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e Urbanization in coastal watersheds
(Freeman et al., 2019)

 Aging infrastructure with increasing
demand (ASCE, 2017)

« More frequent and intense storm
events (Knutson et al., 2020)



NC Coastal Plain

i » NC 3rd largest low-lying region in the US
Ew-ﬂ-s (Poulter et al., 2009)

 Sea level up 0.28 meters higher than in
1950 (SealevelRise.org, 2020)

 Coastal region expected to grow 26%
within decade (NC Office of State Budget
and Management, 2015)

NCFMP, NCDOT, NCCGIA

Digital Elevation Model (DEM) Depicting Elevation in Coastal,
Eastern NC



Wastewater vs. Stormwater
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Bacteria

e Salmonella
e Campylobacter

e E. Coli (Ex.
0157:H7)

Viruses

e Norovirus
e Enterovirus
e Rotavirus
e Adenovirus

Fecal
Material

Protozoa

e Giardia
e Cryptosporidium




Public Health & Economic Significance

* Exposure linked with

adverse health effects e
* Increased incidence of -~
gastrointestinal illness 531
(Arnold et al., 2017) &
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e Estimated annual
economic burden of
S2.9 billion (DeFlorio-
Barker et al., 2018)

 USEPA Regulatory
Framework

(Adapted from Palmer et al., 2014)



A Multi-Faceted Collaborative Approach Toward Managing Stormwater impacts on
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Background

e Stormwater dynamics in coastal NC vary (Hart et al., 2020)

* Hydrological and meteorological factors vary on a local scale (Ex. regional weather
patterns)

* Low-lying coastal terrain with minimal topographic slope (NOAA, 2020)
* Semi-diurnal tides with moderate range (King Tides, 2020)

e Proximity to Rachel Carson Reserve (RCR)
* Within NC Coastal and National Estuarine Research Reserve Systems (NC NERRS)



Study Site: Town of Beaufort (ToB), NC
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1. Determine quantity and sources of stormwater-related contaminants to
Taylor’s Creek and Rachel Carson Reserve (RCR)

* Previous research conducted showing significant levels of human-associated fecal contamination (Hart et al.,
2020)

» Differences exist between bacterial loading between WWTP-impacted waters and waters with diffuse sources of
pollution (US EPA, 2012)

2. Use predictive modeling tools to understand drivers of fecal contaminant
delivery

* Characterize tidal phase in a manner never done before within an estuarine, receiving water system
* Determine microbial delivery patterns in context of tidal cycle and other parameters



Methods

e Samples were collected during both storm (>0.25 in) and ambient
conditions from July 2017 to June 2018.

* Classified into tidal categories by distance of sample collection from
nearest high tide.

* Inundated (<2 h), Transition (2-4 h) and Receding

.

(>4 h)
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I Ann Street Bl Marsh/Pollock B Orange Street
B [nundated B Transition B Receding
B Cry (<0.25 im) B Wet (=0.25im)




B Orange Street

Results

B Marsh/Pollock

B Ann Street




EC ENT ENT-gPCR HF183
Mean (min- Above Mean (min- Above Mean (min- Above Mean (min- Above
max) standard max) standard max) standard max) standard
N N N N
Site Log MPN/100 EC %? Log ENT %P Log ENT- Log HF183 %°
mL MPN/100 copies/100 qPCR%¢ copies/100
mL mL mL
OS 2.15 32.2 1.76 27.1 2.19 14.3 1.66 14.8
(0.7 — 4.05) (0.7 —4.27) (0.7-4.5) (0.7 — 3.55)
59 59 14 27
M/P 2.69 54.5 2.39 61.4 3.08 38.9 2.22 32.0
(0.7 —4.78) (0.7 - 4.78) (0.7 - 5.03) (0.7 - 4.07)
44 44 18 25
AS 3.62 75.9 3.10 79.3 3.96 83.3 2.59 27.3
(1.72 - 5.64) (0.7 — 4.65) (2.61 —4.86) (0.7 — 3.49)
29 29 12 11

aUS EPA 2012 FIB recommended threshold; ® NC DEQ ENT threshold; ¢ Haugland et al., 2010; ¢ US EPA 2012

molecular marker recommended threshold
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Impact of Tide Study Conclusions

* Enterococci and HF183 concentrations significantly influenced by tidal stage

e Consider monitoring programs that incorporate tide into monitoring and municipal
engineering

* Monitoring programs based solely on rainfall are problematic

* External factors drive stormwater delivery
* Incorporate hydrologic flow and salinity measurements more extensively

* Application of predictive modeling possible
* Inclusion of tidal parameters necessary



Next steps:

* Autonomous boat-based monitoring of the Town Creek area of the
Town of Beaufort to identify compromises in sewage infrastructure

* Post-sewage pipe construction assessment of Orange Street Outfall

* Assessment of the contribution of illicit dumping from boats in
marina

e |dentification of solutions for tidal inundation



Early version of Boat development by Duke Marine
Robotics and Remote Sensing (MARRS) Lab
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BART-Beaufort
Autonomous
Remote Tracker
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