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Resilient Shorelines
Location: Room 1

Genesis of Shoreline Designs at Wagon Hill 
Farm and Lessons Learned ɀ Tom Ballestero (UNH 
Coastal Habitats and Restoration Team)  

Resolving Salt Marsh Ownership in Hampton 
Seabrook Estuary ɀ Aidan Barry (NHDES) and Rob 
Pruyne (Rockingham Planning Commission)  

Designing Resilience: Nature -based Climate 
Solutions in New England ɀ Jennifer Martel, Amy 
Bell Segal, and Beth Kirmmse (American Society of 
Landscape Architects) 



The Wagon Hill Farm Living Shoreline: How we got 
there and what we learned

Tom Ballestero, Civil & Environmental Engineering
David Burdick, Jackson Estuarine Lab
University of New Hampshire

University of New 
Hampshire

CHaRT
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People
ÅCHaRT
ÅTom Ballestero
ÅDave Burdick
ÅGregg Moore

ÅNHDES
ÅKirsten Howard
ÅKevin Lucey
ÅMindy Bubier
ÅLori Sommer
ÅDave Price

ÅUNH
ÅCat Ashcroft
ÅTrevor Mattera
ÅGrant McKown

3

ÅTown of Durham
ÅMike Lynch

ÅRachel Gasowski

ÅGreg Moore

ÅTodd Selig

ÅEllen Snyder

ÅStrafford Regional Planning Commission
ÅKyle Pimental

ÅStreamworks
ÅJoel Ballestero



Change from 1992 to 2015
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Recognition of the Problem

ÅShoreline erosion required moving a fence twice:  approximately 25 feet 
inland over a 30 year period

ÅTown reached out to NHDES, both then reached out to UNH

ÅFirst efforts of monitoring aimed at documenting causes

ÅMeetings then scheduled monthly over 3 years (Jan 2016 ς Dec 2019)

5Fence moved 2002



Ranges of Options

Guidance for Considering Use of Living Shorelines, NOAA 2015
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Shoreline Solution Genesis

ÅDec 2016 Options (for MHW today and MHW at mid century)
Å.ǳƛƭŘ ƻǳǘ ǎƘƻǊŜƭƛƴŜ ǘƻ мфуф ƭƛƳƛǘΦ  wƻŎƪ {ƛƭƭ ŀǘ ǿŀǘŜǊΩǎ ŜŘƎŜΦ  /ƻƛǊ ƭƻƎǎ ŀǘ ƎǊŀŘŜ 

change

Å.ǳƛƭŘ ƻǳǘ ǎƘƻǊŜƭƛƴŜ ǘƻ мфуф ƭƛƳƛǘΦ  wƻŎƪ {ƛƭƭ ŀǘ ǿŀǘŜǊΩǎ ŜŘƎŜΦ  /ƻƛǊ ƭƻƎǎ ŀƴŘ ǊƻŎƪ 
at grade change

Å.ǳƛƭŘ ƻǳǘ ǎƘƻǊŜƭƛƴŜ ǘƻ мфуф ƭƛƳƛǘΦ  wƻŎƪ {ƛƭƭ ǿƛǘƘ Ǌƻƻǘ ǿŀŘǎ ŀǘ ǿŀǘŜǊΩǎ ŜŘƎŜΦ  
Coir logs and rock at grade change
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First Concept ς Dec 2016:  Rock Sill, coir log at grade change
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Dec 2016 Alternative 1 ς Rock sill, Coir Logs/rock at grade change
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Dec 2016 Alternative 2 ς Rock Sill with Root Wads, Coir Logs/rock at grade change
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Dec 2016 
Alternative 3 ς 
Wood Crib Sill, 

Coir Logs/rock at 
grade change



Dec 2016 Alternative 4 ς Vented Sill, Coir Logs/rock at grade change
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Jan 2017 The 
plan view.  
Cusps with 
extended 

center (pier).  
Coir and rock 

sills
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Feb 2017 plan 
view.  Cusps with 
extended center 
and submerged 

rock breakwaters
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Apr 2017 plan 
view.  Cusps 

and submerged 
log 

breakwaters
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Jun 2017 plan 
view.  

Everything but 
the kitchen sink
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May 2018 plan 
view.  Rock sill 

with root wads.  
Coir log at 

grade change
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/ƻƴǎǘǊǳŎǘŜŘ ƛƴ нлмфΧ²Ƙŀǘ ²ŀǎ [ŜŀǊƴŜŘΚ
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Thoughts on the Process

ÅExpertise of team
Designs and execution of living shorelines can be done by individuals, but expertise from 
biological and ecological science is well complemented by physical scientists and 
engineers and vice-versa.

ÅPublic-Client-Agency engagement
All parties need to be included at the start and provide their input. This process can 
require substantial time and effort and needs to be included in the entire project 
process.

ÅProject timeline
Be prepared for a lengthy planning phase, and leave extra time for planning, permitting, 
and construction. Do not rely on a tight schedule happening as planned. 

ÅUnderstand all project components
Know or investigate all the steps necessary to achieve the final product. Know all the data 
to collect (local tidal datums, tidal timing relative to a reference, seasonal salinity, 
topography, permitting components (like shoreland tree scoring), design details, and 
much, much more. Understand the steps and collect as much data as possible.
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Thoughts on the Design

ÅDetermine cause(s) for impairments
Spend time initially to identify all the causes for impairments seen ς whether location-
specific or site-wide ς and plan to address all of them. One source of instability can 
ǳƴŘŜǊƳƛƴŜ ǘƘŜ ǇǊƻƧŜŎǘ ƻǾŜǊŀƭƭΦ !ƴǘƛŎƛǇŀǘŜ ΨōƭŀŎƪ ǎǿŀƴǎΦΩ

ÅYou cannot overthink upland (uphill) stormwater runoff
The more land uphill from your site, the more you need to design for runoff.  Runoff can 
easily lead to rilling or even gullying.  It is best to divert the water away from the entire 
living shoreline site and use existing drainageways.  If existing drainageways do not exist, 
you will need to create one and most likely armor it.

ÅUnderstanding wrack and how it may collect at the restored site. How does it collect now 
and on nearby marshes?

ÅSlope stability
The new marsh sediment is essentially sand.  As such, it will liquify between every high 
tide event prior to plant roots holding it in place.  Therefore, the sill must be able to 
prevent a slope failure from the liquified material.
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Thoughts on the Design

ÅCoir logs
The coir logs are brittle, especially the larger the diameter, and are vulnerable to trampling.  They 
are best used parallel to the shoreline to:  break slope, change vegetation type, and/or use for 
inspection.  Plants easily colonized the coir log within 2 years.  After 3 years, they were very 
weathered.  They should be embedded at least half their diameter along with staking. Use 
materials that are plastic-free.

ÅLiving shoreline approach
Survey the area of interest and look for natural models where physical and biological systems are 
working together to produce a stable shoreline.  Replicating these models may provide the best 
solution to shoreline erosion problems.

ÅSod versus bare root stock versus plugs
Sod is a great concept, but growers may not yet have enough experience to produce healthy 
plants.  The salt marsh grasses can be grown in fresh water, but at least 6 weeks before planting, 
should be slowly brought to the expected salinity at the site.  Plugs are more easily popped out of 
the sediments by herbivores (Canada geese) or ice in winter than other planting techniques. We 
have also seen geese and ducks dabbling to liquify the sand substratum and pull out both plugs 
and bare root stock.

21



Thoughts on the Design

ÅThe Edge
The seaward edge needs to survive long after construction.  Coir logs will only last 3 
years and therefore plants must take over by then.  Salt marsh plants develop erosion-
resistant peat after 15-20 years, so edges will still need protection on higher energy 
shorelines. Plan for coir replacement or rely on longer-lasting materials. Rock should be 
sized to remain in the face of extreme tide, wave, velocity and ice action.  Rock can be 
colonized by beneficial algae to create habitat.  The edge elevation should extend 
vertically to at least 0.3 ft higher than the marsh elevation immediately behind it.

ÅCoir versus geosynthetic versus graded filter
Between the sill and the new marsh sediments, a rock sill will require a filter to prevent 
the finer marsh sediments from moving through the sill to the water.  Coir netting works 
well but only survives for a few years.  Plant roots are insufficient to hold the marsh-edge 
sediments after 3 years; gaps will initiate and grow without a filter between the sill and 
new marsh sediments.  Geosynthetics are commonly used between different size 
materials such as at the marsh edge, however they invariably are made of plastics.  In 
lieu of geosynthetics or coir products, a graded filter should provide particle stability at 
the marsh edge.
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Thoughts on Construction

ÅConstruction
Understand the nature of constructing in a tidal system will be much 
more difficult than dry land. Tides make construction windows much 
shorter, even rendering some work days impassable within the tidal 
range. Plan for these events by having alternate efforts to do 
(constructing upland fence, replenishing stockpiles, planting 
constructed lands, etc.). Understand the limitations of working near 
shorelines ς limited working space, minimal access, public access, etc.
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Thoughts on Inspection and Maintenance

ÅInspection and adaptive management
Frequent monitoring during construction, post-construction (short term) and 
post-construction (long term) is imperative.  Construction inspection is necessary 
to ensure that the site is built as designed, or more importantly, to address design 
changes due to conditions only evident during construction.  Short term post-
construction inspection is primarily to assess plant growth (or lack thereof) and 
that the system is meeting design objectives.  Wrack, drainage, traffic, invasive 
species, and nuisance species can each create significant consequences if not 
addressed as soon as identified.

ÅMaintenance
Have a dedicated entity that is responsible for maintaining the project long-term. 
There can be many (anticipated or not) issues that arise in the years following 
construction, so have stated objectives for the project and a thorough 
maintenance plan.
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Thoughts on Inspection and Maintenance

ÅProtection from people
Keeping people and pets out of the marsh improves its survivability.  The 
fence was the most important facet of the WHF project.
ÅProtection from herbivory (a critical issue at Cutts Cove)

Geese and ducks can quickly destroy plants, especially where sites were 
planted with bare root stock and a group of animals has learned how to 
exhume the nutritious rhizomes by dabbling.  They are challenging to 
control but can be kept out using snow fencing.  Strings stretched across 
the marsh and decorated with reflective materials was not an effective 
technique to deter hungry animals. Similarly, the lowly common periwinkle 
(an invasive exotic species from Europe) can obliterate salt marsh plants 
along shorelines where waves of thousands of animals move shoreward. 
Low fencing can block the waves of snails, but maintenance removal of 
snails within planted areas is important until plants proliferate to full cover.  
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Before After
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Final Design

28



Synthesis of erosion pin data (red erosion rates >100 mm/yr; yellow: 50 ς 100
mm/yr; green: 10 ς 50 mm/yr; and blue: <10 mm/yr.
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Control

Not Limbed



Potential Causes of Erosion 

Å Waves

Å Increased foot /pet traffic

Å Decreased light    

Å Increased Sea Level  

Å Ice Damage     

Å Plant disease or herbivory

Å Lack of Sediment supply

Å Eroded shoreline promotes 
 erosion cycle

Å Stormwater

Data Collection 
[to eliminate potential 
causes and inform design]
ÅHigh intensity water levels

ÅWildlife cameras

ÅLight meters

ÅWater level recorders

ÅWildlife cameras

ÅObservations

ÅTrial structure

ÅErosion pins
32

WHF Data Collection
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