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Background

Excessive nitrogen is causing eutrophication in
a majority of Cape Cod’s estuaries

Towns are planning and implementing nitrogen
mitigation actions to meet TMDLs

TMDLs and planning tools are scaled to
embayments/subembayments based on
regional GW flow models
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Can we use river water quality to identify
source areas in the groundwater watershed
to prioritize actions for nitrogen reduction?
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Upper and Mid Cape River Surveys
(“Seepage run” with sampling)
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Santuit River - Mashpee, MA

Field Results - Seplemoenanl)
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Summer Winter
Santuit River - Mashpee, MA Santuit River - Mashpee, MA
September 2019 March 2021
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Nitrate reach flux, in kg-N/d/100 m

INCREMENTAL (REACH) FLUXES FOR 62 RIVER REACHES
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September 2019 - Top 12

Santuit River (3)
Skunknet River(3)
Mashpee River (2)
Quashnet River (1)
Bumps River (1)
Coonamessett River (1)
Marstons Mills River (1)
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Steady-state regional

groundwater flow model
- Groundwater contributing area to river
- Groundwater travel times

USGS: McCobb and Walter, 2019
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Cape Cod Commission
WatershedMVP database
- Parcel-scale water use
- Parcel-scale wastewater flows
- Parcel-scale nitrogen loads
CCC: www.watershedmvp.org

MassGIS land use dataset

MassGIS:https://docs.digital.mass.gov/dataset/
massgis-data-layers



https://docs.digital.mass.gov/dataset/
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Comparison of Contributing Area (CA) Load

Mashpee River - Mashpee, MA

Factors to Reach Observations March 2021
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Comparison of Contributing Area (CA) Load

Mashpee River - Mashpee, MA

Factors to Reach Observations March 2021
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Approach Considerations

 Temporal snapshot - expect variability in
flow and concentrations

- Errors in differential flow measurements increase
with decreasing reach length

e Steady state regional flow model

- CAs are simulated for average conditions
- Errors associated with regional grid size

* Not a nitrogen transport model — based on
direct measurement of groundwater load to
rivers

e GW traveltime and nitrogen source history




Summary

Seepage run effective method for measuring loads
to identify groundwater inputs to streams

e C(lear linkage between river observations and
groundwater contributing area inputs (reachsheds)

Kal Csigi

* Prioritizing groundwater reachsheds is possible to ' A - Quashnethiver
maximize nitrogen reduction efforts

 Technique may be useful for siting alternative
reduction approaches such as PRBs, I/A septic
systems

_ - . . Contact:
enis LeBlanc ’ o Tava . ‘w Tim McCobb
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Additional research needed:
) Human health and ecological risks
associated with picocyanobacteria

X 2) Triggers of toxin production
3) Purpose of toxin production

(chemical defense, micronutrient
scavenger, nutrient source)

© Copyright 2022 Nancy Leland All rights reserved



Ecological niches suggest
use as indicator organisms

The bloom forming cyanobacteria (BFC) = slow-
growing, specialized niches

The picocyanobacteria (Picos) = fast-
growing, highly adaptive, niche
diversification

© Copyright 2022 Nancy Leland All rights reserved



Biomass growth rates
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Freshwater applications on Cape Cod:
Easy to use
Low cost
Reliable
Repeatable
Transferable

Brackish systems:
Pigment fingerprinting could replace more
expensive techniques for picocyanobacteria
(epifluorescence, flow cytometry, qPCR)




Microcystis

Cyanobacterial Assessment Model
30+ sampling sites in 2021

Light microscopy and fluorometry:
Community composition response to salinity

<1 ppt: BFC’s present in all systems
1-15 ppt: Halotolerant BFC’s at some sites
<15 ppt: Picos dominate cyanobacterial biomass

Ecological indicators
Diversity indices
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Picocyanobacteria as ecological indicator
of toxin concentration...

In freshwater systems our interpretation
may be enhanced by including picos

In brackish systems, our interpretation
requires the inclusion of picos

...while opening the door to other assessments
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Microcystis

Cyanobacteria as a response variable for

14 day growth rate (pd”)

stormwater control measures
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a Tool to Inform Land Use Decisions in Coastal
Watersheds

Cary Chadwick
Qian (Rachel) Lei-Parent
Chet Arnold
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Nitrogen(N) pollution is a major threat to coastal watersheds
Ba Ckg roun d and the communities within their watersheds.

It is crucial for decision makers to understand the relationships
between land use and the fate and transport of N.




N-Sink Goals

* Create a planning and visualization tool for users to
explore the relationship of land use to N pollution
of their coastal waters

v broad applicability
v/ easy to use/understand
v accessible online

* Anchor the tool in a land use context by identifying
specific areas in watersheds important to N pollution
management.

v’ sink areas (wetlands, riparian areas, ponds & lakes)

v’ areas with high likelihood of efficient N transport




Caveats, explanations, disclaimers

N-Sink:
* is a decision support tool, not a rigorous model
e uses widely available national datasets rather than field data

e focuses on sinks and their importance rather than calculations of
sources/loadings

Shifts attention to the watershed,
rather than the receiving waters




So, what is N-Sin'_— |

-Sink is an R-package and a web
tool

— uses particle tracking to estimate N
pathway from source to receiving water

— estimates N removal based on
characteristics of landscape sinks alon
that pathway, based on best available

Ecological Engineering 36 (2010) 1596- 1606

:'

Ecological Engineering |

[

i

journal homepage: www.elsevier.com/locate/ecoleng

H

A geospatial approach for assessing denitrification sinks within i

lower-order catchments :

D.Q. Kellogg*, Arthur ]. Gold, Suzanne Cox, Kelly Addy, Peter V. August b

University of Rhode Iskand, Department of Natural Resources Science, 105 Coastal Institute in Kingston, Kingstan, B 02881, US4 L

ARTICLE INFO ABSTRACT :
Article history: Local decision makers can influence land use practices that alter N loading and processing within the

Received 17 November 2000 drainage basin of lower-order stream reaches. Because many practices reduce water retention times and '
Received in revised form 17 February 2010 alter the timing and pathways of water flow, local decisions regarding land use can potentially exert

Accepted 17 February 2010 a major influence on watershed N export. We illustrate a geospatial approach for assessing the role of [
denitrification sinks in watershed N delivery at the local level using: (a) widely available geospatial data,

n (b]) current findings from peer-reviewed literature, () USGS stream gage data, and (d) locally based data |

ﬁvg}'“‘”m on selected stream attributes. With high resolution, high quality GIS data increasingly available to local :

atershed management " > o !

Nitrogen sink communities, they are now in a position to guide local management of watershed N by targeting upland '

Geospatial analysis source controls and by identifying landscape sinks for protection andfor restoration. We characterize )
Riparian wetland riparian wetlands, lentic water bodies, and stream reaches as N sinks in the landscape and use geospatial
Reservoir particle tracking to estimate flow paths from N sources and evaluate N removal within sinks. We present
Stream reach an example analysis of the Chickasheen drainage basin, RI, USA, comparing N flux from three equivalent

Best Management Practices hypothetical N source areas situated in different regions of the watershed and illustrating the role of each |
N sink type inmediating N flux. Because our goal is to generate a tool that is used by and useful to decision

makers we are exploring methods to better understand how decision makers understand and respond to ‘

1

the manner in which information is presented.
i@ 2010 Elsevier B.V. All rights reserved.

1. Introduction across a wide range of geographic scales consistently find that

watersheds retain 60-90% of total watershed N inputs (Howarth

science

— examines watersheds at the HUC-12
level

— uses national geospatial data

https://clear.uconn.edu/projects/nsink/about.htm

Nitrogen (N) export from coastal watersheds exerts profound
effects on the function and value of coastal estuaries. Harmful algal
blooms, hypoxia, and destruction of critical spawning habitat are
among the many problems linked to elevated N contributions to
coastal waters (Howarth et al., 2000; Diaz, 2001; Goolsby et al.,
2001; Nixon et al., 2001; Rabalais et al.. 2001; Diaz and Rosenberg,
2008). The annual N loading to the biosphere has more than dou-
bled in the past 50 years, and estuaries are receiving substantially
more N from terrestrial sources than in the past (Vitousek et al.,
1997). High concentrations of nitrate in shallow groundwater and
streams are correlated with agricultural land use and unsewered
residential developments (Gold et al., 1990; Nolan et al, 2002;
Nowicki and Gold, 2008). However, watershed processes can miti-
gate N delivery to coastal waters. Mass balance studies conducted

+ Corresponding author, Tel.: +1 401 874 4866; fax: +1 401 874 4561,
E-mail addresses: qkellogg@uriedu (D.Q, Kellogg), agold@uriedu (AJ. Gold),
suzacox@mail uri_edu (S. Cox), kaddy@uriedu (K. Addy),
pete@edcuriedu (PV. August).

etal, 1996; Jordan et al., 1957).

One of the major advances in watershed science over the last
25 years has been the realization that certain areas of the land-
scape have a capacity to function as “sinks” for N. Areas of high N
sink capacity can include riparian wetlands, reservoirs, and lower-
order streams where particular features, such as pools or organic
debris dams play an important role in N removal (Mitsch et al.,
2001; Peterson et al.,, 2001; Groffman et al,, 2003; Mitsch and Day,
2004; Seitzinger et al., 2006). Seitzinger et al. (2006) suggested that
water residence time was a controlling factor for reducing N load-
ing in all these settings and that hydrology and geomorphology
strongly influences residence time. In sink areas, biogeochemical
processes transform inorganic N, especially nitrate, into organic N
in plant and/or microbial biomass, or into N gases via denitrification
(Gilliam, 1994; Hill, 1996; Gold et al., 2001; McClain et al., 2003),
preventing movement of N into receiving waters. In contrast, where
landscape sinks are absent or are bypassed by land management
practices (e.g., tile drainage or storm water conveyance systems),
activities generating N losses (sources) pose a greater risk of water-
shed N export (Geld et al,, 2001; Paul and Meyer, 2001; Dinnes et
al., 2002).

Y
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https://clear.uconn.edu/projects/nsink/about.htm

Geospatial Data Sources

Uses widely available (national) spatial datasets

1. Hydrography (NHD-Plus V2)

a. NHD, NED, WBD

b. Catchment characteristics, cumulative drainage area characteristics,
flow direction, flow accumulation, elevation grids

c. Flow rate & velocity for each reach in the stream network

2. Solls from Soil Survey Geographic (SSURGO) Database
3. Land cover from 2016 National Land Cover Data (NLCD 2016)



A focus on retention time

* Wetlands (hydric soils)
— Based on % hydric in soil mapping units (SSURGO)
— Use NLCD to exclude impervious cover

* Ponds/lakes/reservoirs

— Based on Pond area/Catchment area
(NHD Plus V2)

e Stream reaches

— Based on velocity in stream reach (NHD Plus V2)




( Watershed Maps
I e N e . The original version of N-Sink was vector-based and built using ArcGIS API for Adobe Flex (which is no longer available). We are upgrading the tool

but the analytical outputs - the maps produced by the model - have not changed. Here are sample maps for our two pilot watersheds, the Niantic
River Watershed in southeast Connecticut and the Palmer River Watershed in Massachusetts. Brief descriptions of the three analytical outputs.

Nitrogen Removal Efficiency Nitrogen Transport Index Nitrogen Delivery Index

1. Removal Efficiency

2. Transport Index

Niantic River N Removal Niantic River N Transport Index Niantic River N Delivery Index
Efficiency
VIEW MAP VIEW MAP
VIEW MAP

Nerogen Transport Index

| e v Wekerstnd DA L

3. Delivery Index

Palmer River N Removal Palmer River N Transport Index Palmer River N Delivery Index
Efficiency

https://clear.uconn.edu/projects/nsink/watershed.htm R R



https://clear.uconn.edu/projects/nsink/watershed.htm

Removal Effl‘
Estimates percent of N removal

In landscape sinks

Removal rates are based on
research results from the
literature

Darker green color indicates

higher percent of N removal.

Focus is on conservation
priorities

Nitrogen Removal Efficiency
Palmer River Watershed (HUC 12)

Nitrogen Removal Efficiency (NRE, range 0
to 80%) is the estimated percentage of N
removed within three types of landscape
N sinks — wetlands, streams and ponds. "

These estimates make use of peer-
reviewed published N removal ranges, as
well as physical characteristics of each
sink that influence residence time.
These landscape N sinks are
color coded, with darker colors
denoting higher NRE and
lighter colors denoting lower.
NRE. N removal e=**
hydrologic data fr
V2, land cover. dat:
(2016, 30 m) and sc
from SSURGO.

Nitrogen Removal Rate
0-20% (no color)

20 - 40% N
I 40 - 60% A O
I 60 - 80%

0 05 1 15 2
ey Miles




Transport IncJ

Uses particle tracking to calculate
cumulative N removal along the
pathway originating at a given location

Estimates percent of N reaching
downstream receiving water

Warmer color indicates higher N
leakiness.

Focus is on areas to prevent future N
inputs and/or reduce current inputs

Nitrogen Transport Index
Palmer River Watershed (HUC 12) ..

Nitrogen Transport Index (NTI, range 0 to / \Y
100%) estimates the percentage of N 1

originating at a given location within a
watershed that is expected to reach
downstream receiving waters, such as a
coastal embayment.

Hotter colors denote more N reaching (
receiving waters while cooler colors denote
lower N transport from a given point on
the map. N-Sink estimates N removal

\ E
\/\ -1
streams and ponds (see N ) \

within landscape sinks—wetlands,

Removal Efficiency map). The NTI ) as
is based on particle tracking from 1’ ‘ e

origin to receiving water, wi+'

removal occurring :
landscape sinks enc X \ea

that path. Particle tr

removal estimates us
data from NHDPIlus V.

cover data from NLCD \zu16,

30 m) and soils data from

SSURGO. Flow path removal

was calculated for all points W -
and interpolated, resulting in

raster flow path removal with
a ~90m resolution. %

-y

% N Reaching Coastal Waters
B < 10%
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Nitrogen Delivery Index

[ ]
D e I |Ve ry I n d I Palmer River Watershed (HUC 12) /|

eeeeeeeeee

HEMLOCK, 7

The Nitrogen Delivery Index (NDI, range 0

° Estimates percent of N being t0 100) and is a relative measure of the

estimated N being transported from a
location within a mapped watershed to

transported from a given location to

Nitrogen loading estimates are based on

re Ce iVi n g Wa te r land cover classes, making use of peer-

reviewed published data, and normalized,
with a range of 0 to 1. These N loading
factors are then multiplied by the N

1. Estimates N loading rates based on Transportffiency(range 0t

100) from a given location wit"
a watershed, to arriv 5
N LC D Darker colors denote ea
estimated N transpori a‘

location, taking into ac

potential N sources at a

2. Calculate Delivery Index by multiplying || sz snisenouncsisons ’
N loading by Transport Index e Fan i | A

use land cover data from NLCD
(2016, 30 m), hydrologic data

* Darker red color indicates higher levels | wmmonszma & g 000§

data from SSURGO.

of N delivered to receiving water RN

eeeeeeeeeee

Nitrogen Delivery Index

* Focus is on source controls, best o 20 o oo

practices, monitoring - 0
I 30 - 100
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NHD+ —

SSURGO —

NLCD —

Workflow: from R to Arc

Nitrogen Removal Efficiency

N sinks - wetlands, streams and ponds.

These estimates make use of peer-
reviewed published N removal ranges, as
well as physical characteristics of each
sink that influence residence time.

These landscape N sinks are

color coded, with darker colors
Genoting higher NRE and

lighter colors denoting lower

NRE. N removal estimates use
hydrologic data from NHDPIus

V2, land cover data from NLCD

(2016, 30 m) and solls data

from SSURGO.

Nitrogen Removal Rate
0-20% (o color)
20-40% N

I 40-60% A

I 60-80%

0 05 1 15 2
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N-Sink
R package

Particle Tracking



n.edu/projects/nsink/

So, whe

UCONN | UNIVERSITY OF CONNECTIC

COLLEGE OF AGRICULTURE, HEALTH AND NATURAL RESOURCES
N-Sink: Tracking Nitrogen in the Environment

N-Sink R package

e P Uaare
— Downloadable from GitHub

— https://github.com/jhollist/nsink =%

— Run on HUC-12 extent B

N-Sink Tool

About N-Sink

Our interactive app featuring
all 76 coastal CT &RI
watersheds:

The N-Sink tool was created
to be a useful, easy way for
local land use managers to

* N-Sink Web App

— Covers all 76 HUC-12's along
the CT and RI shorelines

— An interactive decision support

explore the rela web app
between land u
nitrogen pollution in their
waters. N-Sink uses the best
available science on land
use/nitrogen interactions,
plus widely available basic
datasets for w
networks, soils|
to highlight major sources
and sinks of nitrogen within a
watershed context.

For programmers who want
to run N-Sink on their own:

R package on GitHub

Sample
Watershed
Maps

N-Sink is designed as an
interactive web tool, but here
is a quick look at examples
of the three maps created by
the N-Sink analysis.

Included here are the Farm
River in south-central
Connecticut, the Niantic
River in southeast
Connecticut, and the Palmer
River straddling the line
between Rhode Island and
Massachusetts.

Contact

F

CLEAR UConn

Nitrogen and
Aquatic
Systems

Nitrogen pollution is
emerging as a major threat
to coastal watersheds,
estuaries and embayments,
and the communities within
their watersheds. Find some
key references here.

tool to visualize, explore and
analyze N-Sink maps online

TETETETE T s

. — T
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https://github.com/jhollist/nsink

- |
e
¢

I i‘l mi
-72 385 41.323 Degrees | A

N-Sink Wil Apfs.uconn.edu/nsink

Incudes 3 interactive N-Sink maps, watershed analysis dashboard, and N tracker tool

=
=l dp dle ea A

OBJECTID
1

(S I = VN )

segment_type
No Removal
Hydric

Stream
Lake/Pond
Lake/Pond

length_meters
62

65

1268

1860

4009

ammwemm == 5|5 . UConn/CTDEEP. Esri. HERE. Garmin. GeoTechnologies. Inc.. USGS. METI/NASA. NGA. EPA. USDA | Fundina for the W. ..

percent_removal
0

40.3

0.12

52

n_in
100
100
59.7
59.63
28.62

n_out
100
59.7
59.63
28.62
28.62




THANK YOU

Cary Chadwick

cary.chadwick@uconn.edu

Qian Lei-Parent

gian.lei@uconn.edu

Chester Arnold

chester.arnold_jr@uconn.edu
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