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| Management Question

What conditions generate pollution sources that cause
bacteria pollution problems?

How do patterns of pollutant delivery affect the timing
and magnitude of bacteria pollution events?

How long do bacteria pollution events last after a
watershed delivery event?




NEST Biophysical Research Team

Gulf of Maine Scale: A runoff-based coastal bacteria pollution
vulnerability analysis

 High bacterial counts often correlate with rainfall events
 Rivers deliver terrestrial contaminants to the coast

 Using geospatial data and hydraulic models, we can:

* Identify watershed metrics that correlate with high contamination
frequency

» Estimate residence time and concentration of runoff within
harvesting zones




Gulf of Maine Scale

Landscape Pollution Response Units:

Sources Delivery

* Basin Size * Basin Size
 Soil Drainage * Relief

« Human Population  Drainage Density
* Land cover
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 Tidal Embayment Hydraulics

(o5 ¢51ansUNNAMED PON
o

X 7 Embay

s ; — .» ~r ' Ny Shape
Basin Size  “ B '

2681 ™ aaa S N - COOS[C"eal'th

AMEZQICORIE) W elev 35m  eyealt 11.66km O

Waelev: 27m  eyealt 1.49 km &




Data Summary
Total Watersheds: 535
DA Range (km?): 1,660 —0.176
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“Natural” break
appears at 5 clusters.
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) .C1: high relief, wide estuary, thin soil
B C2: high storage, forestry / ag uses
[]C3: average conditions
Bl C4: urban

C5: low relief, bedrock drainage control
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Fecal coliform sample sites:

‘ Closure sites where 90th percentile coliform scores #
| exceed 31 counts per 100mL

Red: above 31
Blue: below 31

Latitude
Turbidity FNU

-70.2 -70 -69.8 -69.6 -69.4
Longitude

Source: UMaine Coastal Satelite Oceanography Team
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Cadillac mtn.

The Tarn

Great Meadows

Cromwell Cove

500 m

|—

Bar Harbor



Summary

Averaging Int. 40 # Stations

Start Edge LEW Total Width

Mean SNR 35.8dB Total Area

Mean Temp 10.73°C  Mean Depth

Disch. Equation Mid-Section Mean Velocity
Total Discharge
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Watershed Modeling Platform — MIKESHE (DHI)

Coupled Groundwater — Surface Water Modeling
50 m grid ; Continuous Precipitation Time Series

Figure created by Brett Gerard, U Maine Sch. of Earth and Climate Sciences
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Cromwell Brook

Storage in Great Meadow and
the Tarn pond create lower

peak flow

rates and extend

elevated flow duration.
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— Otter Creek
— Cromwell Brook

Less storage in Otter Creek
& Kebo Brook watersheds
create more flashy runoff
responses.
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. Water Quality Load Estimation
100 . R L (M/t) = Q (L3/t) x C (M/L3)
y = 30.69x9-67 . o.
F, R L = load
i i C = concentration
A I Q = water flow rate
1 o ) ... ° ®
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17 24 hr rain
max 5.5 day res.

T4
I Kilometers

Affected estuary
zones after rainfall:
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x. Time interval (days) in which estuary hosts runoff concentration above 0.5%
Presumpscot

St. George
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Watershed (n = 535)




Findings:

1.

Five Watershed Types: Analysis using 15 proxy metrics for runoff and pollution
sources, delivery and residence time produced 5 primary coastal watershed types.

. Vulnerability to Bacteria Pollution: ldentified watershed types coincide with

statistically different bacteria pollution responses.

. Attribute Influence: Some watershed attributes have greater influence on the

frequency of bacteria pollution than others.

Low Correlation: No single attribute is highly correlated with bacterial pollution
problems on their own.

Residence Time: Calculations suggest that freshwater residence time is less than
two weeks in some estuaries.

. Closure Rules: EXxisting data resources support varying rules relative to position in

an estuary and precipitation amounts.



Recommendations

Near Term:
1. Rules for closure should vary relative to rainfall and estuary position.

2. Biases in bacteria sampling need to be examined and addressed to improve
comparative evaluations of vulnerability. Locations with low frequency of
bacteria contamination problems and at the outlets of nontidal watersheds need
to be sampled more extensively.

3. Management attention should be focused on bacteria and runoff sources to
address bacteria problems over delivery and residence time issues.

4. Several important data gaps remain to be filled to improve coastal watershed
characterizations, including drainage network delineations (incl. storm and
sewer networks) and detailed estuary bathymetry.



Recommendations

Long Term:

1.

More attention to stochastic processes (e.g., spills and breaks) and large river
hydrodynamics.

Better quantification of the associations between rainfall and runoff is needed in
varied settings by gaging streams in representative coastal settings (clusters).

The relative roles of watershed features (e.g., ponds, pipes), climate change and
coupled land-sea interactions in representative coastal settings need to be
quantified more extensively. This work has been initiated in two of the five
clusters.

. Associations between runoff discharge, total suspended solids, turbidity and

bacteria need to be better quantified, and the ability to predict bacteria
contamination from turbidity should be explored.



THANKS

Maine Department of Marine Resources (Kohl Kanwit)
Maine Healthy Beaches Program (Keri Kaczor)

Well National Estuarine Research Reserve (Jacob Aman)
NPS Acadia National Park (Brian Henkel)

Collaborators Student Assistants
Kate Beard (UM) Abigail Bradford
Damian Brady (UM) Caroline Carrigan
Kelly Cole (UM) Whitley Gilbert
David Hart (UM) Sam Kane

Steve Jones (UNH) Justin Leavitt
Chris Petersen (COA) Dave Lemery

Nick Richmond




