exclusion 
chromatography equipped with Sievers M9 dissolved organic carbon detector was used 
to assess the MW distributions of NOM in drinking water samples before and after 
treatment. The results of this research demonstrate a method to remove algal toxins in 
drinking water and minimize the formation of DBPs, which can be used as a guide for 
utilities, engineers and regulators for the selection of an optimal treatment process and 
condition.

Using ArcGIS as an educational and public outreach tool

Presenters: Hannah Barg, Triangle J Council of Governments Clean Water Education 
Partnership, hbarg@tjcog.org and Lauren Daniel, NC Department of Environmental 
Quality, lauren.daniel@ncdenr.gov

Community members want to feel like they are contributing to a greater good.  How do 
we help our communities feel empowered to make a difference in their watershed?  This 
session will have two environmental educators from TJCOG and NCDEQ demonstrate 
how they utilize ARCGIS maps and Survey123 to engage the public during school visits 
and educational outings. Through ARCGIS maps, we can teach students of all ages about 
water resources, stream health, and the environmental diversity that stretches from 
Murphy to Manteo. Specific programs included in this presentation are NC Division of 
Water Resources’ NC Stream Watch, and TJCOG’s Storm Drain Observer, and how these 
will support the current initiative to create Watershed Action Plans. NC Stream Watch 
is designed to guide learners of all levels through several questions/observations to 
determine a stream’s health.  NC Stream Watch also pairs well with a statewide map so 
students can learn about water resources throughout North Carolina. Storm Drain Observer 
is a classroom tool designed to model storm drain data collection done by stormwater 
engineers. High school students map storm drain locations and investigate pipes, flow 
direction, catch basin type/ material, and more. The data collected on the school campus 
can potentially assist local governments in their efforts to monitor, clean out and maintain 
storm drain infrastructure. Instead of using “direct instruction” to tell the students about 
these topics, Survey123 allows students to answer simple questions to navigate their own 
learning. Mapping the data submitted allows the students to analyze real-life information 
and draw meaningful conclusions. This session is geared towards informal educators, 
teachers, and stormwater engineers/ public works staff with an education requirement.  
We will spend time covering the tools themselves as well as how they can be used to 
activate community engagement and restoration projects. 

Piloting water loss control in North Carolina

Presenter: Drew Blackwell, Cavanaugh and Associates, 
drew.blackwell@cavanaughsolutions.com
Co-Author: Kavitha Ambikadevi, NC DEQ Division of Water Infrastructure 

The North Carolina Water Resources Research Institute (WRRI), in partnership with 
Cavanaugh and Associates and the NC Department of Environmental Quality (DEQ) Division 
of Water Infrastructure (DWI), engaged ten small and mid-sized water utilities across 
the state in a year-long, multi-phase water loss control pilot program from 2018-2019. 
The NC Water Loss Control Pilot Program utilizes the American Water Works Association 
(AWWA) Program for Water Audits and Loss Control, otherwise known as the M36 
methodology. The purpose of NC program was to provide drinking water utilities with a 
foundational understanding of the M36 methodology, how to apply it, and how water audit 
data may be used to assess and improve water loss performance at the utility level. DWI 
estimates in its Statewide Water and Wastewater Infrastructure Master Plan that “over 
the next 20 years, capital cost estimates for water system needs range from $10 to $15 
billion, while costs for wastewater system needs range from $7 to $11 billion.” Water 

* Denotes this presentation covers current or previous WRRI-funded work
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loss control is an essential part of water resource management for water utilities, as it 
represents an opportunity for natural resource recovery, financial recovery, and energy 
efficiency. The AWWA M36 establishes best practices for water loss management and 
they are recognized as such in the state’s Master Plan for achieving the state’s vision for 
infrastructure management, specifically by helping a utility take “proactive approaches and 
[make] informed decisions to construct, operate, maintain and renew/replace infrastructure 
that will minimize long-term costs.” This presentation will provide program results, lessons 
learned, and a look to future water loss control programs in North Carolina.

* Removing detritus to rehabilitate older constructed wetlands used in 
wastewater treatment

Presenter: Michael Burchell, NC State University, mike_burchell@ncsu.edu
Co-Authors: Brock Kamrath and Jack Kurki-Fox, NC State University

Constructed wetlands are a very good low-cost option for tertiary treatment of wastewater, 
particularly since they have been shown to efficiently remove nitrogen. They are also often 
inexpensive and limited amounts of fossil fuels are needed to build and operate these 
systems. Case studies regarding the performance of young (<10 years old) constructed 
wetlands are widely available in the literature. Many of these systems were constructed 
during the late 1990s to treat various pollutants, particularly in smaller towns; however, 
performance data from these systems as they age, and techniques to extend their useful 
life, is largely unavailable. One notable problem related to wetland age is that wetland 
plants and anaerobic conditions that are so important to pollutant removal combine to 
contribute to significant detritus accumulation over the years. A recent survey of existing 
systems in NC indicate little periodic maintenance and major detrital buildup, which can 
result in poor hydraulic performance and reduced treatment efficiency. The pollutant 
treatment efficiency and internal hydraulics of a 2 cell treatment wetland in north central 
NC has been recently studied. This presentation will provide an overview of how our team 
was able to diagnose a failing constructed wetland and the techniques attempted to return 
the wetland back to its original treatment performance. 

Citizen science to enhance wetland protection and education in NC

Presenter: Michael Burchell, NC State University, mike_burchell@ncsu.edu
Co-Authors: Rick Savage, Carolina Wetlands Association and Kim Matthews, RTI

Funded by the US EPA, a citizen science program to enhance wetland protection and 
education in North Carolina will be piloted from 2020-2022. The program will be a 
partnership of NC State University, Carolina Wetlands Association, RTI, and NC DEQ-DWR. 
This project comes on the heels of a number of successful intense wetlands monitoring 
and educational programs conducted mostly by staff at NC DEQ-DWR over the fifteen 
years. The future of a sustained wetlands monitoring and educational programs lead by 
DEQ and Universities in NC is uncertain, so this project will evaluate the feasibility of using 
citizen science as a way of conducting a long-term sustainable program. Volunteers will be 
coordinated through the Carolina Wetlands Association, trained in data collection and data 
management by faculty at NC State University, and data collected by the citizen scientists 
will be made available to the public by analysts at RTI. This presentation will provide an 
overview of the proposed strategy, sites identified for monitoring, and the timeline for 
implementation of the pilot study.

Climate change is challenging our waste treatment infrastructure 

Presenter: Lawrence Cahoon, UNC-Wilmington, Cahoon@uncw.edu

Central wastewater collection and treatment systems are critically important 
infrastructure, but the impacts of climate change-related phenomena have seldom been 
evaluated. One mode of failure by central wastewater collection systems, sanitary 
system overflows (SSOs), frequently results from excessive extraneous flows into those 
collection systems, termed inflow and infiltration (I&I). This study analyzed effects of 
variation in temperature, rainfall, and sea level on I&I on wastewater collection system 
flows in eastern North Carolina and used multiple regression analyses to evaluate these 
effects independently. Temperature effects on system flows were positive in situations 
where seasonal tourism was likely important, and negative when effects from seasonal 
evapo-transpiration on groundwater levels were likely dominant. Sea level variation, 
notably the spring-neap tidal cycle, drove significant changes in flows in coastal systems. 
Rainfall effects on I&I were most important across the region, frequently capable of driving 
very large excursions from average system flow values. Climate change is driving slow 
but steady increases in temperature and sea level, but likely manifests most importantly 
as increased frequencies of heavy rain events, which can cause SSOs harmful to coastal 
water quality while masquerading as storm water runoff.

USGS water resource projects in North Carolina

Presenter: Bruce Campbell, US Geological Survey, bcampbel@usgs.gov

The U.S. Geological Survey (USGS) was created by an act of Congress in 1879 and is a 
bureau within the Department of the Interior. The USGS serves the Nation as an unbiased 
scientific agency that provides scientific information about water resources, biological 
resources, geology, and mapping. The USGS completes studies and collects data on 
a regional and national scale, sustains long-term monitoring, and provides data and 
interpretative science in a timely manner. The USGS cooperates with local, state, and 
federal agencies to provide streamflow data and information that also are used by private 
utilities, engineering companies, recreationalists, and the general public. The USGS has 
a long history of water-resource investigations in North Carolina (NC), dating back to at 
least the late 1800’s. The first USGS streamflow gage in NC was established on the French 
Broad River at Asheville in September 1895. This streamflow gage, which was the first 
gage in the South and only the third east of the Mississippi River, has been in continuous 
operation since that time. In addition to the long history of collecting streamflow and 
groundwater data in NC, the USGS has completed various hydrologic studies of water 
quality, groundwater, and surface water that have helped local, state, and regional water 
planning efforts. A sampling of these studies will be discussed.
     
How can software design methods help environmental professionals? 

Presenter: Julia Cavalier, UNC Environmental Finance Center, jbeth@live.unc.edu

Software is designed for people to use. We’ve all had the experience of using software 
that may do a lot, but that is just painful to use! Contrast that with software you really 
liked. Was it simple? Intuitive? User centered design helps make products that support 
how users work – not just what users say they want. In order to do that, you need to know 
who your users are and sit down and watch them at work. You see what they say their 
job entails, and what work arounds they take to complete the job. Does the user start in 
one platform and then switch to excel? Does he walk down the hall to ask someone else 
questions? We really need to understand the details. The UNC Environmental Finance 
Center has developed water, wastewater, and stormwater dashboards for several states. 
My master’s project will apply user centered design to dashboards to develop dashboard 
design heuristics. This talk will describe literature review and describe how user centered 
design can help you present environmental data for the best impact.

Monitoring microbial surface water quality in the aftermath of Hurricane 
Florence: Part 4, E. coli

Presenter: Elizabeth Christenson-Diver, UNC-Chapel Hill, eliz@unc.edu
Co-Authors: Jill Stewart of UNC-Chapel Hill and Stewart laboratory: Collin Coleman, 
Alyssa Grube, David Holcomb, Kara Kochek, Nikhil Kothegal, Connor LaMontagne, Corinne 
Weisner, Lindsay Wickersham

Flooding from extreme weather events poses public health risks from the spread of pathogens 
in wastewater from damaged wastewater treatment plant and confined animal operation 
infrastructure. On September 14, 2018, Hurricane Florence made landfall in Wilmington 
and over three days brought 20-30 inches of precipitation in some parts of eastern NC. 
Challenges to microbial monitoring of surface water after extreme flooding events include 
access to samples and the lack of prior longitudinal data to compare post-flooding monitoring 
results. Here, we present four monitoring reports of microbial quality of surface water in 
Southeastern NC to assess the effects of extreme precipitation after Hurricane Florence from 
work directed by Sophia Kathariou at NC State University, and Rachel Noble and Jill Stewart 
at UNC-Chapel Hill. This session will include four presentations regarding post-Hurricane 
Florence monitoring for (1) Arcobacter butzleri presented by Sophia Kathariou, (2) Vibrio spp. 
presented by Rachel Noble, (3) Salmonella and Campylobacter presented by Collin Coleman, 
and (4) E. coli presented by Elizabeth Christenson-Diver. Longitudinal monitoring data before 
and after Hurricane Florence will be presented for E. coli concentration, antibiotic resistance, 
and MST markers in the fourth presentation. Discussions will center around precipitation-
related effects, possible sources of contamination, and lessons learned regarding monitoring 
in the aftermath of a hurricane and how to compare to baseflow conditions.

Ecological flows within the coastal plain: A progress report

Presenter: Robert Christian, East Carolina University, christianr@ecu.edu and Stanley 
Riggs, East Carolina University, riggss@ecu.edu

Ecological flows (EF) are those that minimize ecological impacts from human activities on 
surface waters. Initial efforts to establish EF criteria for water-resource planning in North 
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Carolina occurred through the EF Science Advisory Board in 2013. The Board’s proposals 
met political resistance. APNEP is continuing efforts with emphasis on waterways within 
the coastal plain. Establishing EF for waterways within the coastal plain is challenging for 
hydrogeomorphic and ecological reasons. Flows may be bidirectional, and often proxies 
for flow are used (e.g., water level or salinity position). Studies by NC Land of Water on 
patterns of flow and water level in and around Bertie County and Windsor were made for 
other purposes but provide insights germane to EF assessment. We examined patterns 
along the Cashie River and found the transition between unidirectional and bidirectional 
flows occurs within a short distance and far from ocean inlets. Bidirectional flow and water 
levels near Windsor depended strongly on downstream processes. And Albemarle Sound is 
a major control over the flows and levels of the Cashie, Roanoke and Chowan Rivers with 
substantial portions of each reflecting the Sound’s dynamics. We have identified factors 
that contribute to the difficulties of establishing EF of coastal rivers and provide examples 
of how these factors express themselves empirically. APNEP is fostering ways to identify 
and establish EF criteria within an important region of NC.

Overcoming the “Doesn’t GSI always cost more?” preconception barrier in 
Raleigh

Presenter: Trevor Clements, Tetra Tech, trevor.clements@tetratech.com
Co-Author: Kevin Boyer, City of Raleigh Stormwater Management Division

The City of Raleigh, North Carolina has developed a Green Stormwater Infrastructure (GSI) 
Cost Tool to support greater implementation of GSI in public and private development. For 
more than a decade Raleigh has pursued opening its doors to welcome GSI. In September 
2018 the City adopted revisions to 27 sections of its Unified Development Ordinance (UDO) 
to remove barriers and encourage the use of GSI throughout the City. Application of GSI is 
voluntary, so the City is seeking ways to stimulate interest. Despite the ordinance changes, 
the City often hears from developers and designers the question “Won’t incorporating 
GSI into my project cost me more?” The response of “Well, it depends” is often not very 
satisfying to the developer and rarely stimulates positive interest. Thus, the City has 
developed the Raleigh GSI Cost Tool as a means for assisting staff with providing credible 
information regarding the cost of incorporating various GSI features within a given site 
design. This presentation will provide an overview of the Tool, how it works, and how the 
City is using the Cost Tool to overcome the preconception of a cost barrier associated with 
GSI.

Monitoring microbial surface water quality in the aftermath of Hurricane 
Florence: Part 3, Salmonella and Campylobacter

Presenter: Collin Knox Coleman, UNC-Chapel Hill, cwrobert@live.unc.edu
Co-Authors: Jill Stewart and Rachel Noble of UNC-Chapel Hill and Stewart laboratory: 
Elizabeth Christenson-Diver, Alyssa Grube, David Holcomb, Kara Kochek, Nikhil Kothegal, 
Connor LaMontagne, Corinne Weisner

Flooding from extreme weather events poses public health risks from the spread of 
pathogens in wastewater from damaged wastewater treatment plant and confined 
animal operation infrastructure. On September 14, 2018, Hurricane Florence made 
landfall in Wilmington and over three days brought 20-30 inches of precipitation in some 
parts of eastern NC. Challenges to microbial monitoring of surface water after extreme 
flooding events include access to samples and the lack of prior longitudinal data to 
compare post-flooding monitoring results. Here, we present four monitoring reports of 
microbial quality of surface water in Southeastern NC to assess the effects of extreme 
precipitation after Hurricane Florence from work directed by Sophia Kathariou at NCSU, 
and Rachel Noble and Jill Stewart at UNC-Chapel Hill. This session will include four 
presentations regarding post-Hurricane Florence monitoring for (1) Arcobacter butzleri 
presented by Sophia Kathariou, (2) Vibrio spp. presented by Rachel Noble, (3) Salmonella 
and Campylobacter presented by Collin Coleman, and (4) E. coli presented by Elizabeth 
Christenson-Diver. Longitudinal monitoring data before and after Hurricane Florence will 
be presented for E. coli concentration, antibiotic resistance, and MST markers in the fourth 
presentation. Discussions will center around precipitation-related effects, possible sources 
of contamination, and lessons learned regarding monitoring in the aftermath of a hurricane 
and how to compare to baseflow conditions.
 
Focus on function with grasses & sedges

Presenter: Shannon Currey, Hoffman Nursery, Inc., shannoncurrey@hoffmannursery.com

Green stormwater infrastructure offers smart solutions and green spaces that can serve 
as community amenities. But creating truly appealing landscape features that will be 
embraced by the community is difficult. Based on informal surveys, we know that many 

of the problems with green stormwater infrastructure relate to the plant material. Recent 
revisions to North Carolina’s stormwater design manual have expanded the plants lists, 
giving more options to professionals specifying planting designs. Grasses and sedges 
are integral to natural plant communities, and literally form the foundation of green 
stormwater infrastructure. They reduce the need for maintenance, fertilizer, and pesticides. 
Their ability to anchor the soil and help manage runoff give them a workhorse reputation, 
but their aesthetic qualities make them essential for looks as well. Focusing on function 
and highlighting grasses and sedges from North Carolina’s stormwater design manual, this 
interactive session will help participants learn which selections work well in the Southeast 
and make sense for their project needs.

Assessing the feasibility of nitrogen and phosphorus recovery as struvite from 
nutrient-rich wastewater

Presenter: Samonty Das, UNC-Charlotte, samontydas85@gmail.com
Co-Authors: Zaied Bin Khalid, Nagamany Nirmalakhandan, Isuru Sachitra Abeysiriwardana, 
Abeysiriwardana Arachchige, Nurul Islam Siddique

Microalgae is efficient in recovering nitrogen (N), phosphorus (P), and heavy metals from 
wastewater under controlled environments. The nutrients in wastewater can be the good 
source for producing biofuel, recovering nutrients by algae. This research was initiated 
to demonstrate the feasibility of recovering nitrogen and phosphorus from algal biomass 
cultivated in primary-settled wastewater as struvite crystals for use as crop fertilizers. 
The algae biomass was processed by hydrothermal liquefaction (HTL) at a pressure of 
2000-2500 kPa and a temperature range of 3100°C to 3500°C. The yield of the process 
is biocrude oil and two by-products: phosphorus-rich biochar and nitrogen-rich aqueous 
phase. Phosphorus was extracted from the biochar using a basic solution, sodium 
hydroxide (NaOH) and an acidic solution, hydrochloric acid (HCl). Phosphorus extraction 
efficiency of ~97% was achieved with 0.5 Mole (M) NaOH solution at a temperature 
of 800°C in 120 minutes; that with HCl solution was ~74%. Alternatively, extraction 
efficiencies of samples at room temperature (250°C) were 68.6% with 0.5M NaOH solution 
and 84.8% with 0.5M HCl solution. Struvite precipitation was found to be optimal at a 
molecular ratio of 1:1.5:2 of PO4

3- : NH3-N: Mg2+ under moderately alkaline conditions, 
resulting in nitrogen (N-NH3) recovery of about 90% and phosphorus (P) recovery of 99%. 
The developed mass balance indicates that only 35% of NH3-N and 85% of PO4

3- could be 
recovered from the influent to the system.

Drought and climate in 2019: A year in review for North Carolina

Presenter: Corey Davis, State Climate Office of NC, cndavis@ncsu.edu

On the heels of North Carolina’s wettest year on record, 2019 saw more variable 
precipitation across the state, including a late-summer dry spell that rapidly evolved into 
a categorized Severe Drought. This look back at the past year will tell the story of how we 
went from flooding to drought and back again, focusing on the patterns at play on both 
large scales – such as the role of ridging in our flash drought – and smaller ones, such as 
local impacts from Hurricane Dorian. This presentation will feature a by-the-numbers look 
at 2019 and frame the year within a broader climate perspective. It will also set the stage 
for the talks that follow in this session about drought communication and planning, and the 
importance of preparing for both drought and flooding.

The Sustainable Rivers Program in the Cape Fear: A joint program between 
The Nature Conservancy and the Army Corps of Engineers to manage Corps 
infrastructure for improved downstream conditions

Presenter: Julie E. DeMeester, The Nature Conservancy (TNC), julie.demeester@tnc.org
Co-Authors: Will Spoon, TNC, Danica Schaffer-Smith, TNC/Arizona State University, and 
Gretchen Benjamin, TNC

The Cape Fear River Basin was added to the nationwide Sustainable Rivers Program 
(SRP) in 2016. SRP is a joint program between The Nature Conservancy (TNC) and the 
Army Corps of Engineers (Corps) to improve the health of rivers by analyzing how the 
Corps operates their infrastructure. The SRP attempts to analyze the effects from dams 
and use reservoir operations to enhance and manage downstream (and sometimes in 
lake) ecosystems. The Cape Fear SRP launched in October 2017 with an expert meeting 
to identify issues of concern in the basin. Following that, TNC and the Corps developed a 
100+ page literature review and analysis of conditions in the Cape Fear River Basin pre- 
and post-Jordan dam construction, including hydrologic extremes, biology and ecology 
flow needs. The literature review was designed to support and inform development of 
flow hypotheses for an expert e-flows workshop, which was held on Oct 1-2, 2019 with 45 
specialists that spanned disciplines and organizations. Experts crafted e-flow prescriptions 
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for reaches of the mainstem Cape Fear River between Jordan Dam and Lock and Dam 1. 
This presentation will review the effects of the dam, the stakeholder process, the e-flow 
recommendations for the river, and next steps in the program.

People, water, and septic: A coastal case study in Nags Head, NC

Presenter: Lindsay Dubbs, East Carolina University, dubbsl@ecu.edu
Co-Authors: Anna-Grey Anderson, Claire Bradley, Emily Galvin, Avery Morea, Linda D’Anna

The majority of wastewater generated in Nags Head is treated with septic systems, the 
efficacy of which can be threatened by the effects of climate change, such as sea level 
rise and increased storm intensity. Poorly maintained or inundated septic systems can 
negatively impact the quality of groundwater reservoirs by discharging undertreated 
wastewater during increasingly common flood events. Contaminated groundwater can 
interact with and degrade surface water quality in coastal communities like Nags Head. 
This was the second of a three-year study to explore the intersection of water levels, 
water quality, and human perceptions related to septic wastewater in Nags Head, NC. Our 
quantitative data analysis showed that more than half of one of the Town’s subwatersheds 
is susceptible to interactions between undertreated wastewater and groundwater. 
We used qualitative research methods to explore how stakeholder groups within the 
community perceive the risks associated with groundwater-wastewater-surface water 
interactions and found that residents we interviewed had varying perceptions of risk from 
inundated septic systems. We explored a novel means of outreach and education about the 
risks of wastewater-groundwater interactions by producing Flushed: A Potty Talk Podcast. 
Suggestions stemming from our work include further monitoring of water quality and level 
indicators to discern the extent and fate of undertreated wastewater contamination. We 
also propose expanding documentation of risk perceptions in the broader community to 
increase awareness of vulnerability.

The economics of improving coastal wastewater treatment under a changing 
climate

Presenter: Eric Edwards, NC State University, eric.edwards@ncsu.edu

Coastal Carolina communities that rely on decentralized wastewater systems need 
guidance on cost-effective investment to decrease nutrient loads in the face of expected 
sea-level rise and flooding under climate change. The economic efficiency of investment 
in new systems, retrofits, or alternative mitigation strategies requires an examination of 
the marginal benefits compared to the marginal costs incurred. In this ongoing work we 
estimate abatement cost functions for a variety of wastewater reduction approaches, 
and then create an integrated framework, known as a marginal abatement cost curve, for 
comparing these investments. Focusing on decentralized systems, including septic, which 
in some coastal Carolina communities constitutes 85% or more of wastewater treatment 
infrastructure, we create cost curves for three key pollutants: fecal bacteria, nitrogen, and 
phosphorous. One potential shortcoming of this approach is its inability to identify joint 
abatement opportunities and incorporate risk, which is overcome by utilizing elements of 
economic portfolio theory and the production possibilities frontier.

How salty are our streams? Using high-frequency data to characterize chloride 
exceedance events above ecologically-relevant thresholds 

Presenter: Rosemary Fanelli, US Geological Survey, rfanelli@usgs.gov
Co-Authors: Joel Moore, Towson University and Andrew Sekellick, US Geological Survey

Seasonal deicer applications increase conductivity levels and chloride concentrations in 
streams, which may contribute to lower stream biodiversity. Understanding where and 
when these concentrations exceed ecologically-relevant thresholds is needed to inform 
watershed management and protection activities. To address this management need, we 
leveraged data from 93 U.S. Geological Survey high-frequency conductivity monitoring 
stations whose locations spanned both climate and urbanization gradients across the 
eastern United States. High-frequency chloride time series estimates were generated for 
all 93 sites by developing surrogate models between discrete observations of chloride and 
specific conductance for both individual sites and for three regions with varying climate 
(i.e., Southeast, mid-Atlantic, and New England) by pooling data from sites within each 
region. These chloride time series datasets were used to quantify the amount of time 
chloride concentrations exceeded U.S. Environmental Protection Agency aquatic life 
criteria for chronic (> 230 mg/L) and acute (> 860 mg/L) exposures. Finally, land use, deicer 
application rates, and climate characteristics were used to explain chloride patterns. 
Specific conductance and chloride increased with impervious cover (IC) and increased with 
latitude from south to north. Chronic chloride criteria were frequently exceeded in sites 
with greater than 9–10% IC and median annual chloride greater than 30–80 mg/L. Deicer 

applications, mean annual temperature, and road density were the strongest predictors of 
median annual chloride concentrations. These results can be used to identify streams that 
are vulnerable to aquatic degradation from deicer contamination and highlight the value of 
high-frequency data for characterizing aquatic conditions.

Do sediment cores from Lake Sidney Lanier, Georgia, reflect on-site septic 
system phosphorus inputs?

Presenter: Sharon Fitzgerald, USGS South Atlantic Water Science Center, 
safitzge@usgs.gov
Co-Authors: Daniel Calhoun and Jeffrey Riley, USGS South Atlantic Water Science Center, 
and Jennifer Wilson, USGS Texas Science Center

In a cooperative study with the Gwinnett County Department of Water Resources, the 
USGS collected sediment cores in May 2018 from Lake Sidney Lanier, a large drinking-
water supply reservoir for the Atlanta area, to assess total phosphorus (TP) inputs from 
on-site septic systems (OSS) to the reservoir. Two sites were cored within each of three 
embayments, two with OSS, and one without OSS (control). Sediment analyses included 
bulk density, porosity, radioisotopes (210Pb, 226Ra, 137Cs), total organic carbon (TOC), 
total nitrogen (TN), TP, stable isotopes (TO13C, T15N), biogenic silica, and numerous 
elements. Non-steady-state sedimentation occurred at many sites. Accumulated sediment 
was generally inversely related to water depth and proximity to the dam, likely reflecting 
sediment entrainment with bottom withdrawals. Despite an anaerobic hypolimnion during 
summer, P isn’t released to the water column. Though soils and lake sediments are replete 
with P bound to clays coated with iron oxyhydroxides and have high iron (Fe) to TP ratios 
(>15), Fe reduction does not appear to be significant for releasing bound P. There was 
substantial overlap between the OSS sites and control site in the TOC, TN, TO13C, T15N, 
TOC/TN, TO13C/T15N, and Fe concentration profiles. In contrast, the OSS sites generally 
had higher TP concentrations than the control site. While OSS cannot be ruled out as the 
source of this “extra” TP in OSS sediments, given the similar carbon and nitrogen profiles 
between the OSS and control sites, this TP does not appear to be driving increased primary 
productivity as recorded in these cores.

How can an iPhone improve green infrastructure?

Presenter: Hunter Freeman, WithersRavenel, hfreeman@withersravenel.com

There was a time, not long ago, when computer programmers were the only ones using 
computers. Then Apple came along and pioneered the use of the mouse, windows, and 
eventually the society changing iPhone. Why were these devices successful? At their 
core they contained Apple’s design philosophy. They were electronic devices designed for 
humans, not programmers. We do not need to look very far back into the past to find a time 
when the vast majority of stormwater control measures (SCM) were designed solely by 
stormwater engineers. They were functional, but they seldom evolved with communities. 
They were stormwater centric designs, not human centric designs. Today’s shift towards 
Green Infrastructure is a move towards human centric design. When a SCM is the platform 
for activity and human interaction, we see the opportunities it creates: environmental 
protection, economic development, habitat, recreation, social hub, etc. The human 
interface must come first in our designs. Green Infrastructure has the potential to be a 
catalyst for maximizing the benefits that come when we foster communication between 
land use and the end user. But to achieve this success we must collaborate with our peers. 
Green Infrastructure is a living, breathing, organism that must be allowed to constantly 
evolve alongside society. To design for resiliency, we must allow for evolution, and to allow 
for evolution we must take a long-term view. We must consider not only the design and 
construction, but the maintenance, the costs of ownership, and periodic updates to the 
SCM programming.

Stormwater management in an ever-changing climate

Presenter: Hunter Freeman, WithersRavenel, hfreeman@withersravenel.com

North Carolinians are currently living in an era where 500-yr storms seems to be 
commonplace, washing away the memory of a recent crippling drought. Today, storm 
cells and cloudbursts drop as much rain as a hurricane but only 10 years ago our lakes 
were historically low. Today’s climate is chaotic. While annual rainfall totals increase, 
it’s the distribution of the rainfall that has the most impacts on livability.  Soon we’ll see 
updated IDF curves that will have a direct impact on our models, but there’s more work 
needed to build sustainable and resilient communities. We need to rethink our definition 
of the stormwater management network. The stormwater management industry will have 
to adapt in a number of ways to continue to deliver on promises of protecting citizens 
and property. The changing climate impacts design of all aspects of the stormwater 
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management system – from inlets and collection systems to the design of large flood 
control impoundments. But as we adapt our modeling and permitting strategies, we 
cannot forget that we need to design systems that work for both extremes. The landscape 
matters, and how we incorporate stormwater infrastructure into the landscape will 
determine our success. We are polarized between economic gain or environmental 
preservation, but we quickly forget that the secret to maintainable compromise is through 
prioritizing the human benefit. This presentation will use case studies of recent projects 
across North Carolina as a lens through which we can discuss the impact that intensifying 
rainfall has on our designs.

NC Drinking Water Incident Response Toolkit

Presenter: Emily Williamson Gangi, ncIMPACT, UNC School of Government, 
emily.gangi@unc.edu and Jill Moore, Associate Professor, UNC School of Government, 
moore@sog.unc.edu 

When drinking water systems fail or water becomes unsafe, communities may be left 
unprepared. Incidents such as floods, infrastructure failures, or contaminations may create 
real or perceived threats to the safety of drinking water. To help with preparedness, the 
North Carolina Drinking Water Incident Response Toolkit assists local governments to 
be ready for and respond to drinking water incidents. The Toolkit was developed by the 
22-member Drinking Water Working Group (DWWG) convened by the ncIMPACT Initiative 
at the UNC School of Government. The final product is a succinct, downloadable resource 
that is specific to North Carolina’s needs. Because any community can be vulnerable to a 
drinking water incident, this guide is designed to help local governments be as prepared as 
possible to respond if and when incidents occur. The guide is based on the principles that 
preparation is crucial, inclusive, collaborative, and considerate of varying needs specific to 
certain communities. The toolkit is available online at: drinkingwater.sog.unc.edu.

Scoring restoration priorities in stream and watershed restoration and protection

Presenter: Ana Maria Garcia, US Geological Survey, agarcia@usgs.gov  
Co-Authors: Georgina Sanchez, NC State University, Mitchell Eaton, US Geological Survey, 
Jennifer Keisman, US Geological Survey

Compensatory mitigation programs have been established by the Clean Water Act to 
replace the loss of wetland and aquatic resource functions in the watershed because of 
urban development. The North Carolina Department of Environmental Quality Division 
of Mitigation Services (NCDEQ DMS) administers a nationally recognized compensatory 
mitigation program to offset the impacts of new development projects by restoring, 
establishing, enhancing, or preserving stream and wetland resources in the North 
Carolina. As a result, decision makers seek to identify the best opportunities for functional 
improvement of aquatic resources. Functional improvements include restoring or enhancing 
streams and wetlands to mitigate sediment and nutrient sources and address important 
transport pathways to streams spanning diverse geographic contexts. The U.S. Geological 
Survey (USGS), in collaboration with NCDEQ DMS developed a data-driven framework 
to provide best-available science for restoration decisions. The framework includes: 
engaging in a Structured Decision-Making process, development of model of water quality 
function using the USGS SPAtially Referenced Regressions On Watershed attributes 
(SPARROW) model and a web-based mapper of decisional information. Restoration 
priorities are identified by quantifying sources of water quality stressors (nitrogen, 
phosphorus, and sediment) across all streams in North Carolina. The framework scores 
restoration opportunities by quantifying what pollutant sources are actionable, such as 
agriculture and urbanization derived nutrient loads. In addition, we quantify landscape 
values by developing a stakeholder driven value functions for mitigating features in the 
landscape such as reservoirs and floodplains which reduce sediment delivery to North 
Carolina estuaries by up to 48%. In this presentation we will showcase the framework as a 
prototype for scoring restoration priorities in other contexts across the country.

Community science: Bringing together local government and academia to study 
post-hurricane water contamination in North Carolina private wells

Presenter: Andrew George, UNC- Chapel Hill Institute for the Environment, 
andrewg@unc.edu
Co-Authors: B. Freeman3, K. Wait2, R. Kriss2, K. Gray1, M. Edwards2, K. Pieper4 - 1UNC-
Chapel Hill, 2Virginia Tech, 3Iredell County Public Health Department, 4Northeastern 
University

Private wells in North Carolina supply over a quarter of the state’s population with drinking 
water (Dieter et al., 2018), yet as many as 26 percent of these unregulated systems contain 
contaminants at levels that exceed health-based standards under the Safe Drinking Water 

Act (SDWA) (Sanders et al., 2011; DeFelice, 2016). In the fall of 2018, two major Hurricanes 
(Florence and Michael) brought record-setting rainfall and flooding to the state, inundating 
over 330,000 private wells in 23 NC counties (NGWA, 2018). To assess the impacts of 
this flooding on private wells, researchers at Virginia Tech and the UNC Institute for the 
Environment worked with community partners to conduct community science (or citizen 
science) sampling campaigns to collect post-flooding well water samples. Using a variety 
of recruiting approaches, we successfully sampled over 1,300 private wells in 18 NC 
counties in 2019.  The largest sampling event occurred in Iredell County, where a unique 
partnership among community leaders, the local health department, and researchers 
resulted in collecting 786 samples from residents concerned about drinking water quality 
in the context of local diagnoses of thyroid cancer and flooded coal ash storage sites. 
Residents collected first draw and flushed samples from kitchen taps to evaluate metal 
contamination. Data from Iredell County showed 31 percent of wells exceeded a federal 
primary or secondary drinking water standard (required for municipal systems) and 91 
percent exceeded a state health goal for Chromium 6 or Vanadium. This presentation will 
highlight results from this project and lessons learned from using community science to 
engage private well users concerned about toxic metal contamination.

Urbanization alters coastal plain stream carbon export and ecosystem 
function 

Presenter: Adam Gold, UNC-Chapel Hill, gold@unc.edu
Co-Authors: Suzanne Thompson, UNC-Chapel Hill, Caitlin Magel, Oregon State University, 
and Michael Piehler, UNC-Chapel Hill

Coastal plain streams in the southeastern US supply carbon that supports important 
coastal ecosystems, but the effects of urbanization on carbon export from these streams 
has not been extensively studied. This study aimed to determine how urbanization changes 
coastal plain stream organic matter quality, carbon export, and stream ecosystem function. 
Organic matter quality, organic carbon export, and dissolved oxygen concentrations were 
measured for multiple years in North Carolina coastal plain streams that spanned a 
gradient of urbanization. Dissolved organic matter (DOM) quality shifted from characteristic 
blackwater in minimally impacted streams to clear streamwater in urban streams due 
to large reductions in chromophoric DOM concentrations, aromaticity, and molecular 
weight. Additional differences in DOM quality and characteristics of dissolved organic 
carbon export suggests that urbanization reduced natural sources of DOM and provided 
urban sources of DOM that varied based on watershed-specific attributes such as 
wetland and stream canopy cover, the presence of stormwater ponds, and leaky sanitary 
sewers. Particulate organic matter in the urban streams was indicative of more labile 
autochthonous sources than that of the less impacted streams, and rates of particulate 
carbon export increased with watershed impervious surface cover (ISC). Diel excursions of 
dissolved oxygen increased with watershed ISC, showing that urbanization and associated 
changes in carbon and nutrient cycling altered stream ecosystem function. Ecosystem 
function of southeastern US coastal plain streams and downstream ecosystems would 
be better maintained by protecting natural wetlands, using constructed wetlands rather 
than ponds for stormwater management, and restoring stream-floodplain connectivity and 
stream canopy cover.

The basics of ecological flows and recommendations of the Ecological Flows 
Science Advisory Board

Presenter: Chris Goudreau, North Carolina Wildlife Resources Commission, 
chris.goudreau@ncwildlife.org

This presentation will provide an overview of the concept of ecological flows – the 
amount of water necessary to maintain the physical, chemical and biological attributes 
and functions of lotic systems. The basic types of ecological flow recommendations 
or standards will also be discussed. Finally, a brief summary of the work and 
recommendations of the North Carolina Ecological Flows Science Advisory Board will be 
provided to set the stage for the remaining talks in this session.

Understanding coastal issues through virtual reality

Presenter: Merlyn Guevara, East Carolina University, guevaram16@students.ecu.edu  
Co-Authors: Nicholas Weaver, East Carolina University, Leah M. Wiitablake, Clemson 
University, Stephen Moysey, East Carolina University, Rui Wu, East Carolina University, and 
Kelly Lazar, Clemson University

Not every student has the opportunity to go out to the beach and do fieldwork. However, 
virtual reality (VR) allows students to become immersed in a real-world environment 
outside the traditional classroom. Turtle Experience is a VR simulation that allows 
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users to play the role of a scientist conducting research on the declining sea turtle 
population. Within the experience, users research real-world factors that impact the 
sea turtle population, use tools found commonly in the field, and analyze data and come 
to a conclusion about how to tackle environmental issues impacting sea turtle habitat. 
Throughout the experience, players go on a series of expeditions that revolve around 
observing Light Pollution, Plastic Pollution, Water Quality, Beach Modifications, and Nest 
Threats. Prior to an expedition, the player watches a video where they get introduced to 
the tools used and how the topic they will be investigating, can be harmful to sea turtles. 
Once the player has collected data in each expedition, they take the information back to 
the lab to be analyzed and learn the foundational elements of the issue that sea turtles 
face. Turtle Experience is being developed for the HTC VIVE with Unity and SteamVR. We 
use the Unity UI system to render images, data, and other elements as well as create 
buttons that bind together to create an immersive and realistic scientific experience. 
Turtle Experience uses these elements to create an effective learning experience in which 
users will retain knowledge learned throughout the expeditions. To maximize learning 
opportunities, this project will be shared in the conference exhibit room as well as during 
an exhibit promo talk. 

Wastewater infrastructure tipping points: Prioritizing implementation of climate 
adaptation plans in decentralized systems 

Presenter: Jane Harrison, NC Sea Grant, jane_harrison@ncsu.edu
Co-Authors: Charles Humphrey, East Carolina University, Michael O’Driscoll, East Carolina 
University, Eric Edwards, NC State University, Jared Bowden, NC State University, and 
Katie Hill, University of Georgia

Climate change increasingly threatens the effectiveness of coastal wastewater 
infrastructure. High tide flooding and extreme precipitation events, as well as sea level 
rise result in immediate and long-term losses of system functionality. Of special concern 
to rural areas and small towns is the functionality of decentralized, or on-site wastewater 
treatment technologies. These systems are at risk with impaired ability to process 
contaminants, which may lead to human illness, ecosystem damage, and ultimately the un-
livability of communities that depend on them. By characterizing the relative vulnerability 
of wastewater technologies under different climate conditions, communities will be able 
to prioritize climate adaptation investments. The research will be conducted in the coastal 
Carolinas in partnership with communities already experiencing infrastructure threats 
due to climate change and will result in key information needed to make the economic 
case for investments to safeguard water resources, specifically via investments in onsite 
wastewater infrastructure. The effort builds on existing understanding of decentralized 
wastewater infrastructure functionality by wastewater facility operators, private septic 
experts, and coastal community decision makers and will demonstrate the relative 
effectiveness of alternative wastewater technologies on the removal of three pollutants: 
fecal bacteria, phosphorus, and nitrogen. Economic analysis will be used to estimate the 
marginal economic return on wastewater infrastructure climate adaptation technologies. 
Legal analysis will identify alternative wastewater technology regulatory barriers and 
solutions. Deliverable products include transferable protocols that coastal decision makers 
and adaptation professionals can use to plan and prepare for climate change with regards 
to decentralized wastewater infrastructure.

USGS Water Data Jam: A spotlight on present and future water data

Presenter: Krissy Hopkins, US Geological Survey, khopkins@usgs.gov
Co-Authors: Jessica Cain, Andrea Medenblik and Charlie Stillwell, US Geological 
Survey 

This interactive session will kick off with a water trivia game highlighting past, present, and 
future monitoring efforts of the U.S. Geological Survey (USGS) in North Carolina. Participants 
will be introduced to ways to access and view USGS water data (i.e., streamflow, water 
quality, groundwater, precipitation), and will hear about examples of creative ways that 
these data are used to answer questions and learn more about water resources. After the 
data walk-through, participants will engage in an interactive activity to brainstorm what kind 
of water data is needed to address future water challenges in the region.

The first beaver deceiver in Raleigh

Presenter: Rob Hopper, CDM Smith, hopperrv@cdmsmith.com

The first beaver deceiver in Raleigh was installed through a beaver dam in 2019 at the 
Walnut Creek Wetland Center with the help of a local youth group. This lightning talk will 
explain how it worked to promote coexistence and why it didn’t last very long.

FIMAN-T: NCDOT’s management and response to flood impacts

Presenter: Mathew Hornack, ESP Associates, Inc., mhornack@espassociates.com
Co-Author: Matthew S. Lauffer, NCDOT

During Hurricane Florence, the State of North Carolina experienced significant flooding 
that included unprecedented impacts to the transportation system in the eastern part 
of the state. Many roads, including Interstate Highways were inundated and closed for 
days, impacting not only routine travel throughout the state, but the ability for emergency 
responders to reach areas in need. During and immediately following the event, many 
questions concerning impacts to the transportation system arose from senior leadership 
that could not be readily answered. To assist the NCDOT, ESP is developing FIMAN-T, a 
web application that can be used to provide real-time and forecasted flood inundation 
/depths along roads, bridges, and other NCDOT assets. FIMAN-T was developed in 
conjunction with North Carolina Emergency Management. The application expands 
upon the successful FIMAN application that was already in place to monitor flood levels 
along streams and provide real-time inundation mapping and impacts to buildings. This 
presentation will provide a brief history of the FIMAN application and explain the drivers 
for development of FIMAN-T. The system architecture will be overviewed prior to providing 
a walk-through of the application highlighting its features and use.  Finally, future steps to 
further enhance and grow the application will be presented.

Wetland forest conservation prioritization mapping

Presenter: Lucia Ibarra, Dogwood Alliance, lucia@Dogwoodalliance.org
Co-Authors: J.P. Schmidt, University of Georgia and Spencer Phillips, Key-Log Economics

Wetland forest ecosystem services are worth more than $500 billion. But wetland forests 
are constantly under threat by external forces, including demand for timber, conversion 
to intensively managed plantations or agriculture, urban expansion, invasive species, 
pollution, sea-level rise, and climate change. Over the next 30 years, how will we protect 
the valuable services our southern wetland forests provide? What can we gain if we do the 
right thing? And what do we stand to lose if we do not invest in our forests? We calculated 
the ecosystem services value of wetland forests in the U.S. South, and then investigated 
how the value would increase if we protected more land, extended natural riparian buffers, 
and managed forests more responsibly. The priority maps identify the most important 
watersheds as defined by biodiversity (e.g., presence of reptiles and amphibians found 
nowhere else on earth), surrounding human communities (e.g., percent unemployment), 
and stressors (e.g., projected sea level rise). Watersheds along the coastal plain were 
repeatedly identified as among the most important to protect due in part to their high 
concentrations of unique species. Previous reports have found that restoring and conserving 
wetland forests in the U.S. South will provide extensive financial, social, and environmental 
benefits. One of these, released by the Dogwood Alliance in 2018, revealed that restoring 
and conserving wetland forests could increase their value by over $45 billion USD.

Nutrient and microbe transport in surface waters at a hog farm with lagoon 
covers and anaerobic digestion: A preliminary assessment

Presenter: Guy Iverson, East Carolina University, iversong18@ecu.edu
Co-Authors: Charles Humphrey, Michael O’Driscoll, John Hoben, and Lauren Richardson, 
East Carolina University

Animal agriculture is an important part of the economy in North Carolina; but finding 
sustainable methods of animal waste management remains a challenge. Past research has 
shown that concentrated animal feeding operations (CAFOs) can be sources of nutrients 
(e.g., nitrogen and phosphorus) to groundwater and surface water downgradient from 
the CAFO. Alternative waste management systems (e.g., capped lagoons and anaerobic 
digestion) have been adopted at some CAFOs to mitigate environmental damages and 
generate energy; however, few studies have quantified how these practices affect water 
quality. The goal of this study was to quantify surface water quality upgradient and 
downgradient of a CAFO that uses lagoon covers and anaerobic digestion. Water samples 
were collected from 5 surface water sites (upstream, downstream, and groundwater 
seeps near spray fields) and the waste lagoon approximately monthly from October 2019 
to January 2020; sampling will continue until April 2020. Samples were analyzed for total 
dissolved nitrogen, phosphate, and Escherichia coli at East Carolina University. At the same 
time of sampling, physicochemical parameters (pH, dissolved oxygen, oxidation-reduction 
potential, conductivity, temperature, and turbidity) and discharge were measured. At the 
time of abstract submission, nutrient and microbe results were not readily available and 
are pending analysis in January 2020. The findings of this study will elucidate the influence 
that the studied CAFO had on local water quality in comparison to previous studies 
conducted at traditional CAFOs that found surface water impacts.
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Bioretention media evolution: Design and maintenance implications

Presenter: Jeffrey Johnson, NC State University, jeffrey_johnson@ncsu.edu
Co-Author: Bill Hunt, NC State University

Bioretention cells (BRCs) have quickly become one of the most popular methods to treat 
stormwater runoff for pollutants. As biologically-based filters, bioretention, and their 
media, undergo physical and chemical changes over time. This presentation will detail 
the findings of a field study of 28 bioretention cells in central North Carolina. Soil media 
samples were collected and analyzed for media percent sand, silt, and clay, phosphorus, 
nitrogen, and carbon. BRC design and watershed characteristics were also examined for 
impact on analyzed constituents through traditional statistical comparisons and random 
forest machine learning analysis. Phosphorus concentrations and clay and silt portions 
of bioretention media significantly increased with age while carbon-to-nitrogen ratio 
(C:N) significantly decreased. Phosphorus concentrations were significantly different 
between jurisdictional areas in which sampled BRCs were located. Phosphorus was 
significantly less in BRCs which included a forebay as a pre-treatment device while C:N 
was significantly higher in BRCs with a forebay. From a longevity and maintenance point 
of view, forebays can provide significant benefits to BRC performance and targeted areas 
for maintenance. Random forest analysis highlighted the particular importance of media 
specification enforcement, forebays, media depth, and media texture. Overall, should 
bioretention cells be built and maintained properly, changes in media over time should 
allow continued pollutant removal performance, and in some cases, may even lead to 
improved pollutant removal.

Outreach to private well owners on the potential for radionuclide contamination

Presenter: Evan Kane, evan.kane@wakegov.com and Amy Keyworth, 
amy.keyworth@wakegov.com, Wake County Groundwater Protection and Wells Section

A review of past testing data revealed that uranium was the most common contaminant 
to exceed drinking water standards in wells in Wake County, yet few well users or the 
private sector professionals supporting them were aware of the threat. Wake County 
Environmental Services worked across departments and partnered with outside agencies 
to develop a notification and assistance campaign for 15,000 private well households 
potentially exposed to naturally occurring radionuclide contamination in wells. This 
campaign involved extensive collaboration and education at many levels: government, 
academia, private business owners, and well users. Wake County’s efforts are sustainable 
and repeatable.

Assessing long term variability in nutrient loading to Jordan and Falls Lake using 
hierarchical Bayesian modeling

Presenter: Kimia Karimi, NC State University, kkarimi2@ncsu.edu
Co-Authors: Jonathan Miller, Sankar Arumugam, and Daniel Obenour, NC State University

Nutrient pollution is a widespread environmental problem that degrades water quality 
worldwide. This is especially true in North Carolina (NC), where reservoirs and coastal 
systems are subject to hypoxia and harmful algal blooms. Implementing effective nutrient 
management action calls for understanding and quantifying nutrient source types. 
However, loading rates from various urban and rural non-point sources remain highly 
uncertain, and reported values vary greatly across different studies. To address these 
issues, we developed a mechanistically parsimonious watershed model calibrated within 
a Bayesian hierarchical framework that incorporates inter-annual changes in land use and 
precipitation as temporal drivers of nutrient loading and transport. We model the Jordan 
and Falls Lakes watersheds of the NC Piedmont over a four-decade period (1982-2017). 
Bayesian inference systematically updates prior information using data, substantially 
reducing uncertainty in management-relevant parameters such as nutrient export and 
retention rates. The model shows that nutrient retention within the watershed stream 
network was low (< 20%), while total phosphorus had more retention than total nitrogen 
due to higher reservoir losses. Results indicate that urban lands constructed before 1980 
are the largest source of nutrients, exporting over twice the rate of agriculture and post-
1980 urban lands. Precipitation has a substantially larger influence on nutrient export from 
agricultural lands than other land covers. Also, undeveloped lands export significantly 
less nutrients than agricultural and urban areas. Source-specific export rates indicate the 
importance of natural land preservation in mitigating nutrient loading. This study was 
funded by NC Policy Collaboratory.

Monitoring microbial surface water quality in the aftermath of Hurricane 
Florence: Part 1, Arcobacter butzleri

Presenter: Sophia Kathariou, NC State University, skathar@ncsu.edu

Flooding from extreme weather events poses public health risks from the spread of 
pathogens in wastewater from damaged wastewater treatment plant and confined animal 
operation infrastructure. On September 14, 2018, Hurricane Florence made landfall in 
Wilmington and over three days brought 20-30 inches of precipitation in some parts of 
eastern NC. Challenges to microbial monitoring of surface water after extreme flooding 
events include access to samples and the lack of prior longitudinal data to compare 
post-flooding monitoring results. Here, we present four monitoring reports of microbial 
quality of surface water in Southeastern NC to assess the effects of extreme precipitation 
after Hurricane Florence from work directed by Sophia Kathariou at NC State University, 
and Rachel Noble and Jill Stewart at UNC-Chapel Hill. This session will include four 
presentations regarding post-Hurricane Florence monitoring for (1) Arcobacter butzleri 
presented by Sophia Kathariou, (2) Vibrio spp. presented by Rachel Noble, (3) Salmonella 
and Campylobacter presented by Collin Coleman, and (4) E. coli presented by Elizabeth 
Christenson-Diver. Longitudinal monitoring data before and after Hurricane Florence will 
be presented for E. coli concentration, antibiotic resistance, and MST markers in the fourth 
presentation. Discussions will center around precipitation-related effects, possible sources 
of contamination, and lessons learned regarding monitoring in the aftermath of a hurricane 
and how to compare to baseflow conditions.

Hydrometeorological extremes in wholesale electricity markets

Presenter: Jordan Kern, NC State University, jkern@ncsu.edu

Hydrometeorological extremes affect both supply and demand in electric power systems, 
can cause periods of very high (or low) prices in wholesale markets, and financially 
impact both suppliers of electricity (utilities, renewable energy producers) and consumers. 
However, little previous research addresses this issue using a risk-based (probabilistic) 
framework, due in part to the modeling scale and resolutions required. Interconnected 
electric power systems can span areal extents much larger than those of hydrological 
drought, and their operations must be modeled at higher temporal resolutions than 
typical water balance simulations. At the same time, exploring important water resource 
dynamics (seasonality and interannual variability) requires simulations to be run for entire 
calendar years 100s-1000s of times. Capturing uncertainty in other environmental drivers is 
increasingly essential as well, including air temperatures, wind speeds and cloud effects, 
which influence a range of grid processes (electricity demand, availability of wind and solar 
power, etc). This presentation will explore several recent studies, based in North Carolina 
and the U.S. West Coast, that have been among the first to explore the impacts of both 
stationary uncertainty in hydrometeorology and climate change on bulk electric power 
systems and wholesale markets for electricity.

Evaluating the capacity of natural infrastructure for flood abatement at the 
watershed scale

Presenter: Jack Kurki-Fox, NC State University, jjkurkif@ncsu.edu
Co-Authors: Barbara Doll, NC Sea Grant/NC State University and Dan Line, NC State 
University

In the aftermath of severe flooding caused by Hurricanes Matthew and Florence, 
representatives from government, academia and environmental groups in North Carolina 
are actively discussing how the eastern part of the state can strategically expand its 
“natural infrastructure” for the purpose of flood mitigation. This project focused on 
evaluating the impacts of expanding natural infrastructure in two flood-prone watersheds 
in Goldsboro, NC. For the Stoney Creek watershed, a hydrologic model (HEC-HMS) was 
used to quantify the potential reduction in flooding that could be achieved by converting 
agricultural land to forest and increasing storage of floodwater on the landscape. 
While reduction in peak discharge was substantial (20-35% reduction) for an intensive 
reforestation scenario, even for extreme events, the decrease in water surface elevation 
and the areal extent of flooding was nominal. 
In the Dig Ditch watershed, a hydraulic model (HEC-RAS) was used to evaluate the 
potential decline in water surface elevation and flooding extent that could be achieved 
through floodplain restoration. The model results indicated that floodplain restoration or 
modifications to the road crossings alone would have minimal impact on lowering flood 
waters, even for the 10-yr event. Rather a combination of floodplain restoration and road 
crossing modification/ removal would be required to mitigate flooding during extreme 
events. If a combined approach was used, flooding impacts could be substantially reduced. 
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Overall, increasing natural infrastructure on the landscape can reduce flooding, but should 
be combined with other strategies as part of a multifaceted flood mitigation approach.

* Evaluation of fly ash as a cement replacement to reduce sewer collection 
system infrastructure maintenance and enhance sustainability

Presenter: Samrin Ahmed Kusum, NC State University, skusum@ncsu.edu
Co-Authors: Mohammad Pour-Ghaz and Joel Ducoste, NC State University

The accumulation of Fat, Oil, and Grease (FOG) in sewer pipes reduces their carrying 
capacity and results in Sanitary Sewer Overflows. FOG deposits are formed from a 
saponification reaction between calcium and long chain free fatty acids (LCFFAs). 
Previous research showed that concrete corrosion is a significant source for calcium 
ion that participates in FOG deposit formation mechanism. Additionally, concrete made 
with blended Supplementary Cementitious Materials (SCMs) and cement has shown a 
decrease in the calcium leaching under corrosive media. Therefore, the aim of this study 
is to reduce the contribution of calcium leaching from concrete on FOG deposit formation 
by applying Fly Ash (FA) as the SCM. Two High Volume FA (HVFA) concrete materials with 
50% and 75% cement replacement were cast. After 90 days of leaching under deionized 
water, at pH 5 and pH 7, 50% and 75% FA replaced samples showed 75% and 86% 
reduction in calcium leaching, respectively. Samples were also tested for FOG formation 
and deposition. After 30 days of testing without background calcium, 50% and 75% FA 
replaced samples showed 58% and 81% reduction in FOG deposition on the sample 
surface, respectively. When background calcium was added in these FOG formation tests, 
50% and 75% FA replaced samples showed a 55% and 67% reduction in FOG deposition 
on concrete samples, respectively. The results of this study suggest that a significant 
decrease in calcium release can be achieved by using FA as cement replacement and lead 
to a reduced FOG deposit formation in collection systems.

Irongate & Apex: Open doors culminate in resolution of a community’s private 
well problems 

Presenters: Robert Lassiter, Irongate Neighborhood Resident, Jackie MacDonald 
Gibson, Indiana University, jacmgibs@iu.edu, Shawn Purvis, Town of Apex, 
shawn.purvis@apexnc.org, and Alicia Arnold, Wake County, alicia.arnold@wakegov.com

The unincorporated Irongate community outside of Apex, NC, had long faced challenges 
with low-yielding or dry wells and poor water quality. Meanwhile, a municipal water 
system extended to within 200 feet of the neighborhood. Through a combination of 
community organizing, advocacy, leveraged funding, and open communication between the 
town of Apex and the community, the residents will soon have access to a reliable water 
supply and other municipal services. Representatives from all partners in the project will 
speak to the factors that contributed to success.

Sediment phosphorus comparisons between two shallow bay lakes in the North 
Carolina coastal plain

Presenter: Diane Lauritsen, LIMNOSCIENCES, ddlauritsen@gmail.com
Co-Authors: John Holz, HAB Aquatic Solutions, Tadd Barrow, HAB Aquatic Solutions, 
William James, University of Wisconsin-Stout, and Shannon Brattebo, Tetra Tech

It is generally recognized that sediments play an important role in phosphorus cycling 
within shallow lakes, and the processes that regulate P cycling, including interactions 
among dissolved oxygen, pH, temperature, and microbial activity can exert more influence 
(e.g., Forsberg 1989). Two shallow Bay Lakes—Lake Waccamaw and White Lake—were 
sampled in February 2019 to assess the relative importance of sediment P as a component 
of the total P budget in each lake.  Both lakes have been benthic-dominated systems, with 
filamentous algae and aquatic vegetation at times very abundant.  Historically, White 
Lake (1,067 ac) was acidic (pH <5) but is now less so (pH 6+) while Lake Waccamaw’s pH 
is neutral (and it is much larger, at 9,060 ac). White Lake experienced a cyanobacterial 
bloom in fall 2017-spring 2018, and a water-column P-stripping dose of alum was applied 
to the lake in May 2018.  Lake Waccamaw has been treated with fluoridone for 7 years 
to eradicate Hydrilla. Sediment core samples were taken from muddy bottom regions 
in both lakes for P fractionation analysis; Total P levels were higher in Lake Waccamaw 
sediments, while in each lake P concentrations diminished with sediment depth. In 
both lakes the relative importance of the different sediment P fractions was the same: 
Al-Bound>Biogenic>Fe-Bound>Ca-Bound>Loosely-Bound. Additionally, intact cores from 
both lakes were incubated under anoxic conditions over a 14-day period with results from 
both lakes indicating no significant P release, likely due to the adsorptive capacity of the 
relatively abundant Total Aluminum in sediments of each lake.

* Nutrient ratio effects on phytoplankton assemblages in a representative potable 
source-water reservoir of the Southeastern U.S.

Presenter: Nicole Lindor, NC State University, nllindor@ncsu.edu

Reservoirs in the Southeast are generally nutrient over-enriched, but little is known about 
phytoplankton response to changing nutrient regimes. In the upper and lower regions of 
a major potable source-water reservoir, Falls Lake, we conducted seasonal microcosm 
experiments in situ to assess phytoplankton response to three inorganic nitrogen-to-
phosphorus (Ni : Pi) conditions: (i) Redfield ratio, 16 Ni:1 Pi at ambient Pi; (ii) elevated 
ratio, 50 Ni:1 Pi; and (iii) enriched Redfield  ratio, 16 Ni:1 Pi imposed by adding both Ni 
(as either ammonium or nitrate) and Pi. In summer, the lower reservoir phytoplankton 
assemblage was strongly stimulated by the enriched Redfield treatment, especially with Ni 
as ammonium. Phytoplankton in the upper region were stimulated, although less strongly, 
by the enriched Redfield treatment imposed using either Ni form. The winter phytoplankton 
assemblage was most stimulated in both regions by the enriched Redfield treatment with 
ammonium as the Ni source. Reservoir-wide in both seasons, cyanobacteria predominated 
over other algal groups under Ni + Pi enrichment. More specifically, toxigenic cyanobacteria 
significantly increased in cell number with addition of Pi and either Ni form. Their strongest 
response was with Pi + ammonium enrichment. Related research has shown high 
ammonium supplies in the upper reservoir, and significantly increasing ammonium in the 
lower reservoir over the past 12 years. These findings indicate that control of both Ni and 
P is needed to minimize the potential for toxigenic cyanobacterial blooms in this important 
potable source-water reservoir.
 
On-site reuse of highly treated domestic wastewater provides many benefits for 
single family residence

Presenter: Gary MacConnell, MacConnell & Associates, P.C., 
gsmmacassoc@bellsouth.net

Breakthroughs in wastewater treatment and disposal technologies now make it possible 
for reuse water to be implemented in on-site applications. Historically, parcels of land 
could not be developed due to such issues as: lack of public sewer, high seasonal water 
table, restrictive soils, lot size, and setbacks from natural features. While reuse projects 
have been around for larger municipal and industrial applications, they have not been as 
prevalent for smaller on-site applications. Regulatory changes, newer technologies, more 
public awareness, and desire for green technologies has helped to make reuse on smaller 
projects a viable option. To illustrate the viability of using reuse technology on a smaller 
scale, a successful single family home case study is presented.

Greenhouse gas emissions from standing dead trees in coastal forested wetlands

Presenter: Melinda Martinez, NC State University, mmarti13@ncsu.edu
Co-Author: Marcelo Ardón, NC State University

Wetlands play an important role in the global carbon cycle, but their potential benefits 
as carbon sinks can be offset by their production of methane (CH4) and nitrous oxide 
(N2O) which have a global warming potentials 30 and 300 times greater than carbon 
dioxide (CO2), respectively. Plant mediated transport of sediment-borne gases is thought 
to be a major contributor in wetland ecosystems, though few studies have measured 
standing dead trees (snags), which have shown to be conduits of soil and stem-produced 
greenhouse gases (GHGs). Snags have the potential to transport soil-produced gases 
through roots and remaining plant cells to the atmosphere. Many freshwater forested 
wetlands along the Albemarle Pamlico Peninsula of North Carolina, have transitioned to 
marshes or open water at a rapid rate, leaving behind many snags in previously forested 
areas, referred to as ghost forests. In this study, we sought to distinguish the main sources 
of greenhouse gases being emitted from snags: soil or stem-produced. We measured 
GHG emissions from different pathways: tree sides, tree-trunk airspace, soil-atmosphere 
interface, and soil porewater from two depths (15 and 30cm). Average CO2, CH4 and 
N2O fluxes from tree sides were 118±24, 0.49±0.14, and 0.00097±0.0093 (mg/m2/hr), 
respectively, and 614±49, 4.3±2.7, and 0.289±0.098 (mg/m2/hr) for soils respectively. Tree-
trunk GHG concentrations were 4536±709, 28±7, 0.35± 0.007 (ppm) for CO2, CH4 and N2O 
respectively. Our results show that snags, which are characteristic of ghost forests, could 
collectively emit a substantial amount of GHGs and need to be accounted for in local and 
regional GHG budgets.
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Observations from the Upper Neuse River Basin Association’s monitoring 
program, 2014-2018

Presenter: Alix Matos, Brown and Caldwell, amatos@brwncald.com and Forrest Westall, 
McGill Associates/Upper Neuse River Basin Association, 
Forrest.Westall@mcgillassociates.com

Falls Lake is a manmade impoundment that provides regional benefits to central NC 
including drinking water, recreation, and aquatic life uses. Exceedances of the NC 
chlorophyll-a criterion of 40 µg/L resulted in development of the Falls Lake Nutrient 
Management Strategy which was adopted by the State in 2011. Because of the uncertainty 
associated with the data and models used to develop the Strategy, the Rules allows for 
a re-examination of the requirements if certain steps are followed. The Upper Neuse 
River Basin Association (UNRBA) has been following these requirements which include a 
multi-year monitoring program. This presentation will summarize some of the key findings 
of the monitoring study.  Comparisons of monitoring data collected from 2014 to 2018 will 
be made to the baseline period of the Strategy, 2005 to 2007, and to data collected shortly 
after the lake was filled (early 1980s). Improvements to lake water quality and reductions 
in nutrient loading relative to these two periods will be discussed. A link to the UNRBA 
data portal and the Final UNRBA Monitoring Report for Supporting Re-Examination of the 
Falls Lake Nutrient Management Strategy will be provided. Both can be accessed from the 
UNRBA’s website at https://www.unrba.org/monitoring-program.

Waters of the US: Changes and challenges in North Carolina

Presenter: Phil May, Carolina Ecosystems, phil.may@carolinaeco.com

The new definition of Waters of the US (WOTUS) was released in January 2020 and is 
scheduled to go into effect this spring. The implementation of this WOTUS definition 
would result in major changes to the regulation and protection of streams and wetlands. 
How is a “Water” defined under this rule, and what could the resulting changes look 
like in North Carolina specifically? This presentation will provide a brief review of past 
WOTUS history and a look at the potential changes in jurisdiction of streams and wetlands 
under the new WOTUS definition. The potential effects on North Carolina will also be 
reviewed using regional “then and now” project examples from the mountains, piedmont, 
and coastal plain. Finally, some of the changes, challenges, and unknowns related to the 
implementation of the definition under the Clean Water Act delineation and permitting 
process will be discussed. As a follow up, an informal “WOTUS 2020” open discussion 
session will also be held on March 19 for those interested in getting into more of the 
details.
   
Approaches to restoring urban streams in a Clean Water Act kind of way

Presenter: Campbell McNutt, NC DEQ Division of Water Resources, 
cam.mcnutt@ncdenr.gov 

North Carolina Department of Environmental Quality conducts statewide water quality 
assessments every two years. In 2018 there were 30,270 assessments. There were 1,544 
assessments that were exceeding criteria and considered “impaired”. Of the impaired 
assessments 1,301 are listed in Category 5 of the Integrated Report otherwise known as 
the 303(d) list. These waters require development of a Total Maximum Daily Load (TMDL) 
or other management strategy within 8-13 years of being placed on the 303(d) list. 933 
of these have been on the 303(d) list for more than eight years with 110 being listed for 
more than 20 years. 637 of the 303(d) listed assessments intersect urban boundaries. 263 
of these streams have benthic community ratings of fair or poor. These streams pose a 
unique restoration challenge in that the probability for benthic community recovery is low 
due to constraints in restoration opportunities. This presentation will explore some unique 
approaches to tracking restoration in these waters that includes measures of success 
beyond the 303(d) list. These measures include functional ecosystem uplift, economic 
improvement, community health and carbon sequestration. The presentation will also 
include a brief demonstration on how these tools are being used in restoration planning.
    
NC Division of Water Resources watershed action plans stories 

Presenter: Campbell McNutt, NC DEQ Division of Water Resources, 
cam.mcnutt@ncdenr.gov

The NC Division of Water Resources is responsible for developing restoration plans for 
over 1,000 impaired waters in North Carolina. DWR staff have been developing tools 
and plan formats to make the planning, implementation and monitoring of restoration 

efforts more efficient and effective. This new planning process includes the previous 
9-Element planning process. These plans include focus areas that are intended to engage 
stakeholders at a very local level and includes mechanisms to develop projects that 
go beyond environmental goals. The presentation will include an overview of the how 
various tools can be used by professionals and community scientists to set goals, develop 
strategies, prioritize and develop projects at multiple scales and track implementation 
success both long term and interim at multiple scales. Some of the plans in process will 
also be demonstrated using the Story Map plan approach.

The NC water supply water quality assessment process

Presenter: Campbell McNutt, NC DEQ Division of Water Resources, 
cam.mcnutt@ncdenr.gov

North Carolina Department of Environmental Quality conducts statewide water quality 
assessments every two years. In 2018 there were 30,270 assessments. There were 1,544 
assessments that were exceeding criteria and considered “impaired”. Of the impaired 
assessments 1,301 are listed in Category 5 of the Integrated Report otherwise known 
as the 303(d) list. There are approximately 90,000 acres and 700 miles of water supply 
classified waters that are exceeding water quality standards in North Carolina. None of 
these waters are exceeding water supply water quality standards. Most notably these 
waters are impaired for exceeding criteria for chlorophyll-a. This presentation will review 
surface water supplies classifications, standards, monitoring, and assessment.

Presenter: Lise Montefiore, NC State University, lrmontef@ncsu.edu
Co-Author: Natalie Nelson, NC State University 

A parsimonious model and data integration framework for estimating runoff-
driven estuarine nutrient loading 

Changes in climate and land use and land cover (LULC) alter estuarine nutrient loads, 
particularly in systems with strong land-sea connectivity. Process-based water quality 
models are commonly used to assess how upstream changes in hydrology and land 
management influence downstream estuarine water quality. However, these models are 
data-intensive and computationally-expensive, which limits their applicability at large 
spatiotemporal scales. The present work aims to develop a data and model integration 
framework for use in estuarine eutrophication vulnerability assessments that accounts for 
eutrophication drivers including LULC and climate, as well as physiographic characteristics 
of estuaries that may make them susceptible to the effects of increased nutrient loading. 
A lumped-parameter water quality model, the U.S. EPA Spreadsheet Tool for Estimating 
Pollutant Load (STEPL) based on Event Mean Concentration (EMC), was scaled and used 
to compute the historical nutrient loads for 37 coastal watersheds that drain to estuaries 
along the Southeast U.S. coasts. Two EMC default values used from two similar models, 
PLOAD and L-THIA, were used and compared. Estimated nutrient loads were compared 
against the Regional Nutrient SPARROW Model Assessments (base year 2002). Results 
showed that STEPL using the EMC default value of L-THIA model was able to capture 
nutrient loads in relation to SPARROW and effective at ranking estuaries in terms of 
their nutrient loads. This finding demonstrates that STEPL offers utility for qualitative 
determination of estuarine eutrophication potential. Such models could be used to 
estimate future nutrient loading by integrating climate and land use projections.

Creating a statewide digital map of community water system service areas

Presenter: Jannette Morris, Duke University, jannette.morris@duke.edu, Katy Hansen, 
Duke University, katy.hansen@duke.edu and Walker Grimshaw, Duke University, 
walker.grimshaw@duke.edu
Co-Authors: Rachel Gonsenhauser, Duke University, Klaus Albertin, NC Department of 
Environmental Quality, and Megan Mullin, Duke University

Strong planning reduces risk to drinking water supplies, yet decision makers often have 
limited information to assess vulnerabilities across water systems. A baseline knowledge 
of water system service areas makes subsequent planning possible. This article explains 
the development, challenges, and benefits of creating of a comprehensive dataset of water 
service areas in North Carolina and highlights the capacity of student-led teams in this 
type of effort. The 2007 drought management law requires water systems to submit maps 
of their service areas to the state, but these maps—many hand-drawn—are insufficient 
for basin- or statewide planning. To build a comprehensive dataset, a student-led team 
developed a standardized process to digitize the analog maps and create a polygon 
including each service area in GIS. Local service area boundaries enable decision makers 
to more accurately downscale or aggregate climate, hydrologic, and demographic data 
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to evaluate risks and respond to changing climate, land use, population, and regulations. 
A statewide map of water service areas enables agencies to understand how different 
vulnerabilities are distributed across systems. This knowledge base is essential to 
improving the ability of water systems to deliver reliable, safe, and affordable drinking 
water. 

Interdisciplinary perspectives on sustainable animal agriculture and waste 
management in North Carolina 

Presenter: Stephen Moysey, East Carolina University, moyseys18@ecu.edu

As an economic driver in eastern North Carolina, animal agriculture is an important 
part of the socioeconomic fabric of the State.  This session will explore opportunities 
for advancing sustainable animal agriculture to enhance economic, environmental, and 
societal benefits, with an emphasis on waste management.  The session will include short 
presentations to frame issues and participatory activities to solicit perspectives from a 
broad stakeholder audience.  Talks will aid in outlining perspectives on the socioeconomic 
context for animal agriculture in the State, overviews of operations for animal agriculture, 
potential options for the alternative use of animal wastes and the development of co-
products, and innovations for environmental management.  Participatory components of 
the session will aim to address differences in perspective by allowing for the contribution, 
discussion, and prioritization of issues among stakeholder groups with the goal of 
increasing understanding and cooperation.

Better understanding CAFO waste management for improved water quality

Presenter: Rebecca L. Muenich, Arizona State University, Rebecca.Muenich@asu.edu
Co-Authors: Danica Schaffer-Smith, The Nature Conservancy/Arizona State University, and 
Lorrayne Miralha, Kelly Shea, Noah Rudko, and Eleanor Rauh, Arizona State University

To meet the growing demand for meat and other animal-derived products more efficiently, 
livestock farms have been moving from small, pasture-raised operations to large, 
concentrated animal feeding operations (CAFOs) in the U.S. While this change has 
made livestock farm economic and production activities more efficient, the potential 
environmental impacts of this change is not well understood nor documented. While 
some studies have shown localized impacts of presences of a CAFO, including impacts 
to human health, concerns for environmental justice, and increased risk for pathogen 
contamination, few studies have identified the watershed and regional impacts of these 
operations collectively. Given that the demand for animal products is only expected to 
increase worldwide, there is a need to improve the management of these facilities in 
order to minimize potential risks to the environment and human health. We’ll discuss 
ongoing research that has identified previously unknown land use consequences of 
these operations, as well as watershed modeling improvements to better capture CAFO 
management to aid in decision-making. We’ll also demonstrate how these advances in 
understanding can translate to improved and innovative policy and management solutions.

Fast and slow dynamics of surficial saltwater intrusion 

Presenter: Justine Neville, NC State University, janevill@ncsu.edu
Co-Author: Ryan Emanuel, NC State University

Saltwater intrusion (SWI) is a hydrologic hazard that jeopardizes freshwater resources 
and is unique to coastal systems. Although SWI can occur naturally, human interactions 
with the hydroscape may exacerbate SWI through modification of natural flow paths (i.e. 
ditching and draining) which allow salt water to flow farther into landscapes than it would 
under unaltered conditions. Recent studies on SWI in surface waters have approached this 
phenomenon from two different temporal scales: as a chronic symptom of sea level rise, 
or an episodic event driven by wind tides, storm surge, or drought. However, the definition 
of a SWI “event” remains poorly characterized, as are distinctions between hydrological 
processes that give rise to SWI under various hydroclimatic conditions. Our work helps 
elucidate the drivers of SWI in surface waters, particularly in natural and artificial drainage 
ways that connect directly to freshwater-dependent coastal landscapes. Here we study 
the differences between the temporal scales of SWI to better understand how the overlap 
of time frames and events can exacerbate SWI. We characterize SWI events using three 
years of hydrometeorological and water quality data and empirical analyses. We use the 
data to test hypotheses about hydrological processes underpinning the timing and intensity 
of SWI events. We discuss implications for freshwater-dependent ecosystems as well as 
opportunities to improve our understanding of coastal hydrology in general. We conclude 
by highlighting opportunities for coastal land and water managers to implement strategies 
for mitigating SWI.

IBT 101: What are interbasin transfers?
 
Presenter: Kim Nimmer, NC DEQ Division of Water Resources, kim.nimmer@ncdenr.gov

Interbasin transfers, or IBTs, relate to the movement of surface water between defined 
river basins. Many surface water transfers occur across North Carolina due to the growth 
of a town straddling a ridgeline, the discharge of wastewater into a river basin other than 
the basin from which the water was withdrawn, and other scenarios. When does a surface 
water transfer become an IBT? The NC Environmental Management Commission regulates 
large transfers by issuing IBT certificates. There are well over 100 known surface water 
transfers across the state but only nine IBT certificates have been issued. The need for 
an IBT certificate and the process for requesting an IBT certificate from the EMC will be 
discussed in this presentation. Major changes to the state statute governing interbasin 
transfers will be highlighted as well as current statutory requirements.

Finding a baseline: Discussing the when, where, and what for longitudinal water 
quality monitoring in North Carolina

Presenters: Rachel Noble, UNC-Chapel Hill, rtnoble@email.unc.edu; Angela Harris, NC 
State University, aharris5@ncsu.edu, and Natalie Nelson, NC State University, 
nnelson4@ncsu.edu

In North Carolina, there is increasing frequency of heavy rain and extreme flooding from 
hurricanes, most recently from Hurricane Florence in September 2018. Flooding from 
extreme weather events poses public health risks from the spread of pathogens from 
flooded or failing wastewater infrastructure. Monitoring surface and well water in the 
wake of extreme weather events attempts to find a baseline in order to understand the 
effects of hurricanes on water quality and connectivity. In this panel, together we will 
discuss how to monitor in the aftermath of extreme precipitation and flooding.  How do we 
move from a response-oriented framework for monitoring water quality to a framework of 
longitudinal sampling in North Carolina? Where or when should we monitor post-event and 
also throughout the year to better understand baseflow water quality conditions? What 
water quality indicators should we prioritize immediately after events and during baseflow? 
What are existing data gaps preventing calibration and validation of hydrologic models? 
What barriers prevent the creation and expansion of hydrologic monitoring programs?

Monitoring microbial surface water quality in the aftermath of Hurricane 
Florence: Part 2, Vibrio spp.

Presenter: Rachel Noble, UNC-Chapel Hill, rtnoble@email.unc.edu

Flooding from extreme weather events poses public health risks from the spread of 
pathogens in wastewater from damaged wastewater treatment plant and confined animal 
operation infrastructure. On September 14, 2018, Hurricane Florence made landfall in 
Wilmington and over three days brought 20-30 inches of precipitation in some parts of 
eastern NC. Challenges to microbial monitoring of surface water after extreme flooding 
events include access to samples and the lack of prior longitudinal data to compare 
post-flooding monitoring results. Here, we present four monitoring reports of microbial 
quality of surface water in Southeastern NC to assess the effects of extreme precipitation 
after Hurricane Florence from work directed by Sophia Kathariou at NC State University, 
and Rachel Noble and Jill Stewart at UNC-Chapel Hill. This session will include four 
presentations regarding post-Hurricane Florence monitoring for (1) Arcobacter butzleri 
presented by Sophia Kathariou, (2) Vibrio spp. presented by Rachel Noble, (3) Salmonella 
and Campylobacter presented by Collin Coleman, and (4) E. coli presented by Elizabeth 
Christenson-Diver. Longitudinal monitoring data before and after Hurricane Florence will 
be presented for E. coli concentration, antibiotic resistance, and MST markers in the fourth 
presentation. Discussions will center around precipitation-related effects, possible sources 
of contamination, and lessons learned regarding monitoring in the aftermath of a hurricane 
and how to compare to baseflow conditions.

Urban ecology and water quality: Planning for future resiliency 

Presenter: Kevin Nunnery, Biohabitats, Inc., knunnery@biohabitats.com

The current and predicted trend is for human populations to increasingly concentrate in 
urban areas. Planning for this relocation of population presents opportunities to direct 
development in a more sustainable way than in the past. This talk will explore population 
migration and concentration, urban planning and how resiliency (e.g. ecology, water quality 
and climate change) is being built into the planning process for future growth in cities. 
Atlanta, Georgia is used as a case study, among others.
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Assessing the potential for watershed loading reductions to reverse 
eutrophication in Jordan Lake through multi-decadal modeling

Presenter: Daniel Obenour, NC State University, drobenour@ncsu.edu  
Co-Authors: Dario Del Giudice, Matthew Aupperle, and A. Sankarasubramanian, NC State 
University

Jordan Lake is an important water supply and recreational reservoir in North Carolina 
that is subject to excessive algal productivity. While substantial efforts have been made 
to curb eutrophication, high nutrient and chlorophyll levels have not decreased since 
the 1980s. Here, we develop a mass-balance model to simulate monthly nitrogen and 
phosphorus dynamics in four reservoir segments for over 30 years while considering 
sediment-water interactions. The model is primarily forced by watershed nutrient loading, 
and it is calibrated and validated using in-lake nutrient concentrations. In particular, a 
Bayesian calibration framework is used to systematically update prior information on 
key parameters (e.g., resuspension rate, temperature adjustment) controlling nutrient 
dynamics in the reservoir. In addition, in-lake nutrient levels are related to chlorophyll a 
concentrations through multiple linear regression considering flushing rate and seasonality.  
Model predictions explain from about 35-60% of the variability in the simulated water 
quality constituents. The overall modeling system facilitates characterization of parameter 
and prediction uncertainties, and thus enables risk-based management. Results show 
nutrients stored in lacustrine sediment have been an important source of internal loading 
to the reservoir for multiple decades, and will dampen the effects of external watershed 
loading reductions, at least in the near term. To better understand potential time scales 
for reservoir recovery, we perform future simulations over a multi-decadal time period. 
Through these simulations, we compare the efficacy of loading reductions for nitrogen 
versus phosphorus and from different reservoir tributaries.

Does more groundwater mean less treatment? The influence of sea level rise and 
coastal storms on septic systems

Presenter: Michael O’Driscoll, East Carolina University, odriscollm@ecu.edu
Co-Authors: Charles Humphrey, East Carolina University; Guy Iverson, East Carolina 
University; Jane Harrison, North Carolina Sea Grant/NC State University, and Jared 
Bowden, NC State University

Most residences in suburban and rural coastal communities in North Carolina rely on 
onsite wastewater treatment systems (OWTS) to treat and dispose of wastewater. 
Coastal onsite wastewater treatment is often facilitated by sandy soils, however shallow 
groundwater and proximity to surface waters can lead to water quality impairment. Water 
quality changes in the surficial aquifer can affect surface water quality because surface 
waters in the Coastal Plain are often nourished by groundwater discharge from the surficial 
aquifer. In situations with poor treatment, exports of nutrients, bacteria, viruses, and 
organic compounds from OWTS can affect human and ecological health. OWTS systems 
are designed to have an adequate vertical separation distance between the groundwater 
table and the drainlines to treat wastewater before it reaches the groundwater table. 
Climate change can potentially threaten the effectiveness of OWTS in coastal communities 
by reducing the thickness of unsaturated soils during and after storms (acute) and as 
a result of sea level rise (chronic). Recent studies in coastal NC and SC highlight the 
influence of rising groundwater levels and coastal flooding on the effectiveness of onsite 
wastewater treatment. Sea level rise along the North Carolina coast has been measured at 
rates >4mm/decade at Duck, NC. In Dare County, a corresponding increase in groundwater 
levels has been observed. These data suggest that OWTS adjacent to North Carolina’s 
coast experiencing sea level rise and corresponding rises in groundwater levels have less 
unsaturated soils to treat onsite wastewater before it reaches the groundwater table.

Developing coastal plain ecological flow guidance in the Albemarle-Pamlico 
Basin 

Presenter: Michael O’Driscoll, East Carolina University, odriscollm@ecu.edu
Co-Authors: Robert Christian and Charlie Humphrey, East Carolina University

This research focused on the status of available ecological flow-related data for the 
Albemarle Pamlico (A-P) Drainage Basin to develop ecological flow guidance for coastal 
streams. Ecological flow assessment for coastal streams can be challenging due to the 
lack of streamflow data in tidal areas, flow reversals from wind and tides, spatiotemporal 
variability of salinity in coastal waters, and complex river-groundwater interactions. 
Water withdrawals and meteorological conditions can influence streamflow, particularly 
low flows. These flows are important components of ecological flows (the magnitude and 
timing of streamflow needed to maintain ecological integrity) because of their influence on 
contaminant dilution, saltwater intrusion, and aquatic habitat. An analysis of low-flow data 

at sites with > 30-year records suggested that low flow indicators at most Coastal Plain 
river discharge sites showed declines over the last several decades. Groundwater inputs 
to streams were minimal in smaller watersheds (< 250 square miles). Baseflow along low-
order streams was more likely to cease (relative to higher order streams) during summer 
months with elevated evapotranspiration. Gaps in water use data and wastewater/
irrigation return flows may influence the accuracy of water budgets and assessment of 
anthropogenic influences on baseflow. Future work is needed to evaluate the influences 
of meteorological forcing and water withdrawals on low flows and to quantify the range 
of low flows that are protective of ecological integrity. This will require an improved 
understanding of the relationships between flow, salinity, and ecology. A working group 
brought together by APNEP has been developing a pilot project to address these issues.

Nutrient and carbon loading from the neighborhood: Effect of a summer storm

Presenters: Christopher Osburn, NC State University, closburn@ncsu.edu and Clara 
DiVincenzo, Enloe High School  
 
During and after storm events, runoff from the landscape provides substantial loads of 
organic matter and nutrients to streams in urbanized catchments. However, few studies 
have examined runoff loads at the “neighborhood” scale, capturing runoff from residential 
areas. Here, we characterized the nutrient and carbon load in runoff to storm drains after a 
summer storm in 2019 in a small residential catchment in Raleigh, NC. The overland runoff 
in addition to shallow, engineered subsurface flow such as French drains, contributed 
most of the water flow. Nitrate-N concentrations ranged from 0.014 to 1.059 mg N/L while 
phosphate concentrations ranged from 15 to 178 µg/L. Stoichiometry (N:P ratio) of the 
runoff ranged from 1.2 to 33.6 showing heavy P loading. Dissolved organic carbon (DOC) 
concentrations were generally higher than N or P concentrations, and had less variability at 
16±2 mg/L. The higher P was associated with more labile organic matter as evidenced by 
spectroscopic and stable isotopic tracers of DOC quality. For example, N:P ratios increased 
as the humic character of the DOC increased. The implications of this study are that labile 
DOC and nutrients exported from residential catchments may contribute to eutrophication 
of receiving waters. Overall, results show the episodic, but important role residential areas 
can have in nutrient and carbon fluxes in urbanized watersheds.

Tracking the sources of fecal contamination in surface water after Hurricane 
Dorian in coastal North Carolina 

Presenter: A B M Tanvir Pasha, NC State University, apasha@ncsu.edu  
Co-Authors: Jacob Rudolph, Christopher Osburn, and Angela Harris, NC State University 
 
Extreme flooding events can mobilize contaminants and thereby negatively impact surface 
water quality. Coastal North Carolina has experienced several major tropical storms and 
studies indicate bacterial loading to surface water after Hurricane Florence. In the current 
study, we examined four points along the Neuse River for seven weeks after Hurricane 
Dorian made landfall, representing upstream and downstream sites of large-scale 
industrial agriculture land uses. Total coliforms (94% positive) and E. coli (93% positive) 
were measured in the samples, and molecular MST targets of human (HF183), swine 
(Pig2Bac) and poultry (LA35) are used to identify host-specific contamination. In addition, 
carbon isotope measurements will be compared to the molecular MST measurements to 
compare the effectiveness of these two source tracking tools. We observed low (20%) to 
moderate (38%) positive correlation of E. coli concentrations to water flow rate measured 
at the Neuse River USGS stations at Kinston and Fort Barnwell (p<0.03) suggesting 
storm drain water is influencing microbial water quality. Spatial distribution of E. coli 
showed a decreasing concentration with distance downstream, highlighting the surface 
washed microbial loading near Kinston. A maximum MPN of 184.23±57.85/100 ml at 
Kinston, 143.63±26.53/100 ml at Fort Barnwell, 48.40±4.71/100 ml at Street Ferry, and 
511.20±277.18/100 ml at Fort Barnwell wetland for measured E. coli can be a public health 
concern for recreational water quality. Results from this work will inform methods for 
source tracking in the watershed based on the correlation between molecular and isotopic 
measurements and identify the profile of sources after an extreme flooding event. The talk 
will discuss how this information can be collected and used to inform effective responses 
to extreme flooding events, and the development of targeted management and mitigation 
strategies to control water quality during extreme events, like hurricanes.

Water supply planning: Current and future water demand update

Presenter: Linwood Peele, NC DEQ Division of Water Resources, 
linwood.peele@ncdenr.gov 
 
North Carolina is facing continued population growth and increased demands on its 
water supplies. The Water Supply Planning program was established in 1989 to assist in 
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managing the State’s water resources and has continued to evolve over the years. This 
presentation will discuss how demand on water supplies has grown and how the Water 
Supply Planning program has adapted to this growth, changes in computer capabilities, 
and the regulatory environment. Current tools are able to quantify existing municipal 
and industrial demand but are limited in their ability to assess overall water demand and 
estimate future needs.

Proactive data collection for flood warning

Presenter: Daniel Penczak, OTT HYDROMET, dan.penczak@otthydromet.com

As water managers and engineers, it’s important to understand our watersheds, urban 
landscapes, and their response to extreme events like heavy precipitation and rising 
surface water levels. Of the numerous tools at our disposal, there are many benefits 
to a flood warning system, including knowing in time where flooding issues could 
occur, enabling reactive action, and protecting lives while minimizing damage. In this 
presentation, I will discuss urban flooding and the value of data collection for flood 
warning and protection. Together, we’ll examine what an ideal flood warning system might 
look like in your community and how data can help convince your community about the 
importance of being prepared for a flooding emergency. We’ll also explore readily available 
data from U.S. Federal Agencies—such as the U.S. Geological Survey and National 
Weather Services—and the increasing need for greater data density to augment spatial 
and temporal data sets feeding critical predictive models. 
With this presentation, attendees will: Receive an overview of flooding in the U.S. and 
factors that contribute to flooding; Understand the role of data collection in organizations 
like the USGS and NWS; Learn the importance of flood warning systems and their 
components; Explore how data can help convince your community about the importance of 
being prepared for a flooding emergency. 

* Watershed Wisdom: A lesson plan from NC Watershed Stewardship Network 
and UNC-TV Science for advancing watershed literacy and action 

Presenter: Christy Perrin, NC WRRI and NC Sea Grant, caperrin@ncsu.edu
Co-Authors: Heather Fisher, Town of Hillsborough Stormwater, and Lauren Daniel, NC 
Division of Water Resources  

The NC Watershed Stewardship Network is a collaborative network of watershed 
professionals that works together to support people working on their waters locally. The 
NCWSN recently formed a K-12 team to advance watershed literacy and action among 
an audience they had not yet engaged- formal and informal educators. The team invited 
UNC TV Science to the table to together develop an accessible, online lesson plan for this 
purpose. This presentation will share the process and objectives of the lesson, the range of 
resources and activities available within the lesson plan, and how both formal and informal 
educators may use part or all of the lesson plan to increase watershed literacy among 
youth.

When and how the environment is considered in transboundary water 
agreements 

Presenter: Jacob Petersen-Perlman, East Carolina University, 
petersenperlmanj19@ecu.edu 
Co-Author: Eran Feitelson, Hebrew University of Jerusalem

The proliferation of transboundary water agreements, particularly post-1950, has been 
interpreted positively by those who view cooperation as a welcome development in 
international relations. Until recently, most international water agreements have concerned 
utilization. Yet this focus on utilization has led to the results of certain agreements 
impacting ecological aspects such environmental flows, water quality, and riverine biota. 
After examining the role of institutions in transboundary basins and previous institutional 
responses to environmental concerns, this paper examines what conditions are needed 
for the environment to be considered in international water agreements, under which 
circumstances those agreements may have environmental effects, and how geographical 
and economic differences may explain the (lack of) consideration of the environment thus 
far. The paper identifies and analyzes environmentally focused treaties from a collection 
of 688 water-related agreements signed between 1820 and 2007. We find that many 
of the treaties occur within basins with previously established water agreements and 
previous utilization through upstream dams. Almost half of the 75 treaty lineages have the 
environment as a driving force for the treaty’s fruition. Environmental considerations are 
becoming more prevalent in the Global South and in water-stressed basins, with stricter 
language to more fully consider degradation. 

Cyanobacterial microcystin production and aerosolization dynamics in the 
Chowan River-Albemarle Sound estuarine continuum, NC 

Presenter: Haley Plaas, UNC-Chapel Hill, hplaas@live.unc.edu  
Co-Authors: Hans Paerl, UNC-Chapel Hill, Nathan Hall, UNC-Chapel Hill, Karen Rossignol, 
UNC-Chapel Hill, Malcolm Barnard, UNC-Chapel Hill, Ryan Paerl, NC State University, 
Kimberly J. Popendorf, University of Miami, Jill Paxson, NC Department of Environmental 
Quality, and Colleen Karl, Chowan Edenton Environmental Group

Water quality and the environmental health of the Chowan River-Albemarle Sound (CR-AS) 
estuarine continuum is threatened by the recent expansion of cyanobacterial harmful 
algal blooms (CyanoHABs), specifically the genus Microcystis. The CR-AS continuum is 
an increasingly eutrophic system with low salinity, making it susceptible to the expansion 
of Microcystis, which produces a suite of toxins including microcystin, a known liver 
toxin. Microcystin concentrations in the CR-AS were measured at an alarming 620 µg/L 
last August (NC-DHHS, 2019), which is six hundred times the recommended intake limits 
established by the World Health Organization (1.0 µg/L for drinking water). Several 
studies have associated the ingestion of microcystin via contaminated food or water with 
adverse health outcomes such as liver disease, but little research has examined the health 
risks of exposure to microcystin from lake spray aerosol (LSA). As air bubbles burst at 
the water-air interface via wave action, film droplets are ejected into the air, potentially 
aerosolizing toxigenic cyanobacteria and/or extracellular toxins. Thus, our study aims to 
characterize LSA as a potential microcystin exposure pathway in order to preserve the 
well-being of human and animal populations living near or visiting the CR-AS region. Our 
field campaign (summer 2020) will survey cyanobacterial communities using flow cytometry 
and DNA sequencing techniques, quantify microcystin concentrations in both surface water 
and LSA using LC-MS/MS, and examine environmental correlates of toxin production 
in collaboration with the NC Department of Environmental Quality (NC-DEQ) Ambient 
Monitoring Program (AMS) and citizen scientists of the Chowan Edenton Environmental 
Group (CEEG).

Pharmaceutical and personal care products (PPCPs) in the wastewater and 
groundwater 

Presenter: Sushama Pradhan, NC DHHS Onsite Water Protection Branch, 
sushama.pradhan@dhhs.nc.gov
Co-Author: Charles Humphrey, East Carolina University

Pharmaceuticals and personal care products (PPCPs) have been detected in groundwater 
and surface waters across the U.S. While generally detected at very low concentrations, 
there is concern that routine secondary exposure to these chemicals in the environment 
could pose a significant public health threat, especially to immunocompromised groups 
such as young children, ill people, and the elderly. Domestic wastewater treated via 
municipal wastewater systems (MWS) or onsite wastewater systems (OWS) is a potential 
source of PPCPs entering the environment. Research has shown that residential-scale 
OWS can contribute PPCPs to groundwater beneath and down-gradient from systems, 
especially in areas with sandy soil and shallow groundwater.  However, less is known 
about PPCP concentrations in groundwater beneath OWSs and in small MWS effluent. A 
study was conducted to see if commonly used PPCPs were detected in septic tank effluent 
and groundwater beneath OWS, and in MWS influent and effluent. Wastewater and 
groundwater samples were collected on three occasions and analyzed for selected PPCPs. 
The PPCPs detected in greater than 87% of all samples analyzed included medications, 
food additives, and diethyl-meta-toluamide (DEET). Frequencies of detection in this study 
were on average greater in septic tank effluent (77%-89%) relative to groundwater 
beneath the dispersal field (63%-82%) and greater in municipal sewer influent (77%) 
relative to the effluent (71%). The mean PPCP concentration reduction efficiency of the 
three OWS (52%) was similar to the MWS (53%).

Physical habitat and water quality of small streams draining areas of differing 
urban land use: North Buffalo Creek, Greensboro

Presenter: Sarah Praskievicz, UNC-Greensboro, sjpraski@uncg.edu

Urban development causes a wide range of changes to physical, chemical, and ecological 
processes in streams. Not all urban land use is the same, however; urban areas include 
several different types of land use (e.g., commercial, industrial, residential), all of 
which potentially affect stream processes differently. This research (conducted by 26 
undergraduate students as part of a class taught in fall 2019) examines physical habitat 
and water quality for streams draining areas of differing urban land use. The study area 
is Greensboro, focusing on two sites on the mainstem North Buffalo Creek and three on 
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tributaries, all of which have different urban land use in their drainage areas (a residential 
neighborhood, a university campus with constructed wetlands, and a city center). Students 
used the Environmental Protection Agency (EPA) Wadeable Streams Assessment to 
characterize physical habitat of the five sites. Over the fall 2019 semester, they also 
made near-weekly measurements of water quality (temperature, conductivity, dissolved 
oxygen, pH, and ORP) using a YSI Professional Series ion-selective electrode meter, and 
took near-weekly water samples to analyze for suspended-sediment concentration using 
the gravimetric method in the lab. Results include the influence of different types of urban 
land use on physical habitat and water quality and the potential for restoration actions 
that could improve physical, chemical, and ecological functioning of urban streams. From 
a pedagogical perspective, the research demonstrates that a relatively large class of 
undergraduate students can be trained to conduct field-based urban stream research, thus 
benefiting their education through experiential learning.

An investigation into indicators and drivers of saltwater intrusion to North 
Carolina’s coastal agricultural regions

Presenter: Diana Rashash, NC Cooperative Extension (NCCE), diana_rashash@ncsu.edu
Co-Authors: Alex Manda, East Carolina University, Mike O’Driscoll, East Carolina 
University, Andrea Gibbs, NCCE, Al Wood, NCCE, Austin Brown, NCCE, Brian Lannon, 
Camden County Soil & Water Conservation, Carl Crozier, NC State University – emeritus

This presentation is a two-prong discussion of recent observations of salt water intrusion 
to agricultural regions in the North Carolina Coastal Plain. The first part shows the 
potential impact to producers who utilize well water irrigation for their crops. It presents 
sodium adsorption ratio (SAR) and electrical conductivity (EC) data, provided by the NC 
Department of Agriculture & Consumer Services. The second part occurred in response 
to producer concerns regarding crop damage in three coastal NC counties. Soil sampling 
determined that the impacted fields contained areas of high soluble salt concentrations. 
An investigation into the causes of salinity in these low elevation fields was initiated. 
Hypotheses regarding the drivers of saltwater intrusion into agricultural fields included (a) 
periodic wind induced tides, (b) relative sea-level rise, and (c) overwash from storm surge 
events. Nests of shallow groundwater monitoring wells were installed, as well as vadose 
zone data recorders. Stilling wells were installed in nearby surface waters, with water 
level and salinity data recorders. Surface water salinity concentrations varied regionally, 
with salinity in Hyde being greater than those recorded at the Pasquotank and Camden 
county sites. Salinity readings of surface water in two Hyde county tidal creeks were 
15-16 ppt, which was greater than levels recorded during a year-long 1984/85 study (mean 
of 7 ppt), and also much higher than a general limit of 2 ppt for acceptable agricultural 
irrigation water. Water salinity results indicate quicker fluctuations in surface water bodies 
associated with rainfall events, and relatively stable levels in shallow groundwater.

Flood dynamics of the lower Roanoke and Cashie rivers and their interaction 
with the Albemarle-Chowan estuarine system

Presenter: Stanley Riggs, North Carolina Land of Water, riggss@ecu.edu
Co-Author: Robert Christian, North Carolina Land of Water

Bertie Peninsula is water-bound by a complex drainage system encircling three sides and 
dissecting through its interior. Roanoke River forms the western and southern boundaries, 
and estuarine waters of Albemarle Sound and Chowan River forms the southeastern and 
eastern boundaries. The Peninsula’s interior is dominated by a network of black-water 
tributaries, like the Cashie River. Complex interactions within this world-class, integrated 
water system produce various catastrophic storm impacts on this region. The lower 
Roanoke River has three segments that function differently. Water flow in the upper 
segment (Roanoke Rapids dam to Hamilton) is dependent on dam discharge determined 
by upstream weather conditions and dam management policies. The middle segment 
(Hamilton to Jamesville) is a fluctuating transition zone. The lower segment (Jamesville 
to Albemarle Sound) is at sea level and dominated by Albemarle Sound and Chowan 
Estuary dynamics including small astronomical and wind tides, and storm surges that 
overwhelm the diffused flow from dam discharge. The Cashie River tributary also has 
three river segments. The upper Cashie is riverine and dependent on rainfall. Windsor 
occupies the transition zone between riverine and estuarine conditions. The lower Cashie 
River estuary is dominated by Albemarle Sound dynamics with little to no influence 
from Roanoke River dynamics. Thus, catastrophic floods at Windsor are dependent on 
interactions of large upstream rain inputs simultaneously with major backflow from wind 
set-up and/or storm surge from Albemarle-Chowan estuary. Ground-water level and 
seasonal evapotranspiration in the lower Cashie floodplain also impact severity of flooding 
in Windsor.

Let this soak in: Compost and wildflowers increase runoff capture in roadside 
soils

Presenter: Erin Rivers, NC State University, erin_rivers@ncsu.edu
Co-Authors: Richard McLaughlin and Joshua Heitman, NC State University

Vegetated stormwater control measures (SCMs) are an important management tool 
employed on NCDOT construction sites to reduce the impacts of stormwater runoff. 
Infiltration of stormwater is the primary goal of these SCMs to reduce the quantity of 
runoff leaving road areas. In addition to mitigating runoff volumes, these SCMs provide 
water quality benefits resulting from filtration, uptake, and transformation processes within 
vegetated soils.  However, poor soil conditions that result from construction activities 
associated with mass grading and topsoil removal result in limitations to vegetation 
establishment. Recent research has shown that applications of tillage and alternative 
vegetative cover can improve the function of disturbed soils by improving soil hydraulic 
conditions, promoting vegetative growth, and increasing pollutant removal capacity. In 
this study, we investigated the runoff mitigation potential of tillage and vegetation cover 
type in roadside soils along two interstate shoulders near Raleigh, NC. We measured 
the total volume reduction in field-scale treatment plots before and after establishment 
using randomized complete block plot designs with three treatments replicated four times. 
Treatments consisted of 1) an untreated control, 2) tilled soils with grass cover, and 3) tilled 
soils with wildflower cover. We found that both treatments significantly reduced runoff 
volumes with the tillage and grass treatment decreasing runoff up to 90%, and the tillage 
and wildflower treatment decreasing runoff up to 95%. We are continuing to evaluate 
water quality parameters in runoff volumes.

Incorporating drought into local and regional water supply planning

Presenter: Ruth Rouse, Orange Water and Sewer Authority, rrouse@owasa.org

Climate change creates additional challenges and opportunities for water utilities in 
estimating raw water demand projections and the yield of their water supplies. Orange 
Water and Sewer Authority (OWASA) is currently updating its 2010 Long-Range Water 
Supply Plan to better prepare for the impacts of a changing climate. As part of this process, 
OWASA included a Monte Carlo analysis of its baseline water demand projections to 
quantify the uncertainty of the projections. It has also built some conservative assumptions 
into its yield calculation and is currently exploring methods to more objectively quantify the 
uncertainty. OWASA is also a partner in the Triangle Water Supply Partnership, a group of 
13 local governments working together to ensure a safe, sustainable supply of water for 
the Triangle region (formerly the Jordan Lake Partnership (JLP)). This project is beginning 
with an update to the regional interconnection model developed by the JLP to include new 
partners and major infrastructure changes. The model will be used to better understand the 
capabilities and limitations of the Triangle’s present water supply network and support an 
evaluation of the Partners’ Water Shortage Response Plans using DWR’s OASIS model of 
the upper Neuse and Cape Fear River Basins. 

Rhodes Pond hydrologic/hydraulic analysis and labyrinth weir design

Presenter: Dori Sabeh, McGill Associates, dori.sabeh@mcgillassociates.com

Rhodes Pond Dam is located on the Black River in north Cumberland County, North 
Carolina. The dam was breached during Hurricane Matthew (October 2016), and a 6-cycle 
labyrinth spillway is proposed to replace the existing linear spillway to accommodate 
up to a 500-year flood event. A hydrology and hydraulic analysis was developed for the 
56 square mile watershed and an Incremental Hazard Evaluation (IHE) of the dam was 
performed to determine the most appropriate design flow. ArcGIS, HEC-RAS/GeoRAS, Civil 
3D, and empirical hydraulic computations were integrally used in the analyses to evaluate 
the system hydraulics, develop inundation maps, and revised the flood maps based on field 
topographic survey and the latest NC QL2 LiDAR up to the 0.50 PMP (Probable Maximum 
Precipitation) breach and non-breach scenarios. This presentation will summarize the steps 
taken in the development and creation of the hydrology and hydraulic analysis, inundation 
maps, final dam spillway design configuration, floodplain mapping, and coordination with 
permitting agencies.

Introduction to R for water resources data science

Presenter: Sheila Saia, NC State University, ssaia@ncsu.edu

This interactive workshop will provide information for water resource managers, students 
and young professionals without prior "R" experience who are interested in learning how 
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this software program can help with their water resources work. NC State University 
postdoctoral researcher Sheila Saia will help participants learn how R can help them save 
time on data analysis, share their work easily, keep a record of data and analyses, learn 
about open-source tools, and turn data into quality figures and reports. By the end of the 
workshop, attendees will be able to describe the pros and cons of using R for their work, 
use R to load in water-related data and plot it, and explain additional resources for pursu-
ing this new skill. Computers are available for this session. Examples in this session will 
serve as a foundation for the USGS Water Data Jam session on March 19.

Natural and working lands and climate change 

Presenter: Rick Savage, Carolina Wetlands Association, 
rick.savage@carolinawetlands.org
Co-Authors: Paula Hemmer, NC Dept. of Environmental Quality, Kim Matthews, RTI 
International, and Heather Clarkson, Defenders of Wildlife

In October 2018, Governor Cooper issued Executive Order 80 addressing North Carolina’s 
commitment to climate change and transition to a clean energy economy. This came after 
Governor Cooper’s pledge to continue to abide by the Paris agreement and then joined 
the US Climate Alliance. From these initiatives came the Natural and Working Lands 
Stakeholder Group. The Natural and Working Lands consists of experts from state and 
federal agencies, academia, and nongovernment/nonprofit organization across the state. 
The goal of the stakeholder group is to recommend pathways to use forests and wetlands 
for the purpose of sequestering carbon. From analysis done by the US Climate Alliance, 
North Carolina is ranked the fourth best state for using its natural and working lands to 
sequester carbon. The co-benefits of forest and wetland restoration and preservation is 
also to be documented in terms of the ecosystem services that would result and benefit 
local communities. This in turn would help build community resilience to the effects to 
climate change, such as flooding  We used the framework developed by the US Climate 
Alliance for this work. The stakeholder group split into 6 subgroups to focus on specific 
areas: Pocosin Restoration, Riparian and Floodplain Wetlands, Coastal Habitats, Urban 
Lands, Forestry, and Agriculture. Each subgroup developed a series of recommendations 
that sequester carbon and provide co-benefits such as water quality. Additional efforts are 
recommended deal with extensive education, environmental equity, and buy-out programs. 
These recommendations will become part of the state’s Resiliency and Risk Assessment 
Plan.

Repeated hurricanes reveal risks and opportunities for social-ecological 
resilience to flooding and water quality problems

Presenter: Danica Schaffer-Smith, Arizona State University/The Nature Conservancy, 
d.schaffer-smith@tnc.org
Co-Authors: Soe W. Myint, Arizona State University, Rebecca L. Muenich, Arizona State 
University, Daoqin Tong, Arizona State University, and Julie E. DeMeester, The Nature 
Conservancy

Hurricanes that damage lives and property are often accompanied by poor water quality 
threatening humans and aquatic species. Increased storm frequency and intensity, coupled 
with ongoing land use changes, will exacerbate impacts to vulnerable communities and 
ecological systems. North Carolina experienced two ‘500-yr’ hurricanes (0.2% annual 
probability) from 2016-2018, presenting a timely case for assessing social-ecological 
floodplain resilience to inform interventions. We mapped hurricane flood extent using 
Sentinel-1 synthetic aperture radar and examined vulnerability within hazard zones 
compared to flooded regions using quantile regression. To highlight opportunities to 
improve resilience, we identified flood-prone water supply and treatment infrastructure, 
and mapped locations where nature-based solutions could store floodwaters and process 
contaminants. We mapped hurricane flooding ( >91% accuracy) beyond hazard zones—
Hurricane Florence exceeded the 1% annual probability zone by ~23%. Furthermore, the 
legal floodplain underestimated impacts for communities with higher proportions of older 
adults, disabilities, unemployment, and mobile homes, as well as for headwater streams 
with restricted elevation gradients. Repeated flooding affected point and non-point 
pollution sources, including 218 wastewater treatment plants (~55% treatment capacity) 
and 91 swine operations that generate ~500 million tons/yr manure. We identified ~4.8 
million km2 of forests and wetlands lacking current formal protection, and ~1.7 million km2 
of working lands where restoration or management changes could be considered. Results 
suggest that current hazard mapping is inadequate for resilience planning. Under increased 
storm frequency and intensity, modification of design standards, land-use planning policies, 
and operation of infrastructure that conveys and treats water are warranted.

Evaluating climate change for the City of Durham’s long-range water resources 
plan

Presenter: Michelle Schmidt, Tetra Tech, michelle.schmidt@tetratech.com
Co-Authors: Saumya Sarkar and Jonathan Butcher,Tetra Tech

Global air temperatures are rising and climate models are in general agreement that this 
trend will continue in coming decades. Model predictions regarding future precipitation 
are highly variable, but both the severity of intense rain events and the frequency of 
droughts are anticipated to worsen over the 21st century. Assuming the future will 
resemble the past can put communities more at-risk, and decisions made today can 
exacerbate or mitigate a community’s vulnerability to local changes in climate. To support 
the development of the City of Durham’s Long-Range Water Resources Plan, a mechanistic 
Soil and Water Assessment Tool (SWAT) model that simulates hydrology in the City’s 
water supply watersheds was used to evaluate the potential effects of future climate 
regimes on water supply reliability. Expected changes in runoff to the City’s main water 
supply reservoirs, Lake Michie and Little River Reservoir, were studied using gridded 
meteorological series from the CMIP5 climate model archive downscaled to 4 km by 
the Multivariate Constructed Analogs (MACA) method. Future climate projections are 
inherently uncertain, thus a suite of climate scenarios was applied to describe a probability 
envelope of potential conditions for 2046 to 2080. By 2065, air temperatures are predicted 
to warm by about 5°F, amplifying evapotranspiration, although rising annual precipitation 
may result in higher water yields. Changes in seasonal patterns, such as higher winter 
and lower summer precipitation, impact supply replenishment timing. Future water yields 
predicted with SWAT are informing scenarios for the City’s water supply and demand 
dynamics model (OASIS).

Cyanotoxins in North Carolina’s freshwater and estuarine systems

Presenter: Astrid Schnetzer, NC State University, aschnet@ncsu.edu

There is growing awareness that cyanotoxins are detected in freshwater systems 
and estuarine environments throughout North Carolina. These troubling findings have 
instigated several collaborative efforts between scientists, environmental agencies and 
ecosystem managers to examine the dynamics of toxic blooms in more depth and acquire 
data that can inform monitoring efforts, mitigation strategies and guide public outreach 
campaigns. Some of the knowledge gaps that have yet to be filled include a comprehensive 
understanding of year-round patterns for multiple toxins, assessing toxin concentration 
changes throughout a short-lived bloom and deciphering toxin residence times after a 
bloom’s demise. Here we share information on cyanotoxin dynamics from varying field 
studies and present preliminary data from toxin degradation experiments to start filling 
some of the knowledge gaps on toxin fate in the aftermath of an event.    

Using NASA earth observations to quantify the impact of urban tree canopy cover 
and evapotranspiration on urban heat and identify community vulnerability in 
Asheville, North Carolina

Presenter: Andrew Shannon, NASA DEVELOP, andrew.shannon@noaa.gov
Co-Authors: Darcy Gray, Amiya Kalra, Amy Kennedy, Scott Stevens

Asheville, North Carolina has had a population growth of approximately 10 percent over 
the past decade, while the city’s tree canopy cover has simultaneously decreased by 6.4 
percent. A well-known benefit of urban tree cover is the mitigation of the effects of urban 
heat islands through factors including shade and evapotranspiration. Thus, as Asheville’s 
population grows, the presence of trees and their cooling effects is crucial. The Asheville 
Urban Forestry Commission advises the City Council on issues pertaining to urban 
development with policies centered on tree cover preservation and growth. The Asheville 
Urban Development team partnered with the Urban Forestry Commission to complete 
a study using NASA Earth observations and ancillary datasets to explore relationships 
between changes in land surface temperature, evapotranspiration (ET), and tree cover 
over the last 10 years. The team used Landsat 5 Thematic Mapper (TM) and Landsat 8 
Operational Land Imager (OLI) to calculate Land Surface Temperature (LST) changes from 
1984 to 2018. The team also used socioeconomic data on the census block group level to 
create a heat vulnerability index in order to identify communities at risk. The team included 
tree cover and LST data in this index to represent exposure and adaptive capacity as 
factors in heat vulnerability. The end products illustrated a significant correlation between 
tree cover, ET, and LST in Asheville and identified vulnerable communities to support the 
Urban Forestry Commission’s decisions about tree planting and preservation.
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impacted surface waters as a source of organic iodine in drinking water. A spatial analysis 
of the iodine speciation across the receiving surface water lake from several streams 
receiving hospital waste demonstrates the persistence of iodine that ultimately becomes 
a DBP precursor forming iodinated-trihalomethanes in the downstream chloramination 
treatment of drinking water. One treatment option for removing iodinated contrast agents 
from water uses powdered activated carbon which was shown in this study to be effective 
at organic iodine removal. This research addresses whether large molecular weight 
organic iodine precursors and/or small molecular weight inorganic iodine precursors are 
responsible for iodinated-DBPs that can impact the quality of finished drinking waters.

Modeling the effects of urbanization on watershed water yield and gross primary 
productivity (GPP) in the conterminous United States

Presenter: Ge Sun, USDA Forest Service, ge.sun@usda.gov
Co-Authors: Erika Mack, Johnny Boggs, Steven McNulty, USDA Forest Service; Cheng Li, 
Guangdong Institute of Eco-Environmental Science and Technology; Peter Caldwell, USDA 
Forest Service; Georgina M. Sanchez, and Ross K. Meentemeyer, NC State University

We applied an ecohydrological model (WaSSI) to evaluate the likely impacts of projected 
land use change (EPA ICLUS scenarios) across the lower 48 states in the U.S. for the time 
periods of 2000, 2010, 2050, and 2100 at a 12-digit Hydrologic Unit Code (HUC) watershed 
scale. We found that although the simulated impact of future urbanization on mean change 
in water yield (ΔQ) was small at the national level, significant changes (ΔQ >50 mm) were 
found in 1,046 and 3,747 watersheds by 2050 and 2100, respectively. The total CONUS Q 
increased from 2.03×106 million m3 yr-1 in 2000, to 2.04×106 million m3 yr-1 in 2010, to 
2.06×106 million m3 yr-1 in 2050, and 2.09 ×106 million m3 yr-1 in 2100.  Total CONUS GPP 
declined from 8.68 Pg C yr-1 in 2000, to 8.54 Pg C yr-1 in 2010, to 8.36 Pg C yr-1 in 2050, 
and to 8.13 Pg C yr-1 in 2100. Although total ΔGPP was less than 0.55 Pg yr-1, or <8%, 
large changes (ΔGPP >300 gC-1 m-2 yr-1) were found in 245, 1,984, and 5,655 of the 81,900 
watersheds by 2010, 2050 and 2100, respectively. Overall, the impacts of urbanization 
on water yield and GPP in the CONUS were influenced by background climate, previous 
land cover characteristics, and the magnitudes of land-use change. This study provides an 
update on the effects of urbanization on water and carbon balances.  Effective national-
scale watershed management strategies must consider local climatic and land cover 
conditions to minimize negative impacts.

The economics of nutrient credit trading in North Carolina

Presenter: Sara Sutherland, NC State University, sara.sutherland@ncsu.edu
Co-Authors: Andrew Branan, Eric Edwards, and Andrew Hutchens, NC State University

Maintaining high water quality standards ensures North Carolinians have access to clean 
drinking water, healthy fish, and safe recreation on the state’s rivers, lakes, and beaches. 
But doing so is expensive, both through direct costs like pollution control technology as 
well as through limitations placed on land use or other production decisions. Under the 
Clean Water Act, the Environmental Protection Agency develops standards to ensure 
waters are suitable for a variety of purposes, such as drinking, swimming and fishing. 
The job of achieving these standards in North Carolina is left to the Department of 
Environmental Quality (DEQ). The costs of reducing water pollution are borne by industrial 
firms, municipalities, residential and commercial developers, as well as agricultural 
and forest producers. Each has a unique set of costs for reducing pollutants, and as a 
result, standard regulations that ensure water quality through individual output limits or 
technological standards may in aggregate be very expensive. To alleviate the disparate 
economic impact of abatement on individual firms and municipalities, the DEQ offers two 
market-based remedies: 1) allow polluters to trade excess nutrient discharge allowances 
and 2) purchase nutrient discharge offsets. With either system, basin-wide or watershed 
pollution reduction goals remain the same, but individual polluters either save money on 
costs—for their investors or the taxpayer—or receive money as income. This presentation 
will explore the economics of how water quality markets help North Carolina reduce the 
cost of protecting its waters, while also discussing challenges and improvements.

* Fostering engagement in the Cottage Grove neighborhood through community 
involvement in riparian cleanup to enhance stormwater quality

Presenter: Kelly Suttles and Tatiana Height, UNC-Greensboro Center for Housing and 
Community Studies, tcheight@uncg.edu and kasuttl2@uncg.edu 
Co-Author: Stephen Sills, UNC-Greensboro

This community engaged project with residents of the Cottage Grove neighborhood in East 
Greensboro, NC will address environmental justice concerns with two unnamed tributaries 
of South Buffalo Creek. We will involve the residents through an oral history of long-time 

Prioritizing targeted interventions to protect peatlands from sea level rise and 
saltwater intrusion with scenario-based modeling

Presenter: Lindsey Smart, NC State University, lssmart@ncsu.edu

Peatlands are unique systems that provide a suite of ecosystem services important to 
human health and well-being. Peatlands cover a significant portion of the Albemarle-
Pamlico Peninsula in eastern North Carolina but their continued persistence is threatened 
by sea level rise and saltwater intrusion. This region is experiencing rates of sea level 
rise that are greater than the global average and studies suggest that peatlands are 
not accreting at the necessary rates to keep pace with sea level rise. The extensive 
drainage networks and agricultural lands in the region further impede landward migration 
of these systems. We used scenario modeling to prioritize protective interventions for 
these vulnerable ecosystems. Using a combination of pre-existing hydrological models, 
landscape-scale saltwater intrusion vulnerability indices, and habitat conversion models, 
we developed spatial predictions of (1) saltwater intrusion potential on peatlands and 
working lands with organic soils and (2) potential vulnerability of upslope peatlands. 
Integrating these spatially-explicit outputs to quantify uplift under alternate protection 
scenarios, we can better identify topographic thresholds and facilitate decisions regarding 
appropriate strategies (e.g., defense), locations, and impacts on ecosystem services (e.g. 
carbon storage). By slowing the loss of peatlands to sea level rise and saltwater intrusion, 
these protective efforts serve to provide multiple co-benefits for the natural resource-
dependent communities in the region. Their protection can provide buffers to adjacent 
farmlands and residential areas and can provide protective services to the community 
against storm surge. Ultimately, this scenario modeling is intended to serve as a decision-
support tool that can lead to successful targeted interventions and more effective resource 
allocation for mitigation and adaptation efforts. 

Monitoring the French Broad River during highway construction

Presenter: Charles Stillwell, US Geological Survey, cstillwell@usgs.gov
Co-Author: Jeff Riley, US Geological Survey

The French Broad River in western North Carolina is an important natural resource 
and recreational area. A series of highway re-construction projects (henceforth the 
“I-26 project”) are planned along the French Broad River corridor starting in 2019. The 
North Carolina Department of Transportation (NCDOT) has committed to minimizing 
environmental impacts resulting from the I-26 project and aims to become a steward of the 
French Broad River corridor throughout construction. The United States Geological Survey 
(USGS) has partnered with the NCDOT to monitor water-quality and geomorphologic 
conditions before, during, and after construction. Temperature, pH, dissolved oxygen, 
specific conductance, and turbidity are being monitoring continuously at stations located 
upstream and downstream of construction areas. Continuous monitoring allows for rapid 
assessment of water-quality impacts, which will increase understanding of specific 
construction activities’ effects on the river and will provide an opportunity for the NCDOT 
to take procedural actions that may mitigate negative impacts. Biannual bathymetric 
surveys of the streambed and annual Light Detection and Ranging (LiDAR) scans of 
the streambanks will be conducted at locations where temporary causeways will be 
constructed in the French Broad River. These geomorphologic assessments will allow for 
estimates of erosion, deposition, and other stream form changes that may occur during 
construction. All data collected for this project will be available to the public online 
through USGS resources. This study will improve understanding of continuous water-
quality dynamics in the French Broad River and the degree and persistence of impacts to 
water-quality and geomorphology during construction of the I-26 project.

* Tracking the transformation of total iodine within a drinking water plant: 
Identifying treatment to limit iodinated disinfection byproduct formation

Presenter: Kirsten Studer, UNC-Chapel Hill, kstuder@live.unc.edu
Co-Author: Howard Weinberg, UNC-Chapel Hill

Many drinking water sources are impacted by waste streams whose treatment in municipal 
wastewater plants leave many of the anthropogenic contaminants intact, impacting 
ecosystems and adding precursors for disinfection byproducts (DBPs) during subsequent 
drinking water treatment. One group of such contaminants are iodinated contrast agents 
used as diagnostic tools in medical facilities and which are excreted intact by the patient 
over several hours, often at locations far from the administering facility. This leads to 
elevated iodine levels in waste streams and in the downstream drinking water plant 
intakes. When chloramine (NH2Cl) disinfection is used, iodinated DBP formation can occur. 
Compared to the regulated DBPs, iodinated DBPs have higher toxicity with significant 
implications for human health. This NC based case study has identified hospital waste-
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* Effects of seawater intrusion on mercury cycling in coastal wetlands at 
Albemarle-Pamlico peninsula, North Carolina

Presenter: Yener Ulus, UNC-Greensboro, y_ulus@uncg.edu
Co-Authors: Martin Tsui, UNC-Greensboro, Aslihan Sakar, UNC-Greensboro, Paul Nyarko, 
UNC-Greensboro, and Marcelo Ardón, NC State University

As the global climate change is occurring, sea-level rise, as well as frequency and intensity 
of the Atlantic hurricanes, are foreseen to rise in this century. Due to these ecosystem 
perturbations, many low-lying coastal freshwater wetlands of the southeastern United 
States are under risk as more seawater, source of sulfate, intrudes to these freshwater 
ecosystems.  Conversely, very scarce amounts of information are known about the impact 
of seawater intrusion on mercury (Hg) cycling in these coastal freshwater ecosystems. 
We sampled surface water and sediment samples from June of 2018 to September 2019 
(approximately one sampling each month), which coincided with the arrivals of two Atlantic 
hurricanes (Dorian and Florence). We found that dissolved sulfate levels were increased 
drastically after hurricane Florence (e.g., 0.19 mg /L, before the hurricane to 46.95 mg/L, 
after hurricane). We hypothesize that the storm surge mediates seawater intrusion, 
supplies an important terminal electron acceptor for the anaerobic sulfate reduction, and 
causes elevated Hg methylation in organic-rich wetlands. Our results showed that filtered 
total mercury (THg) and methylmercury (MeHg) in surface water varied from 1.7 ng Hg/L 
to 12.53 ng Hg/L and from 0.07 ng Hg/L to 3.13 ng Hg/L respectively. Field water quality 
measurements, sample collection (including biota), and analyses are still ongoing to 
investigate seasonal variations in this low-lying coastal freshwater wetland ecosystem. 
Our study has significant implications on freshwater and brackish water ecosystems as 
the toxic Hg bioaccumulates-biomagnifies through the food web and eventually ends up in 
higher concentrations in humans.

Embracing uncertainty in water resources and flood risk assessment

Presenter: Katie van Werkhoven, RTI International, kvanwerkhoven@rti.org
Co-Authors: Shaun Carney, Enrique Triana, and Michele Eddy, RTI International

The Southeast is highly vulnerable to increasing water-related risks. Water resources and 
floodplain managers across the region are grappling to find ways to better prepare for 
the threats of extreme events, uncertain supplies and declining water quality. Population 
growth and a shifting climate compound the challenge as these mechanisms of change 
are inextricably linked and inherently uncertain. RTI is working with water managers 
across the country to more fully assess and understand their climate and weather-related 
risks in order to guide planning and mitigation decisions. We will present approaches we 
are using to better characterize uncertainty, evaluate feasible water resources system 
responses, and distill complex results to understand risks. The case studies we present, 
from projects in CO, TN, and NC, are examples of a broader paradigm shift across the water 
resources community – a shift away from narrow future assumptions toward a more robust 
characterization of potential change and impacts. Embracing this approach is challenging but 
is proving to be essential for water resources managers to prepare for an uncertain future.

The value of water quality improvements in North Carolina’s urban streams

Presenter: Roger von Haefen, NC State University, rhhaefen@ncsu.edu
Co-Authors: Sasha Naumenko, James Madison University, George Van Houtven, RTI 
International, and Christy Perrin, WRRI

We present preliminary results from a stated preference survey designed to elicit the 
public’s willingness to pay for policies that improve water quality in urban streams in North 
Carolina. Funded by the EPA STAR program, the survey targeted urban residents of Wake, 
Mecklenburg and Guilford counties. A random sample of over 3,000 residents in these 
counties completed an on-line survey that: 1) described current conditions in urban streams 
in the county and “urban stream syndrome,” a combination of stressors common in urban 
areas that lead to stream degradation; 2) described four key attributes of stream water 
quality – overall ecosystem conditions, human health risks from bacteria, trash, and murky 
water days – that a series of focus groups and cognitive interviews determined were most 
relevant to the general public; and 3) a series of four choice experiments that presented 
residents with hypothetical combinations of water quality improvements along the four 
key dimensions as well as an increase in monthly stormwater fees that would generate 
new revenues to pay for the programs. Analysis of responses to these choice experiment 
questions permits one to monetize the public’s willingness to pay for improving water 
quality in urban streams for a variety of cleanup scenarios. We report our preliminary 
findings from the analysis of the survey data and discuss how these estimates can be 
used to assess the public’s values for policies that improve water quality that could be 
generated in the Upper Neuse watershed.

residents (>20 years), as well as surveys, focus groups, participatory community meetings, 
community work days with university student volunteers, and finally an educational 
citizen science stormwater campaign with K-6 students. We expect the main outcome 
of the project is to build community capacity to organize and advocate for resources like 
green infrastructure through the City of Greensboro’s Participatory Budgeting process. The 
residents will build relationships with the City of Greensboro’s environmental educators 
and those relationships build trust in government and can help connect them to other 
resources in the community. Another outcome will be the development of a tool kit for 
other communities to do similar community-engaged work around stormwater. The project 
will also initiate an environmental educational program with K-6 students, which will have 
a continuing impact as the water quality and stream studies become part of the curriculum 
for students. The results of the surveys will provide the Stormwater Group rich information 
about how this community views their undeveloped/natural areas and how they would like 
to see them improved as well as how much the community engagement activities changed 
their outlook about the neighborhood over the two-year project.

The French Broad River: Leveraging river recreation to promote economic 
development

Presenter: Rachel Taylor, NCGrowth, rachel_taylor@kenan-flagler.unc.edu
Co-Authors: Carolyn Fryberger, NCGrowth, Emily Yeager, East Carolina University

For rural communities, tourism can be a beneficial means of increasing economic 
development; however, these communities struggle to balance attracting tourism, 
preserving their natural assets, and creating community engagement in these efforts. 
While promoting outdoor recreation opportunities can help diversify rural economies, 
it can be challenging to attract tourism and manage the natural assets sustainably. In 
Transylvania County, outdoor recreation draws many tourists to the region, and some 
natural resources are over utilized. Despite the volume of visitors interested in outdoor 
recreation within the county, the French Broad River remains an underutilized asset. 
By focusing on enhancing the upper section of the French Broad River Paddle Trail, 
Transylvania County can attract more river tourism and build local support through creating 
a sense of community. This study highlights best practices for paddle trail development 
and enhancement such as river access infrastructure, signage and wayfinding, and 
increased connectivity between river users and “hub towns” to boost economic impact 
on communities. The study also provides insight into paddler characteristics, trends, and 
preferences. The outdoor economy is a diverse economic sector that is rapidly growing. 
Outdoor recreation and associated businesses can help diversify local economies while 
improving the health of the community and ecosystem. Through case study research and a 
literature review, this study of the upper section of the French Broad River provides insight 
into opportunities for Transylvania County that could be applied to other rural communities 
seeking to leverage their natural assets while improving the health of the ecosystem and 
the community.

Estimates of the occurrence of per- and polyfluoroalkyl substances in landfill 
leachate and wastewater in North Carolina

Presenter: Jean-Rene Thelusmond, NC State University, jthelus@ncsu.edu
Co-Authors: James Levis, Noelle DeStefano, and Morton Barlaz, NC State University

The presence of per- and polyfluoroalkyl substances (PFAS) in both landfill leachate and 
domestic wastewater is well documented as this class of chemicals is used in a wide 
variety of consumer products. PFAS are in general resistant to biodegradation and as a 
result, are not attenuated in typical wastewater treatment processes. The objective of this 
study was to estimate the total quantity of PFAS discharged to publicly owned treatment 
works (POTWs) in domestic wastewater and in landfill leachate as well as the quantity 
released in wastewater effluent. Influent and effluent PFAS concentrations were measured 
on samples from 31 POTWs, 15 municipal solid waste landfills, and 5 construction and 
demolition waste landfills. The total PFAS concentration across all landfills ranged from 
332 – 38733 ng/L. Perfluorohexanoic acid (PFHxA) exhibited the highest concentrations in 
landfill leachate (1986 ± 1009 ng/L). The total PFAS concentrations in POTW influent and 
effluent ranged from 8.29 –1468 and 34.59 - 522 ng/L, respectively. PFHxA was the PFAS 
compound with the highest effluent concentration (145 ng/L), whereas Nafion by-product 4 
exhibited the highest influent concentration (494 ng/L). Initial results indicate that ~10% of 
total PFAS in POTW influent may be attributable to leachate on a statewide basis but this 
result varies for each POTW. Wastewater effluent was estimated to be the source of ~5 to 
40 kg/yr of total PFAS in the largest river basins in NC, while the smallest receive less than 
0.4 kg/yr.
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Research to improve drought communication: Applications to the water 
resources sector

Presenter: Rebecca Ward, State Climate Office of NC, rvcumbie@ncsu.edu

During recent droughts in North Carolina, decision makers have articulated needs for 
drought information, including current or anticipated impacts, geographic extent and 
timing, and how and who monitors drought in the state. Feedback from sectors heavily 
impacted by drought in the state - namely, agriculture, forestry, and water resources - 
suggests that information users perceive existing drought information as unavailable, 
inaccessible, or insufficient to meet their needs. The State Climate Office of North Carolina 
and Carolinas Integrated Sciences and Assessments are collaborating on a project to 
increase the accessibility of existing information through the development of resources 
that resonate with water resource managers, extension agents, and other decision makers 
in North Carolina, are discoverable through their preferred communication channels, and 
help them and their constituents better understand and respond to drought events. In 
this presentation, we will showcase examples of new products, such as infographics and 
story maps. We will also highlight some of the longer-term project outcomes, including 
our process for engaging with decision makers to co-produce new drought information 
resources and strategies for creating and disseminating these to ensure that they will last 
beyond the project’s end date.

StreamStats application: A brief refresher for 2020

Presenter: Curtis Weaver, US Geological Survey, jcweaver@usgs.gov

The U.S. Geological Survey (USGS) StreamStats for North Carolina is a Web-based 
Geographic Information System application developed by the USGS in consultation with 
Environmental Systems Research Institute, Inc. to provide an assortment of analytical tools 
useful for water-resources planning and management. It was initially released in 2012. 
The NC application is available via the national application at https://streamstats.usgs.
gov/ss/. This web site provides helpful information for the user, including definitions of 
basin characteristics, details about the functionality of the StreamStats application, and 
user instructions. The StreamStats application provides an accurate and consistent process 
for users to easily obtain streamflow statistics, basin characteristics, and descriptive 
information for USGS data-collection sites and user-selected ungaged sites. The North 
Carolina application allows users to compute up to 54 basin characteristics and urban 
and rural peak-flow frequency statistics for a drainage basin at any point on a delineated 
stream. Example basin characteristics include drainage area, stream slope, mean-annual 
precipitation, and percentage of impervious area from the 2001, 2006, and 2011 National 
Land-Cover Database (NLCD). The application provides streamflow statistics that were 
previously available only through published documents, such as peak-flow frequency 
and flow duration. Since 2012, updates to the NC application have been completed to 
incorporate: (1) USGS flood-frequency techniques recently published for urban and small 
rural basins in North Carolina, (2) low-flow characteristics and flow-duration statistics 
(through 2012 water year) for selected North Carolina continuous-record streamgages, 
(3) land-cover characteristics from the 2011 NLCD, and (4) Stochastic Empirical Loading 
and Dilution Model streamflow statistics for 266 streamgages across North Carolina. 
These updates were completed in cooperation with the N.C. Department of Transportation 
(Hydraulics Unit) and the N.C. Department of Environmental Quality (Water Resources 
Division).

The Iowa watershed approach: Building a flood resilient Iowa and implications 
for North Carolina managers

Presenter: Larry Weber, Iowa Flood Center, larry-weber@uiowa.edu
Co-Authors: Wijtek Krajewski, Iowa Flood Center and Paxton Ramsdell, Environmental 
Defense Fund

The Iowa Flood Center (IFC), part of the internationally recognized IIHR—Hydroscience & 
Engineering (IIHR) research institute, has leveraged their skill and expertise to bring over 
$100 million to the state of Iowa to implement the Iowa Watershed Approach (IWA). The 
IWA has been funded through the U.S. Department of Housing and Urban Development to 
work in priority watersheds across the state to bring Iowans together to help reduce flood 
impacts, improve water quality, and increase community flood resilience. The program 
represents a vision for Iowa’s future that voluntarily engages urban and rural stakeholders 
throughout the watershed to work together to achieve common goals. The IWA is a dual 
program that focuses on the following: 1) implementation of flood mitigation projects, and 
2) community flood resilience programming. IFC’s technical expertise provides guidance for 

placement of strategic conservation practices such as ponds, terraces, and wetlands that 
work progressively with Iowa’s agricultural system to increase storage and water retention 
across an intensely altered landscape. Community flood resilience engagement activities 
are helping communities prepare for, respond to, recover from, and adapt to floods. The 
IWA is a forward-thinking approach for addressing the impacts of more widespread and 
heavy rainfall that’s been experienced in recent decades. The scientific and technological 
advances developed by IIHR and the Iowa Flood Center have served as a significant source 
of leverage to bring the IWA project to the state of Iowa. The presentation will include a 
description of the IWA and will discuss innovative tools and resources that are being used 
to support and carry out program goals. 

Collaborative drought planning and response in the Catawba-Wateree and 
Yadkin-Pee Dee river basins

Presenter: Jonathan Williams, HDR, jonathan.williams@hdrinc.com

Water right lawsuits. Interbasin transfer disputes. Dry lakebeds in extreme drought. 
Nutrient loading and algal blooms. Coal ash risks. While the media headlines have 
painted a bleak picture of the issues facing some of North Carolina’s largest and most 
densely populated river basins, there is a movement afoot that deserves equal attention. 
Collaborative planning between water and power utilities and other stakeholders within 
the Catawba-Wateree and Yadkin-Pee Dee River Basins is helping to redefine the 
power of partnership through planning on a regional scale. Organizations such as the 
Catawba-Wateree Water Management Group, Catawba-Wateree Drought Management 
Advisory Group, Yadkin-Pee Dee Water Management Group, and Yadkin-Pee Dee 
Drought Management Advisory Council are working together to develop effective 
drought management response strategies and mitigation measures to ensure there are 
sufficient water supplies in the region, even during our driest times. The work of these 
groups includes basin-wide drought monitoring and response programs through Low 
Inflow Protocols (LIPs), which utilize hydrologic conditions metrics related to streamflow, 
groundwater, usable reservoir storage levels, and the US Drought Monitor. Additionally, 
both the Catawba-Wateree and Yadkin Pee Dee Water Managements groups coordinate 
long-range planning for water quantity and quality considerations through long-range 
water resources management plans. This presentation will provide an overview of the 
organizations involved in these collaborative efforts and will provide a detailed look into 
their planning efforts focused on drought monitoring, planning, and response throughout 
the region.

2,2,6,6-Tetramethylpiperidinyloxy (TEMPO) oxidized cellulose nanofibrils as 
environmentally friendly flocculating agents for clarification of storm waters

Presenters: Krysta Wilson, kbwilson.2016@mymail.jcsu.edu, and Todd Coolbaugh, 
mtcoolbaugh@jcsu.edu, Johnson C. Smith University
Co-Authors: Chyna T. Bly, and Maya Foxworth, Johnson C. Smith University; Juanita Purdy, 
Charlotte Mecklenburg School District

High turbidity is a significant problem associated with urban and construction site storm 
water runoff. In areas such as North Carolina with high amounts of easily suspended 
clay particles, traditional approaches to mitigating turbidity, such as retention ponds, 
are not effective. Overflow from these sites contain colloidal suspensions, for example, 
dust particles and minor oil drops which contain surface charges and keeps them from 
aggregating and settling out. Commercially available flocculating agents (e.g. polyacrylates 
and polyacrylamides) are being investigated as a means of solving this problem. However, 
there are questions concerning the environmental fate of these chemicals and their 
carcinogenic potential. This research examined TEMPO oxidized CNF (cellulose nanofibrils) 
produced by the Forest Products Laboratory of the US Department of Agriculture. CNF 
may be attractive alternatives since they are produced from a renewable resource and are 
biodegradable. Soil samples were gathered from different areas, including a construction 
site and a dry retention pond, were added to deionized water and subjected to magnetic 
stirring to simulate storm water runoff. The impacts of CNF concentration, pH and setting 
time were investigated. From the samples, substantial sedimentation was observed along 
with formation of colloidal suspensions. The effectiveness of flocculation increased with 
an increase of pH. TEMP-CNF alone were not effective at decreasing turbidity. Addition of 
Ca2+, however, resulted in very effective flocculation and nearly perfect clarification. This 
is consistent with negatively charged colloids. The use of neutral or positively charged CNF 
as flocculating agents should be investigated.
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BMP prioritization and TMDL compliance

Presenter: Jason Wright, Tetra Tech, hillary.yonce@tetratech.com
Co-Authors: Hillary Yonce, Maureen Harris, and Kori Higgs, Tetra Tech

Municipalities subject to total maximum daily load (TMDL) requirements often seek more 
sophisticated methods for compliance. That often involves meeting a TMDL or compliance 
target for each watershed in their MS4. Tetra Tech is assisting municipalities across the 
county in developing a BMP prioritization methodology that incorporates a large quantity of 
high-quality geospatial data to optimize plans for retrofits to provide the largest pollutant 
reductions for the lowest cost. The GIS-based feasibility analysis incudes a prioritization 
matrix of all potentially feasible sites. Key metrics of-interest as part of the prioritization 

scheme include land use type, presence of easements, imperviousness, available space, 
and proximity to key features such as floodplains, waterbodies, tidally influenced areas, 
and existing stormwater utility or management features. The methodology emphasizes 
options for potential retrofits on existing public and private lands, as well as opportunities 
to modify existing BMP features to provide improved pollutant reductions. The highest 
priority locations are modeled to determine expected pollutant reductions and conceptual 
designs for the highest priority sites will to represent a range of retrofit opportunities 
on both public and private lands. This approach provides each municipality with a list of 
potential projects in optimal locations across the watershed to integrate water quality 
improvements into long range plans to maximize project efficiency while minimizing cost to 
meet the requirements of the TMDL.

Attendees are responsible for tracking and self-reporting for professional development hours. WRRI provides 
this checklist to help you track which sessions you attended. We will provide you with an electronic certificate 
of completion by email after the conference. To receive a certificate and to keep your name on record as hav-
ing attended the conference, you MUST sign the PDH/CEU sign-up form at the registration desk at the end 
of each day. 

Available credits are as follows:
• Up to 14 hours for licensed engineers and surveyors (8 hours on March 18, 6 hours on March 19)
• Up to 10.5 hours for licensed soil scientists (5.5 hours on March 18, 5 hours on March 19)
• Up to 13.5 hours for licensed geologists for sessions with geology-related content (7 hours on March 18, 

6.5 hours on March 19); WRRI is listed as #113 on the 2020 Pre-Approved Provider List
• Credits for licensed landscape architects pending approval

Professional Development Hours 
Credit Instructions
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WEDNESDAY, MARCH 18

Concurrent Session 1

Professional Development Checklist

Room 5

(20 min. each)
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Barancheshme
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DeMeester
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(30 min. each)

Barg & Daniel
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Harrison
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(60 min.)
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Wright
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Total Hours for Day 1: ________
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McNutt
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THURSDAY, MARCH 19
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(20 min. each)

Riggs

Sabeh
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(20 min. each)
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Thanks to your efforts, our conference has earned the 

Wolfpack Certified Sustainable Steward 
designation for four years running. 

We’re grateful for your help preserving resources and protecting the environment!

This year WRRI is making a commitment to eliminate single-use plastics at our conference because we recognize the significant impact 
of plastic pollution on water resources. Sponsor support is helping us cover the additional cost of reusable service-ware and special 
disposal of compostable items. Our valued guests can help, too!

We invite our guests to support this initiative by implementing the following practices:

• Recycle or return your conference booklet when you are finished using it. 

• Return your nametag after the conference so we can reuse it. 

• Use appropriate facilities offered throughout the McKimmon Center for other conference waste (recycling, compost, trash) and 

ensure waste goes into the proper receptacles. 

• Reuse water and coffee cups or bring your own reusable thermos, water bottle and reusable straw. 

• Monitor your personal water usage. 

• Take advantage of alternative transportation, like the NCSU Wolfline Bus or carpools, during the conference to avoid single-car trips. 

• Turn off unnecessary electronic devices during the conference. 

• Take advantage of the green space surrounding the venue to move more during the event to increase circulation and burn calories. 

After all, your health and well-being are worth sustaining, too!

Learn More
Join our “Plastics and Water” session, featuring research on microplastics in barnacles and fish, discussion of water management and 
policy implications, and insights on engagement with Straws filmmaker Linda Booker.
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