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Change from 1992 to 2015
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Recognition of the Problem

AShoreline erosion required moving a fence twice: approximately 25 fee
Inland over a 30 year period

ATown reached out to NHDES, both then reached out to UNH
AFirst efforts of monitoring aimed at documenting causes

AMeetings then scheduled monthly over 3 years (Jan 20Déc 2019)

Fence moved 2002



Ranges of Options

Shorelines

SILLS -
structure Parallel to
etoeof vegetated

shoreline, reduces
wave energy, and
prevents erosion.
Suitable for most
areas except high
wave energy
environments.

l'__ -

BREAKWATER -
(vegetation
optional) - Offshore
structures intended
to break waves, |
reducing the force  waves. Sui
of wave action,and sites with ¢ |
encourage sediment hardened shorel
accretion. Suitable  structures.
for most areas.

Guidance for Considering Use of Living Shorelines, NOAA 2015



Shoreline Solution Genesis

ADec 2016 Options (for MHW today and MHW at mid century)
A.dZAf R 2dzi aK2NBfAYS (2 mMdhyd fAYALD
change
A.dZAf R 2dz0 aK2NBfAYS (G2 mMpyd fAYALOD
at grade change

A.dZAf R 2dzi aK2NBfAYS 02 Mdpyd fAYAIOD
Coir logs and rock at grade change



First Concept Dec 2016: Rock Sill, coir log at grade change

PLANT AND SEED NEW MARSH
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Dec 2016 Alternative ¢Rock sill, Coir Logs/rock at grade chang

STAKED OPEN-MESH

COIR MATTING
BACKFILL WITH SPECIFIED MARSH SOIL
MARSH SILL: 100-200Ib PARTICLE SIZE DISTRIBUTION; PLANT AND NO COIR MATTING, TOP OF EXISTING BANK
STOMES WITH FOOTERS SEED ALL DISTURBED AREAS ACCORDING PLANT AND SEED ONLY -

TO PLANTING PLAN AS SPECIFIED
BURIED 12" DIAMETER " ABAe
ColE LoG. ROLL SIL /TUP OF PROPOSED BAN

PLAN VIEW




Dec 2016 Alternative @Rock Sill with Root Wads, Coir Logs/rock at grade ch

STAKED OPEN-MESH

COIR MATTING
BACKFILL WITH SPECIFIED MARSH SOIL
MARSH SILL: 100-200Ib PARTICLE SIZE DISTRIBUTION; PLANT AND NO COIR MATTING, TOP OF EXISTING BANK
STOMES WITH FOOTERS SEED ALL DISTURBED AREAS ACCORDING PLANT AND SEED ONLY -

TO PLANTING PLAN AS SPECIFIED
BURIED 12" DIAMETER " ABAe
ColE LoG. ROLL SIL /TUP OF PROPOSED BAN

PLAN VIEW




SECURE COIR LOGGING AND MATTING
USING WOODEN STAKES OR OTHER
METHODS (DUCKEILL AMCHOR, ROPE. ETC.)

16" TALL COIR MATTING
12" DIAMETER COIR LOG RCLL\

12" DISMETER COIR LOG ROLL

18" TALL COIR MATTING

: MOTE; THE STRUCTURE WILL BE PLACED
J— J i 1 o SEAWARD OF ANY EXISTING MARSH, IN
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Alternative 3g
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Dec 2016 Alternative dVented Sill, Coir Logs/rock at grade change

Offset or Staggered Vented Sill

S. patens




Jan 2017 The
plan view.
Cusps with

extended
center (pier).
Coir and rock
sills

EXISTING MARDH U BE
FRONTED BY END SILL;
WRAP SILL AROUND SIDE

LARGE, EXISTING STONE
TO BE TIED-=IN TO

EXISTING TIDAL MARSH AREA
TO BE USED AS REFERENCE
LINE FOR PROPOSED OFFSETS
AND EXAMPLE OF HOW TO
CONSTRUCT TIDAL MARSH
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INTERMEDIATE BURIED COIR
LOG TO HELP HOLD GRADE

STAKED COIR LOG ROLL

TO KEEFP EDGE OF TIDAL PROPOSED STONE 'PIER’ TO

MARSH ZONE IN PLACE HELP CREATE CUSPATE AREAS f T

AND PROMOTE GRCWTH / -
PROPOSED TIDAL MARSH ZONE

TO BE ADDED BY CONSTRUCTION;
LANDWARD ELEVATION AT MHHW
SEAWARD ELEVATION AT MLHW 13



LARGE, EXISTING STONE CAIDIING WMARDM 1Y DL
T0 BE TIED=IN TO FRONTED BY END SILL; —

WRAP SILL ARQUND SIDE

EXISTING TIDAL MARSH AREA
TO BE USED AS REFERENCE
,— LINE FOR PROPOSED OFFSETS
AND EXAMPLE OF HOW TO
CONSTRUCT TIDAL MARSH
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rock breakwaters

-\ — _ROCKS AND BOULDERS
TO KEEP EDGE OF TIDAL
__ MARSH ZONE IN PLACE

AND PROMOTE GROWTH
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SECTIONS \__ LOG CRIBBING; \_ INTERMEDIATE BURIED COIR
SEE DETAIL LOG TO HELP HOLD GRADE
STAKED COR LOG ROLL
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LOCKED LOGS AND ROOT PROPOSED TIDAL MARSH ZONE
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. TO BE ADDED BY CONSTRUCTION;
LANDWARD ELEVATION AT MHHW
SEAWARD ELEVATION AT MLHW

STAGGERED ROCK MOUNDS  /
TO HELP BREAK UP WAVES
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HABITAT BOULDERS PLACED AT
RANDOM ON TIDAL MARSH ZONE

LARGE, EXISTING STONE FRONTED BY END SILL;
TO BE TIED—IN TO WRAP SILL AROUND SIDE
ABUTTING EXISTING MARSH

EXTEND FENCE TO _
MINIMIZE MARSH ACCESS
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Apr 2017 plan
view. Cusps
and submerged

log
breakwaters
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STAGGERED BREAKWATERS TO BE MADE OF 20" LONG
SHIPLAPPED TREES/LOGS ANCHORED TOGETHER
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Jun 2017 plan
View.
Everything but
the kitchen sink
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Thoughts on the Process

A Expertise of team o | o |
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 vicegersa.

A PublicClientAgency engagement | o |
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.

A Project timeline | | | o
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.

A Understand 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 scorln%P, design details, and
much, much more. Understand the steps and collect as much data as possible.



Thoughts on the Design

A Determine c_ausefs) for impairments _ _ _
Spend time initially to identify all the causes for impairments sermether location
spectific.or sitewide,g and &Ian to address all_of them. Opne source of instability can .
dzy RSNXYAYS UKS LINSSOuU Z2OSNIXttd ! yUAOALI G

A You 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 t_mllmglor 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.

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

A Slope stability | | | o |
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 liquitied material.



Thoughts on the Design

A Coir 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 plastiree.

A Living 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.

A Sod 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.



Thoughts on the Design

A The 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 120 years, so edges will still need protection on higher energy
shorelines. Plan for coir replacement or rely on lon@sting 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.

A Coir 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 realge
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.



Thoughts o

AConstruction

n Construction

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 up

and fence, replenishing stockpiles, planting

constructed lanc

s, etc.). Understand the limitations of working near

shorelinesg limited working space, minimal access, public access, etc.



Thoughts on Inspection and Maintenance

Alnspection and adaptive management
Frequent monitoring during construction, pespbnstruction (short term) and
postconstruction (long term) is |mperat|ve 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 S|gn|f|cant consequences if not

addressed as soon as identified.

AMaintenance
Have a dedicated entity that is responsible for maintaining the project-teny.
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.



Thoughts on Inspection and Maintenance

AProtection from people | | o
Keeping people and pets out of the marsh improves its survivability. The
fence was the most important facet of the WHF project.

AProtection 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
alon? 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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Final Design
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Synthesis of erosion pin data (red erosion rates >100 ynnyellow: S0¢ 100
mm/yr, green: 105 50 mmAr; and blue: <10 mm/yr.
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tidal displacment: ~8 ft, boat wake height max: ~0.4 ft, ambient wave height: ~0.05 ft, seiche height: ~0.1 ft

Wagon Hill Farm wave analysis, Aug. 28 - Sept. 4 2016
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Light Reaching Marsh Surface Before and After Limbing
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WHF Data Collection

Potential Causes of Erosion DataCollection

[to eliminate potential
ncreased foot /pet traffic causes and inform design]
Decreased light A High intensity water levels
ncreased Sea Level A Wildlife cameras

ce Damage A Light meters

Plant disease or herbivory A \Water level recorders

_ack of Sediment supply & wildlife cameras

Eroded shoreline promotesA Observations
erosion cycle

Stormwater
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A Trial structure
A Erosion pins
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Salt Marsh Ownership in the
Hampton Seabrook Estuary
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