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IMPROVING MARSH
RESTORATION

Abstract:

Tidal wetlands are a prominent feature of New Jersey’s coasts, providing many ecosystem services,
including water filtration, habitat for commercially and recreationally important animals, and carbon
sequestration. Increasing rates of sea-level rise threaten the existence of tidal wetlands in New Jersey, and
land managers are actively developing techniques to enhance resilience. This study aimed to address two
emerging needs to support marsh resilience: 1) an evaluation of the effects of the beneficial use of dredged
material to increase marsh elevation and 2) the development of a systematic approach to evaluating marsh

condition.

1. This project extended the monitoring of three pilot marsh enhancement projects where dredged
material was beneficially used to increase salt marsh elevation. These three projects were
implemented on State-owned public lands in coastal areas of southern New Jersey from 2014 to
2016, with funding from the National Fish and Wildlife Foundation through the Hurricane Sandy
Coastal Resiliency Competitive Grant Program (Grant #43095). To-date, several publications and
reports have been produced, and this report presents findings and lessons learned from

implementation and monitoring from 2014 to 2021.

2. The Site-Specific Salt Marsh Decision Support Tool (now called WATCH — Wetlands Assessment
Tool for Condition & Health) was developed by the Partnership for the Delaware Estuary as an
evidence-based method to evaluate the condition and trajectory of a tidal wetland site and gain a
holistic understanding of site-specific salt marsh condition to inform decision-making. WATCH was
developed with two objectives: 1) to create a systematic approach to evaluate functional attributes
against user-provided criteria (e.g., excessive erosion, elevation deficits, hydrological impairment)
for the identification of site-specific deficiencies and 2) to align the WATCH with common regulatory
concerns to assist practitioners in providing a thorough and contextualized explanation of the
current and projected conditions to a variety of resource agencies (e.g., Army Corps of Engineers,
National Marine Fisheries Service, U. S. Fish and Wildlife Service, and the State of New Jersey).
WATCH is now available for use and several trainings have been held. PDE WATCH Tool (rutgers.edu)



https://njrestors.rutgers.edu/pde-watch/

Report Organization:
This report is divided into two major sections. The first section includes the reports produced on the
salt marsh enhancement projects, and the second is the final report on the Site-Specific Salt Marsh Decision
Support Tool (WATCH) from the Partnership for The Delaware Estuary. Each section can be read

independently, and a project-wide summary and conclusion is provided at the end of this report.
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Overview of Need

The three pilot marsh enhancement projects monitored during this effort were among the first of
their kind in New Jersey. Dredged material placement methods, as well as the types and thicknesses of the
placed dredged material, varied among the three projects. At the commencement of this award, the
enhanced marsh sites had been monitored for two to three years as part of a National Fish and Wildlife
Foundation Grant?. Each project had documented increases in elevation but were in varying states of plant
and animal community recovery. Continued monitoring was necessary to evaluate the effectiveness of the
dredged material placement techniques and to track the post-placement marsh recovery and enhancement
process. Monitoring was also continued at nearby control areas for comparison to the marsh enhancement
areas and follows a Before-After-Control-Impact (BACI) approach. The metrics monitored include plant
communities, benthic infauna, sediment characteristics, habitat changes, elevation, hydroperiod, water
chemistry, and sediment accretion/subsidence. The monitoring goal was to assess the long-term benefits and
effects of beneficially using dredged material for marsh enhancement purposes. This information is needed

to inform future beneficial use of dredged material projects to enhance marsh habitats in the region.

Prior to this project, the tools and data products that existed to help restoration practitioners identify and
prioritize potential sites typically relied on the use of a singular metric or the use of large, temporally- or
spatially coarse data. Therefore, these tools and products were not designed for site diagnosis. The site-
specific assessment methods, like Mid-TRAM, are multi-metric assessment methods, but were not designed
for identifying restoration sites. Without a site-specific diagnostic tool that compiled multiple indicators of
tidal wetland function and condition, there was often disagreement about marsh platform condition and,

ultimately, evidence regarding intervention need.

Project Overview

Task A. Marsh Enhancment Project Evaluation
Objective: Continue monitoring (2018 - 2022) recently implemented marsh enhancement pilot projects at

Ring Island (Middle Township), Avalon, and Fortescue in New Jersey.

Approach: Extended monitoring of key ecological metrics from the original NFWF/DOI grant. The data were
collected using methods consistent with the monitoring protocols and Quality Assurance Project Plan used

during implementation of the NFWF/DOI grant.

Monitoring occurred at all three marsh enhancement sites. Data were collected from both marsh
enhancement and nearby control areas following the BACI approach so comparisons of ecological health

could be made between the placement and control areas overtime. Not all metrics were monitored annually.

1 #43095 DOI/NFWEF - Reusing Dredge Material to Restore Salt Marshes and Protect Communities
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Responsibilities and Deliverables: The New Jersey Division of Science and Research 1) oversaw monitoring
and subcontractors, 2) conducted some of the research, and 3) developed a technical monitoring report and
updated the NFWF/DOI “Lessons Learned” document (Section 1, Task 3).

Task B. Improving Decision-Making Processes For Wetland
Restoration

Objective: To improve NJDEP wetland policies and regulations so that our coastal wetlands are healthy and

resilient by increasing our understanding of beneficial marsh and shoreline restoration techniques.

Approach: A key aspect of identifying appropriate restoration techniques is a correct diagnosis of the
underlying drivers of ecologic deficiency. This project developed a holistic salt marsh diagnosis framework
that can be sued to evaluate the states and trajectories of salt marsh health before interventions. A report
was generated by the subcontractor that identifies and evaluates previously developed independent and
science-based assessment methods and efforts as well as gaps and needs and develops a novel site
evaluation tool. Interviews and model evaluation were conducted to identify needs from other regions which
can be used to derive policy recommendations. Additionally, an integrated cross-walk between decision tool
metrics and regulatory implementation requirements a) allows regulatory agents to better understand the
outcomes of site-evaluations, b) guides the user in site assessment in a manner appropriate under current
regulations, and c) provides feedback on current regulations that may inhibit appropriate resilience efforts to
NJDEP’s Land Use Management Program and the NJ Division of Fish and Wildlife

Responsibilities and Deliverables: The NJDEP Office of Coastal and Land Use Planning oversaw a

subcontractor to complete the report and the framework for a draft decision tool.

Section 1: Marsh Enhancment Project Evaluation

Activity Overview

The following tasks reports were completed between 2018 and 2022.

Task 1. Monitoring

The table below provides an overview of the monitoring activities completed during the grant.



Table 1 Monitoring conducted on the marsh enhancement projects between 2014 and 2022.

Conducted
Funded by | with funding
Initial NFWF Grant WPDG from USFWS | Funded by WPDG

2014 | 2015 2016 | 2017 | 2018 | 2019 | 2018 | 2019 | 2020 | 2021 | 2022
Plant
Community X X X X X X
Benthic
Invertebrate X X X X X
Species
Avian Use X X X X X
Habitat Change
Analyses
Site Visits X X X X
Surface
Elevation X X X X X X X
Tables
Topographic
Surveys X X X X X
Sediment
Characteristics X X X X X X
Hydrological
and X X X X
Topographic
Evaluation

Task 2. Monitoring Report

A monitoring report summarizing the key findings for each of the metrics in Table 1 was completed in 2022.
Monitoring results have been presented at many local and national meetings during the grant. The report will

be posted on the NJDEP DSR website after EPA approval and is included as Appendix A.

Task 3. Updated “Lessons Learned” Report

The report on early lessons learned from implementation of the marsh enhancement projects was updated,
approved by partners, and widely distributed and presented. This is a link to the final report: Beneficial Use of
Dredged Material to Enhance Salt Marsh Habitat in New Jersey : Project Summary and Lessons Learned
(https://dspace.njstatelib.org/handle/10929/97940). It is also included as Appendix B.



https://dspace.njstatelib.org/handle/10929/97940
https://dspace.njstatelib.org/handle/10929/97940
https://dspace.njstatelib.org/handle/10929/97940

Section 2: Improving Decision-Making Processes For
Wetland Restoration

Activity Overview
The Site-Specific Salt Marsh Decision Support Tool version 1.0, now WATCH, was completed in March of 2020
by the Partnership for the Delaware Estuary (PDE). The following tasks were completed during the grant:

Task 1. Literature Review:
a. PDE conducted the following survey and interviews as well as a primary literature review to collect

information regarding the current processes of data collection occurring locally and nationally by
practitioners and regulatory agents:

a. Local Practitioner Survey

b. Regulatory Agent Interviews

c. National Practitioner Interviews

d. Primary Literature Review

b. Review of secondary literature

Task 2. Synthesis of Literature

a. Identified six major categories of metrics of known value in current local use that interactively
influence salt marsh function.

b. Compiled commonly used methods
Conceptual model development

d. Tool development

Task 3. Workshops

a. Special session at the 2019 PDE Science and Environmental Summit
b. Tool presented to 31 practitioners spanning the public, private, and academic sectors On July 9,
2019, a workshop was held to introduce the decision tool and to solicit feedback

c. Tool was renamed WATCH and became publicly available: WATCH Tool

The final report on the tool can be found in Appendix C.


https://delawareestuary.org/science-and-research/tools/watch-tool/

Project-Wide Summary and Conclusions

Tidal marshes are an integral part of New Jersey’s estuaries. They form a charismatic green band that cleans
water; sequesters carbon; provides critical habitat and food sources for fish, shellfish, and birds; and buffers
coastal communities from storms, erosion, and flooding (Mitsch and Gosselink 2007, Narayan et al. 2017).
However, the continued existence of many tidal wetlands is threatened by sea-level rise. To maintain
healthy salt marsh vegetation, marshes must accrete sediment and plant matter to gain elevation at a rate
that keeps pace with sea-level rise and subsidence (Nyman et al. 2006, Mitsch and Gosselink 2007, Cahoon et
al. 2009, Kirwan and Megonigal 2013). Some salt marshes are stressed and literally “drowning” because they
cannot gain surface elevation at a rate that keeps pace with accelerating sea-level rise (Hartig et al. 2002,
Ganju et al. 2017, Watson et al. 2017).

Salt marsh restoration and resilience projects are being pursued to maintain salt marsh function in the face of
stressors, but the complexities of identifying the correct tactics for each site can be daunting. This project
compiled lessons learned and monitoring results from three pilot marsh enhacnemnte projects and
developed a tool to standardize the way restoration practitioners assess functional deficiencies at the site
scale.

The reports developed or refined through this grant highlight the need to use detailed field date in a science
based framework for identifying restoration goals and designing projects. Projects need to be coordinated at
multiple levels and throughout all phases of project development, implementation, and monitoring. An
adaptive management approach is required throughout the lifecycle of the project to ensure goals can still be
met when conditions change.

The monitoring completed at the pilot projects suggests a dredged sediment slurry can be pumped over large
areas of salt marsh and generally reach target elevations, but a high level of variability in thickness and
elevation is to be expected without the use of grading equipment or new technology. We found that when
sediment of any thickness is placed on an existing vegetated marsh, plants and benthic infauna died. The
thickness of the sediment was less important than the final elevation’s effect on flooding in the rate of plant
regrowth and there were tradeoffs between the rate of vegetation regrowth and elevation gain. It is
hypothesized that changes in animal species are a result of changes in the habitat. Bare areas with little
organic matter in the soil are not hospitable to typical marsh birds and benthic infauna. They instead drew
fiddler crabs, shorebirds, and opportunistic benthic infauna that had a higher tolerance for disturbed sites.

There are inherent challenges in targeting high marsh elevations in beneficial use of dredged material
projects. The range of elevations that fall into the high marsh tidal datums (approximately 0.5 feet) is much
smaller than the range of elevations that fall into the low marsh tidal datums (generally 2-3 feet in marshes in
SE New Jersey), creating some inherent challenges for using thin-layer placement techniques to reach high

marsh elevations because the room for error is much smaller.

The Site-Based Salt Marsh Decision Tool (WATCH) filled a major gap for tidal wetland restoration
practitioners. It standardizes the integration and interpretation of site-specific data, collected using
scientifically defensible methods, via evidence-based evaluation of whether a variety of salt marsh attributes

exhibit, or are forecasted to exhibit, signs of deficiency. There are two intended audiences: those planning
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restoration projects (e.g., restoration practitioners, municipalities) and those evaluating the merits of

proposed projects (e.g., regulatory agents, funding agencies).

Restoration Project Planning: For those planning restoration projects, this tool will guide the user in
considering the primary attributes influencing salt marsh function, and identifying qualities that are likely
either currently deficient, on a negative trajectory, or both. The output of this tool will inform the user
whether there is enough evidence to further consider an intervention project, and discuss this potential with
landowners, funding agencies, and regulatory agents. Additionally, it will facilitate the gathering and
documentation of pertinent regulatory information (e.g., endangered species, critical habitat) prior to

regulatory conversations and/or application submission.

Proposed Project Evaluation: For those evaluating proposed projects, this tool will summarize the data-based
findings of site evaluation and present them alongside justifications for all data selection/collection activities

and decisions.

Future Work

The salt marsh enhancement projects are being incorporated into the Mid-Atlantic Coastal Wetland
Assessment and the New Jersey Tidal Wetlands Monitoring Network. NJDEP and partners will continue to
monitor both control and placement sites to see how they change overtime. There is a still a lot that can be
learned from the sites. We plan to continue to collect drone imagery to track vegetation recovery and

measure elevation change and accretion relative to sea-level rise.

The WATCH Tool 2.0 was recently completed in 2022. An interactive online version of the tool was developed
that includes the addition of a sediment metric. Future plans for the Tool include housing it with other tidal
wetland restoration tools on a Rutgers University website and adding an interactive map to help the user find

appropriate reference data.
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Abstract:

This report summarizes monitoring conducted at three pilot beneficial use of dredged material to
enhance salt marsh projects in New Jersey. Constructed between August 2014 and April 2017, these
projects tested sediment addition techniques that included thin-layer placement (TLP) of dredged
material on the platform of vegetated, stressed marshes (Ring Island, Avalon, and Fortescue) and the
filling of degraded and expanding pool-panne complexes with dredged material on the surrounding
stressed marsh platform (Avalon). The objectives for the three marsh pilot projects were (1) to increase
and maintain the optimal tidal elevation (hydroperiod) for native salt marsh species, (2) to increase the
cover and health of native salt marsh vegetation, and (3) to return all other metrics to baseline (i.e., pre-
implementation) conditions (unless they were expected to change due to habitat conversion).
Topographic surveys indicated that 1) on average sites reached target elevations, but the placement was
uneven, 2) all sites initially gained elevation, but it was challenging to measure small elevation changes,
3) the higher the final elevation, the slower vegetation grew back, and 4) sites gained resilience against
10- to 27-years’ worth of sea-level rise. As of 2021, none of the salt marsh sites had increased plant
cover from baseline conditions or established the targeted Spartina patens habitat. However, several
sites matched control site conditions, and much was learned about how to increase the rate of plant
recovery. Soil makeup, benthic infauna communities, and epifaunal macroinvertebrates did not return
to baseline conditions by 2021, but water chemistry returned to control conditions. Nekton and avian
use were variable and results were dependent on changes to vegetation and elevation. These findings
suggest that both thin- and thick-layers of sediment addition to existing tidal marshes led to large initial
changes in the habitat, from which the ecosystems rebounded/are rebounding at different rates.
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Executive Summary

Due to the growing evidence that tidal wetlands of the Northeast United States are not keeping pace
with sea-level rise (Cahoon 2015, Haaf et al. 2022, Hartig et al. 2002, MERI 2015, US EPA 2019), there is
an effort to find mechanisms to enhance their resilience and prolong their existence. This report
summarizes the monitoring conducted at three pilot resilience projects in New Jersey where sediments
taken from channel beds as part of navigational dredging projects were pumped onto the marsh to
increase the salt marshes’ elevations. The objectives for the three marsh pilot projects were (1) to
increase and maintain the optimal tidal elevation (hydroperiod) for native salt marsh species, (2) to
increase the cover and health of native salt marsh vegetation, and (3) to return all other metrics to
baseline (i.e., pre-implementation) conditions (unless they were expected to change due to habitat
conversion).

Monitoring was conducted at the salt marsh enhancement projects between 2014 and 2020. Where
possible, monitoring followed a Before-After-Control-Impact (BACI) design. Metrics were selected to see
how closely the projects were built as designed to determine whether the project objectives listed
above were met and to inform adaptive management. More than 50 metrics were collected by nine
organizations over seven years in three sites and associated control sites. Using these data and
associated reports, we can answer the following questions:

1. Were projects built as designed?

All marsh enhancement sites were smaller than planned, especially Fortescue. Ring Island was 0.89
acres of the targeted 1.0-1.4 acres. Avalon was 45 of the planned 51 acres, and Fortescue was 6.5 of the
targeted 23 acres. The reasons for this are discussed in the 2021 Beneficial Use of Dredged Material to
Enhance Salt Marsh Habitat in New Jersey: Project Summary and Lessons Learned report.!

The dredged material was generally placed at the Target Dredged Material Placement Elevations in
around 50% of each marsh enhancement site. The remainder of the sites was generally higher than
planned at Ring Island, lower than planned at Fortescue, and both above and below at Avalon. By 2019,
Avalon had a fairly even mix of areas that were above, below, and within the site’s Target Ecological
Elevations. Elevation gains at Fortescue were no longer measurably different from baseline conditions
by 2019 (both because the reported change was too small to be measured by a real-time kinematic
global positioning system (RTK-GPS) and because of questionable gains and losses in areas of the site
that did not receive sediment).

2. Did the projects gain elevation? If so, how much?

In 2019, Ring Island had maintained the initial elevation gain (a median increase of 0.55 feet), Avalon
had maintained some of the initial elevation gain (a median increase of 0.34 feet), and an elevation

1 https://hdl.handle.net/10929/97940
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change could no longer be reliably measured at Fortescue (a median measured increase of 0.2 feet).
3. How many extra years of elevation capital did the sites gain relative to sea-level rise?

The current short-term rate of sea-level rise in New Jersey is 6 mm/year (Haaf et al. 2016), which is
equivalent to 0.02 feet. Given the median elevation gains at the sites measured in 2019, Ring Island,
Avalon, and Fortescue gained 27.5, 16.5, and 10 years, respectively.

4. Were the elevations at optimal tidal elevations (hydroperiod) for native salt marsh species?

All projects stated the desire to increase marsh elevation to high marsh, targeting primarily Spartina
patens. Although Avalon and Fortescue had large areas in the target tidal elevation (between Mean High
Water (MHW) and Mean Higher High Water (MHHW) levels) for Spartina patens and the species was
planted at the sites, it did not become the dominant species.

At Ring Island, where elevation targets were not used, we saw that the addition of a median of 0.55 feet
of elevation moved the site from low marsh to above high marsh, which was perhaps too high. Raising
the elevation above MHHW may explain why the site has been slower than Fortescue and Avalon to
revegetate. At Avalon, three out of the five placement areas had Target Ecological Elevations above
MHHW, and anecdotal evidence from site visits has suggested that persistent bare areas tend to
correlate with the lowest or highest elevations. Fortescue targets were consistent with the upper end of
the high marsh range.

There are inherent challenges in targeting high marsh elevations. The range of elevations that fall into
the high marsh tidal datums (approximately 0.5 feet) is much smaller than the range of elevations that
fall into the low marsh tidal datums (generally 2-3 feet in marshes in SE New Jersey), creating some
inherent challenges for using TLP techniques to reach high marsh elevations because the room for error
is much smaller.

5. Was there an increase in the cover and health of native salt marsh vegetation?

The short answer is no, vegetation loss was widespread where sediment was placed at all three sites
and the vegetation cover not only did not surpass baseline conditions, but also was still below the
baseline six to seven years after construction. However, the sites quickly recovered native species
richness and maintained native salt marsh plant communities. In addition, plant cover in most control
sites dropped over time resulting in no significant difference in cover with placement sites.

6. Why did vegetation recover quickly in some areas and not in others?

The differences in recovery between the three sites can be attributed to a variety of potential factors,
including differences in how the projects were constructed and the environmental characteristics of the
sites. We found three main driving forces affecting revegetation rates: 1) for the first few years,
vegetation recovery was higher in areas with thinner placement; 2) vegetation was denser in areas near
existing vegetation, suggesting that higher edge-to-placement ratios may speed up the recovery rate;
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and 3) while final elevation is important in long-term plant recovery (as evidenced at Ring Island),
placement depth was not (as evidenced by vegetation growth in Avalon’s pool plots).

7. Did all other metrics return to baseline conditions?

Soil makeup, benthic infauna communities, and epifaunal macroinvertebrates had not returned to
baseline conditions.

o While control site soils were 90% silt and clay, placed sediments at Ring Island and Fortescue were
predominately sand. Placed sediments had much lower concentrations of total phosphorus, total
nitrogen, total sulfur, and organic matter than control sites.

e There was an immediate decline in the abundance of benthic infauna across all three sites. Ring
Island showed minimal recovery of any taxa four years post-placement and the abundance was
similar between placement and control sites at Avalon and Fortescue in 2019. The proportion of
benthic infauna taxa in the samples remained different in placement sites through 2019.

e The density of Melampus bidentatus (salt marsh snails) remained lower in Avalon and Fortescue
placement areas when compared with baseline and increased at Ring Island. There was no
measured change in Guekensia demissa (ribbed mussels), likely because of the small number of
plots where mussels were found. Uca sp. (fiddler crabs) burrows decreased at Fortescue and
increased at Avalon placement areas when compared with the baseline.

Water chemistry was generally similar in placement and control areas; however, surface water chemistry
monitoring documented periods of high pH and salinity in contained areas in the year following sediment
placement at Avalon. Tidal flushing was and important moderator of more extreme surface water
chemistry conditions. Ground water pH at Avalon slightly increased at placement sites from initial
measurements in 2017 to 2019. There was a larger range in groundwater pH and surface water salinity
measurements at Avalon placement sites than in control areas and water chemistry evolution was
documented as the site aged.

The placement of dredged material on the marsh surface initially made acute changes to the habitat
available to birds using each project site. Shorebirds increased with the creation of open, sparsely
vegetated areas, and marsh-dependent species decreased. Marsh species began to rebound as vegetation
recovered. Reproductive success at Ring Island was comparable to control areas in the marsh. The marsh
enhancement areas of Ring Island supported fewer species and fewer nests compared to the Elevated
Nesting Habitat and control areas, but the number of species nesting in these areas increased over the
five-year monitoring period.

Nekton was variable based on changes to vegetation and elevation. Decreased fish, decapod, and total
nekton density were observed in placement areas at Fortescue and Ring Island during the first and second
post-restoration years. This was expected because increasing elevation and removing pools were
expected to decrease nekton access and habitat.

Key takeaways:
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1. Adredged sediment slurry can be pumped over large areas of salt marsh and generally reach
target elevations, but a high level of variability in thickness and elevation is to be expected
without the use of grading equipment or new technology.

2. Even avery thin layer of sediment can kill existing marsh vegetation.

3. The thickness of the sediment is less important than the final elevation’s effect on flooding in
the rate of plant regrowth.

4. There are tradeoffs between the rate of vegetation regrowth and elevation gain.

5. Plants tend to regrow from the edges of placement, suggesting that a higher edge to the interior
area of placement ratio may increase the rate of revegetation.

6. Salicornia sp. (commonly called sea beans, glasswort, or pickleweed) were the first plants to
recolonize the placement areas but were subsequently replaced by Spartina alterniflora
(smooth cordgrass) and Distichlis spicata (saltgrass) as a result of planting and natural
recruitment.

7. ltis hypothesized that changes in animal species are a result of changes in the habitat. Bare
areas with little organic matter in the soil are not hospitable to typical marsh birds and benthic
infauna. They instead drew fiddler crabs, shorebirds, and opportunistic benthic infauna that had
a higher tolerance for disturbed sites.

Next Steps: The sediment addition and control sites will continue to be monitored as part of the New
Jersey Tidal Wetlands Monitoring Network and publications based on the monitoring are being
prepared for peer-reviewed publications.
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Glossary

The following terms have been defined according to how they have been specifically used in this
document and in the context of the marsh enhancement projects discussed herein. These definitions
may differ from those used by others for the same/similar terms.

Adaptive management—The process of continually, iteratively reviewing data and information to
develop, design, construct, monitor, and manage a project, in order to meet the project objectives.

Beneficial use of dredged material—The placement of dredged material to enhance, create, or restore a
variety of habitats, as opposed to the usual practice of disposing of it in a confined disposal facility or
other practices that remove sediment from the system.

Biological benchmarks—The optimum tidal elevation range of the plant species of interest. These
benchmarks are used (at least, in part) to design a habitat (e.g., marsh) enhancement and to establish
Target Ecological Elevations for enhancement projects.

Coastal resiliency—The ability of coastal communities and natural habitats to withstand and recover
from the impacts of storms, flooding, accelerating sea-level rise, and other natural hazards.

Dredging team—Personnel whose primary responsibility is to ensure the dredging success of the
projects.

Ecological resiliency—The ability of an ecosystem (e.g., a salt marsh) to resist, respond to, and recover
from a disturbance (e.g., an increase in the rate of sea-level rise).

Elevated Nesting Habitat (ENH)—Colonial shorebird nesting habitat created by placing sandy dredged
material in a mound on the marsh platform to increase the elevation of the land and create sparsely
vegetated sandy habitat. The ENH is high enough to protect the nests from flooding during high tides
and storms.

Enhancement—The improvement of a wetland’s ability to support natural aquatic life, through
substantial alterations to the soils, vegetation, and/or hydrology, as defined by New Jersey Regulations.
Also called “restoration” in other parts of the country.

Marsh team—Personnel whose primary responsibility is to ensure the ecological success of the projects.

Mean High Water (MHW)—The average of all the daily tidal high water heights observed over a period
of several years.

Mean Higher High Water (MHHW)—The average height of the highest tide recorded at a tide station
each day during the recording period.

11
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New Jersey Intracoastal Waterway (NJIWW)—A system of navigation channels maintained by the U.S.
Army Corps of Engineers that extends along the New Jersey Coast from the Atlantic Ocean at
Manasquan Inlet to Delaware Bay, about 3 miles north of Cape May Point.

Placement areas—Specific areas on the marsh selected for enhancement that received sediment
dredged from a nearby navigation channel or marina. Also called “marsh enhancement areas” or
“dredged material placement areas.”

Stressed marsh—Marshes in need of enhancement (not a regulatory term). Characteristics of stressed
marshes include eroded edges, expanded and degraded pools with undercut banks, sparse (low percent
cover) and stunted vegetation, mosquito ditches, fragmented high marsh vegetation, elevation deficits,
and minimal faunal usage of pools.

Target dredged material placement elevation—The initial elevation up to which dredged material is
placed on the habitat enhancement site (e.g., marsh plain). After placement, the material undergoes
predicted dewatering and consolidation of the dredged material, sinking from the target dredged
material placement elevation to achieve the Target Ecological Elevation.

Target Ecological Elevation—The elevation necessary to meet the specific habitat (e.g., marsh)
enhancement ecological objectives for a project. The Target Ecological Elevation is lower than the target
dredged material placement elevation and is based on biological benchmarks, desired hydrology, and
other conditions at the project site.

Thin-layer placement (TLP)—A wetland enhancement method in which dredged material (i.e.,
sediment) is intentionally placed on a wetland to increase its elevation, enhancing its resiliency while
maintaining the hydroperiod necessary for native wetland vegetation. The thickness of the material is
limited to enable the vegetation to grow back through the placed dredged material. Wetland
ecosystems are expected to recover more quickly after TLP than after thicker applications of dredged
material.?

2The U.S. Army Corps of Engineers defines TLP as “Purposeful placement of thin layers of sediment (e.g., dredged
material) in an environmentally acceptable manner to achieve a target elevation of thickness. Thin layer placement
projects may include efforts to support infrastructure and/or create, maintain, enhance, or restore ecological
function.” (Berkowitz et al., 2019)

12
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The funding provided by the NFWF grant (Grant #43095) and the EPA grant (Grant #96273100) allowed
the Project Team to develop a scope of work that incorporated a wide variety of monitoring and
assessment activities. As such, project assessment included (1) the development of a monitoring plan that
included flexibility for adaptive management monitoring, (2) data evaluation, (3) an analysis of key project
costs, and (4) an analysis of the project’s potential impact on community resilience. Most of the
monitoring activities were focused on the marsh enhancement portions of the project, as well as avian
responses to the creation of the elevated nesting habitat (ENH) on Ring Island. Protocols for these
activities can be found on the New Jersey Department of Environmental Protection’s Division of Science
and Research website3. Contact Metthea Yepsen at Metthea.Yepsen@dep.nj.gov to request access to
monitoring reports with detailed results and data.

The results presented in this report represent the responses of the marsh ecosystem between three to
seven years after the placement of dredged material. The marsh enhancement activities were inherently
disruptive and, thus, caused initial impacts on the ecosystem. This was expected, and continued
monitoring is needed to track the ecosystem’s trajectory and to determine if the success criteria of the
projects have been achieved.

Detailed project summaries can be found in The Nature Conservancy and New Jersey Department of
Environmental Protection (2020). Beneficial use of dredged material to Enhance Salt Marsh Habitat in New
Jersey: Project Summary and Lessons Learned on Project Development and Implementation.?

3 https://www.nj.gov/dep/dsr/wetlands/
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Summary of Projects

Between August 2014 and April 2017, enhancement pilot projects were constructed at two locations —
Ring Island and Avalon — in the Cape May Wetlands Wildlife Management Area and at a third location in
the Fortescue Wildlife Management Area in Fortescue (Cumberland County; Figure 1). The marsh
enhancement techniques included thin-layer placement (TLP) of dredged material on the platform of a
vegetated, stressed marsh (Ring Island, Avalon, and Fortescue) and the filling of degraded and expanding
pool-panne complexes with TLP on the surrounding stressed marsh platform (Avalon). Additional project
components included the creation of Elevated Nesting Habitat (ENH) for birds at Ring Island and dune
restoration and beach restoration projects at Fortescue. Table 1 shows a summary of the projects.

Wi Coanty

Hunterdon County Somerset County

hddllesex County,

Burlmgton County

Camden County

Gloucester County

Fortescue

Cape May Coupty

valon
ing Island 2 * :

Figure 1. Pilot beneficial use of dredged material projects were implemented
at three locations in Cape May and Cumberland Counties, New Jersey.
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Table 1. Summary of the pilot projects at Ring Island, Avalon, and Fortescue.

Project Ring Island Avalon Fortescue
Marsh ENH* Phase 1 Phase 2 Marsh Beach Dune
Dec 2014 Nov 2015
Constructed Aug 2014 | Aug 2014 toJan to Feb I\;Ig;cGh Algﬂrazr(:(l)G Fek;(’;(;;’-\pr
2015 2016
Habitat Size 0.89 1 6.9 45 6.6 1.3 2.25
(acres)
Sediment
Volume 1,000 6,000 ~6,000 ~49,300 6,490 7,245 18,335
(CY)**
Sediment 96% fine 96% fine 65% 72% 30% >80% >90%
Type sand sand silt/clay silt/clay silt/clay Sand Sand
Placement Direct Sp'ray & Direct Direct Direct
Technique Spray pumping Spray D|re<':t pumping pumping pumping
pumping
*ENH: Elevated Nesting Habitat
**CY: Cubic Yards

Ring Island

The dredged material for the Ring Island

Ring Island Enhancement Site Control-ENH

project was 96% fine sand, which came from Ring Island
a shoaled area in the New Jersey Middle Township, New Jersey
Intracoastal Waterway (NJIWW) located '
next to the island. The sand was used to A4
construct two TLP areas (~0.5 acres each foo)
( ) _ ENHK/

and an ENH (~1 acre).

Elevated Nesting Habitat
The purpose of the ENH at Ring Island was

.TLP-;EE'&?“,
to create suitable habitat for the State- :
Control-TLP

Areaof Interest

endangered black skimmer (Rynchops niger)

and other bird species of concern (Figure 2).

Marsh enhancement/ dredged (

It was designed to be a 1-acre mound with a ' material placement areas
platform elevation of 6 feet above Mean Marsh control stes
X X Elevated nesting habitat (ENH)
ngher H|gh Water (MHHW) and 1:12 N Elevated nesting habitat
7 Control
(vertical to horizontal) side slopes. = - Dredged channel

] 0.1 0.2

In August 2014, the 1-acre ENH was created Figure 2. Ring Island Project Site, showing the locations of

from approximately 6,000 cubic yards (CY) the marsh enhancement/dredged material thin-layer

of the dredged sand. To keep the dredged placement areas (TLP-1 and -2), elevated nesting habitat

material within the boundary of the ENH, and associated Control areas (Control-TLP and Control-
ENH).
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the area was mostly enclosed during placement (except for a small outlet area for water to exit) using
straw bales, a sand berm, and a silt fence. A skid loader was used to grade the placed dredged material
and form the ENH mound. The top of the ENH was above the spring high tide line — an important nest
survival threshold for coastal birds — but below the target elevation in the design and the permit. Post-
construction adaptive management included planting vegetation on the slopes of the site, removing
Phragmites australis from the site, removing plants from the top of the platform, and in early 2018, placing
additional dredged material to restore elevations above the spring high tide.

Marsh Enhancement
The goal of this component was to increase the abundance and rigor of native marsh vegetation by
»a

increasing the elevation of “low-lying”* marsh by spraying thin (3- or 6-inch-thick) layers of sandy dredged
material. These placement depths were expected to allow existing vegetation to survive and quickly
recover, growing through the placed dredged material (Ray 2007). No perimeter containment was used
because the surrounding areas of the marsh platform were at higher elevations than the placement areas

and the sand did not disperse far during placement.

Over a period of two days in August 2014, approximately 1,000 CY of fine-grained sand were sprayed on
two 0.5-acre sections of marsh platform using a hydraulic dredge and a spray nozzle system. The discharge
end of the dredge pipe was placed on a pontoon at the edge of the marsh, with the spray landing
approximately 150-200 feet from the pipe. Spraying the sand to achieve an even thickness of placement
was difficult as it accumulated wherever it landed, with little natural spreading. Dredging was stopped
intermittently, and water was sprayed through the nozzle system in an unsuccessful effort to disburse
placed sand across the marsh platform.

Topographic surveys and depth measurements made in the weeks immediately after construction
indicated that, although the average placement depth (6 inches) was within the 3- and 6-inch targets,
placement was uneven, ranging between 0.5 to 9 inches. In March 2017, half of the bare areas within
each of the TLP areas were experimentally planted with native salt marsh species.

Avalon

The Avalon Project site consisted of two phases of dredged material placement. The dredged material for
these projects came from the NJIWW located near the project site; following Superstorm Sandy, this
stretch of the NJIWW was one of the critical channel shoals that the USACE-OP needed to dredge. The
sediment in the channel was predominantly silt and clay.

4 The location of the possible TLP sites on Ring Island changed several times in the weeks preceding placement due
to the presence of nesting birds and a change in the dredging schedule. As a result, the baseline topographic data
could not be used to quantitatively assess the elevation of the selected TLP areas. However, based on observations
during site visits, the selected TLP areas were lower than the surrounding and more densely and diversely vegetated,
marsh. The Project Team decided it was worth moving forward with the project as an experiment and learning
experience. Based on assessments conducted after construction, the baseline elevation of the TLP areas was closer
to Mean High Water than Mean Higher High Water and 0.75 feet below the lower end of the range in elevation at
which Spartina patens was found at the site.
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Building upon the Ring Island project, the | ayalonMarsh Enhancement Site

Cape May Wetland WMA
Avalon Borough, New Jersey

goal of the Avalon marsh enhancement
project was to increase the area of oo
vegetated marsh by filling expanding and
degraded pools and pannes to the elevation

of the surrounding marsh. The newly

created topography was also expected to
improve the drainage of the marsh, reducing

excessive ponding of water, which is a

primary stressor to plants. To accomplish %
this, the dredged material was either ’%ﬁ“’“‘

Y,

sprayed or directly pumped into the pools,

with the overflow resulting in a thin layer of

i i B e it Areaof interest
dredged material on the adjacent marsh i P
platform. To keep the fine-grained dredged y 9 e
material within the placement area jL — = Dredged channel
boundaries, perimeter containment [ = i

(coconut-fiber logs) was installed before Figure 3. Avalon Project Site, showing the locations of the
construction. Containment was added as marsh enhancement/Dredged Material Placement Areas
needed during construction. (A through F) and marsh Control areas (Control-A and -G).

Avalon Phase 1

In early January 2015, approximately 5,000 CY of predominantly fine-grained sediment were placed on 7
acres of the marsh (Areas A and C in Figure 3). The goal was to fill pools and add 3-6 inches of sediment
to the surrounding marsh platform. In addition, sediment was sprayed directly on the marsh platform to
learn how TLP with fine-grained material differed from sandy material.

Avalon Phase 2

Additional data collection and detailed engineering work were completed to design the Avalon Phase 2
project. Topographic surveys, high marsh biological benchmarks, and tidal data were used to establish
target dredged material placement elevations and Target Ecological Elevations, rather than simply
establishing target dredged material placement thicknesses. Between November 2015 and March 2016
about 50,000 CY of fine-grained dredged material from the nearby NJIWW navigation channel were placed
on approximately 45 acres of the Avalon marsh (Areas A, C, D, E, and F in Figure 3).

Topographic surveys in the weeks following sediment placement showed the mean elevation of each
placement area was within 4 inches of the target dredged material placement elevations. However, based
on the range in these elevations, it is clear that sections of each placement area did not achieve the target
dredged material placement elevations, while in other areas, the targets were exceeded by more than 1
foot. The depth of sediment placed on the marsh platform ranged from 1- 9 inches (placement was thicker
in pools). Two years after placement, the areas lost some of their initial elevation and the mean elevation
was within 1 inch of the Target Ecological Elevations at four of the five placement areas. However, some
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pools had reformed by 2017, indicating differential settling, consolidation, and compaction of the placed
dredged material and underlying marsh.

After construction of the Avalon Phase 2 project, an adaptive management program was implemented.
For example, based on observations that the dredged material was still dewatering and elevations were
changing, combined with concerns regarding the potential to disrupt nesting birds, planting was delayed
for a year. The original planting plan was also adaptively implemented in the field in response to the
changed conditions. In addition, during the first summer after construction, vegetation die-off was
observed in some areas outside and directly adjacent to the perimeter containment. Supplemental
monitoring was conducted to investigate the cause(s) of the die-off and to suggest potential adaptive
management actions to mitigate it. Initial results from this monitoring suggested that the containment
was blocking tidal flow and preventing dewatering of the sediment. This, in combination with acid
produced by the oxidation of the placed dredged material, may have created extreme water chemistry
fluctuations (e.g., extremely high pH and salinity in surface waters) and less-than-optimal flooding
patterns. This led to the removal of most of the containment at both Avalon and Fortescue rather than
continuing with the original plan for it to biodegrade in-place.

Fortescue
The marsh enhancement component of

Fortescue Enhancement Site
Fortescue FRWMA
Fortescue, New Jersey

Womm
; ¥ R

increasing the elevation of a low-lying [1 |

the Fortescue pilot project was designed
to improve growing conditions for native
salt marsh plants and create positive
drainage of the marsh platform by

ditched marsh. In addition, to protect the et Dl 4

Beach Y

marsh and nearby marina from erosion, a
dune restoration project was designed,

and a nearby eroding beach was restored
(Figure 4). To construct these projects,
mostly sandy sediment from the nearby
Fortescue Creek navigation channel was
dredged.

Marsh enhancement/ dredged
material placement areas

Area of Interest
Marsh control sites

Dune project

N i._"I Beach restoration

+ = = Dredged channel

o 0125 025

Marsh Enhancement
The Fortescue project was designed to
increase the elevation of the marsh by

approximately 9 inches. The target

dredged material placement elevation of
3.3 feet and the Target Ecological
Elevation of 2.8-3.0 feet NAVD88 were

Figure 4. Fortescue Project Site, showing the locations of the
marsh enhancement (1-S, 1-N, 2), dune restoration (Dune)
and beach nourishment (Beach) Dredged Material

based on biological benchmarks and local
site hydrology with the objective to

Placement Areas and the marsh Control sites (Control-A and
Control-B).
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produce high marsh habitat. The Project Team applied the lessons learned from the construction of the
Avalon Phase 2 project to the design and construction of the Fortescue project. The marsh enhancement
design included a branching system of pipes with valves that could be opened and closed and included
some flexible pipes that could be moved more easily by hand. This design would, in theory, avoid the
costly downtime that was experienced during the Avalon Phase 2 project when the discharge of dredged
material had to be stopped to prevent overflow of the containment and when the dredge pipe had to be
repositioned. A double containment row of plastic mesh tubes filled with wood chips (Filtrexx SiltSoxx™)
was installed around each Dredged Material Placement Area.

In March 2016, 6,490 CY of a heterogeneous mix of sandy and fine-grained dredged material from the
Fortescue Creek navigation channel were placed on two areas, totaling 6.4 acres of the marsh, which was
less than 30% of the originally planned marsh enhancement area. The efficacy of the highly engineered
dredge pipe network could not be evaluated because it was not used to its full advantage, and large
machinery was used to move the position of the pipe outlet rather than employing the smaller flexible
pipes. Several challenges were encountered during the marsh enhancement. For example, the dredged
material was sandier than expected, the winter weather was especially harsh and there were contracting
issues. As a result, the Project Team was unable to complete construction in the first year and decided not
to finish the project in the second year. A survey of dredged material depth in permanent monitoring plots
found that the average depth of placement was 6 inches and ranged from minimal to 18 inches.>

After construction, portions of the bare sections of the marsh enhancement areas were planted with
native salt marsh species. As part of the project adaptive management plan, the plastic netting around
the Filtrexx SiltSoxx™ was removed and the woodchip filling was dispersed across the marsh.

Dune Restoration

The Fortescue dune restoration was designed to protect the adjacent marsh and the marinas on Fortescue
Creek from erosion caused by tidal flow and storm waves. Originally, this project component was designed
to be constructed mainly in the footprint of an existing dune adjacent to the marsh platform, but after a
winter storm eroded portions of the shoreline the dune footprint was redesigned to be further in the
marsh.

In early 2017, approximately 18,000 CY of sandy dredged material were used to construct the dune.
Containment made from Filtrexx SiltSoxx™ and sand berms was used to retain the dredged sand. Outlets
through the containment on the marsh side of the dune were constructed to allow fine-grained sediment
to flow into the marsh creating an area of TLP.

5 While RTK transect surveys of the elevation at Fortescue were conducted each year, the Control Areas showed
improbable gains in elevation. For this reason, elevation data is not summarized here.
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“As built” surveys show that the final constructed dune was 900 feet long, 40 feet wide at the top, and 80
feet wide at the bottom, with an elevation of 10.0 feet NAVD88 (5-6 feet above the marsh surface). After
construction, the dune was planted with native shrubs and grasses.

Beach Nourishment

The Fortescue project’s beach nourishment component was designed to restore a natural beach near
Fortescue Creek. The beach was eroded by winds and waves. Approximately 7,000 CY of sediment (at least
80% sand) dredged from the Fortescue Creek navigation channel were spread over 1.3 acres (700 linear
feet) of beach at a 15:1 (horizontal to vertical) slope. It was expected that a plateau would form naturally
as the placed dredged material was "worked" by the tides and wind.

Monitoring Plan: Objectives

As the first of their kind in New Jersey, the salt marsh enhancement projects tested the idea that the
application of dredged material (i.e., sediment) on existing, but stressed and vulnerable salt marshes can
result in ecological enhancement and help them persist into the future in the face of sea-level rise,
erosion, and subsidence. With three different project sites, the Project Team was able to test a variety of
dredged sediment types, placement methods, and sediment depths on a range of baseline conditions. In
the long run, the projects will be considered a success if there is (1) an increase in and maintenance of an
optimal tidal elevation and hydroperiod for native salt marsh biota, (2) an increase in the abundance and
vigor of native salt marsh plants, and (3) a return for all other parameters to pre-construction conditions
unless they were expected to change from the conversation of habitat.

The Ring Island Elevated Nesting Habitat (ENH) was designed to create nesting habitat primarily for the
black skimmer (Rynchops niger), a State-endangered species, and other colonial and marsh nesting
species. The project would be considered a success if (1) the increased elevation kept the nests from being
flooded, (2) the vegetation in the sandy ENH habitat remained at densities low enough to maintain
suitable nesting habitat and was not colonized by invasive plants (for example, Phragmites australis), and
(3) black skimmers and other colonial and marsh nesting species were successful in fledging chicks from
the habitat. Due to the unexpected use of this habitat by other species of interest, the definition of success
for the ENH project has expanded beyond its original avian targets to include other species of sandy
habitat nesters including horseshoe crab (Limulus polyphemus) and the diamondback terrapin
(Malaclemys terrapin).

The beach restoration and dune enhancement projects at Fortescue were primarily evaluated based on
the consistency of their “as built” condition with their design. In addition, goals for the enhanced dune
included (1) the successful survival and establishment of native plantings, (2) the removal and prevention
of future establishment of P. australis, and (3) low rates of erosion.

Several different types of monitoring were conducted during the implementation of the projects. Baseline
data collection before project construction (i.e., placement of dredged material) was used to characterize
existing conditions and inform final site selection and project design; “as built” surveys were conducted
to determine if the projects were built as designed. A formal Monitoring Plan was created in 2014 and
implemented to track progress toward meeting the ecological goals of the projects. HAZUS modeling was
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used to estimate the potential socioeconomic benefits of the Avalon and Fortescue projects (Ferencz et
al., 2017). Adaptive management monitoring addressed several issues identified during post-construction
monthly site inspections.

Monitoring Plan: Data Evaluation

The Monitoring Plan was devised to track the initial responses (one to three years post-construction) of a
variety of ecological salt marsh parameters to dredged material placement, as well as to track the
progress/trajectory toward meeting the project goals; thus, it is purposefully comprehensive. The
Monitoring Plan and subsequent modeling and adaptive monitoring were designed to answer research
guestions to help inform future projects of this kind and to help determine the feasibility of scaling up this
work within the state. As such, all project work was carefully documented, and project sites continue to
be monitored.

The questions that the team hoped to answer through monitoring included:

e Can dredged material be placed on a marsh consistent (vertically and horizontally) with the
project’s design?

e Were Target Ecological Elevations appropriate for developing native high marsh plant
communities?

e How much does the placed dredged material consolidate over time?

e Does the marsh ecosystem (i.e., structure and functions) recover or show uplift within two to
three years of dredged material placement? (And the related “How long does it take for the marsh
to recover and achieve uplift?”)

e Diddifferences in structural factors (e.g., grain size, elevation, placement thickness) correlate with
recovery and uplift?

e Were there any unexpected outcomes of the placement of dredged material?

e What parameters should be included in a marsh enhancement monitoring program (before,
during, and after placement)? And how long should the post-placement program be conducted?

The monitoring activities used widely accepted and scientifically defensible methods. Where possible,
these methods were adapted from the Salt Marsh Integrity Index Protocols used by the U.S. Fish and
Wildlife Service (USFWS) Region 5 (Neckles et al. 2013). The USFWS New Jersey National Wildlife Refuges
planned to use these protocols for their beneficial use of dredged material projects, and the Project Team
intended the data to be comparable. When possible, monitoring activities took place before and after
placement of dredged material and in a control site, following a Before-After-Control-Impact (BACI)
design. “Impact” portions of the project are typically referred to as dredged material “placement areas.”
The elements of the Monitoring Plan are listed in Table 2. Additional research on sediment and water
chemistry characteristics at Avalon and regular site inspections at project sites were added after the
dredged material had been placed as part of an adaptive monitoring program; these activities proved to
be very helpful in adaptively managing the projects.
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Table 2. Gantt chart of monitoring categories. Red coloration signifies the year that dredged material

was placement within the site. Green represents that monitoring of the specific metric occurred

within the year. Monitoring was performed generally during peak biomass season (summer to fall).

Ring Island

Metric

2013 | 2014 | 2015

Placement

Plant Community

Benthic Invertebrate Species

Avian Use

Habitat Change Analyses

Site Visits

Surface Elevation Tables

Topographic Surveys

Sediment Characteristics

Water Level

Nekton

Water Chemistry

Avalon

Metric

2013

2014

Placement

Plant Community

Benthic Invertebrate Species

Avian Use

Habitat Change Analyses

Site Visits

2015

2016

Surface Elevation Tables

Topographic Surveys

Sediment Characteristics

Water Level

Nekton

Water Chemistry

Fortescue

Metric

2013

2015

Placement

Plant Community

Benthic Invertebrate Species

Avian Use

Habitat Change Analyses

Site Visits

Surface Elevation Tables

Topographic Surveys

Sediment Characteristics

Water Level

Nekton

Water Chemistry
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1. Horizontal Extent of Dredged Material Placement

Jackie Jahn'?, Lisa Ferguson?, Metthea Yepsen?#
1GreenVest, The Nature Conservancy, 3The Wetlands Institute, “New Jersey Department of Environmental
Protection

At each site, areas were selected for placing sediment based on several criteria and a variety of
mechanisms were used to attempt to get sediment spread into and across those areas. Details are
discussed in the 2021 Beneficial Use of Dredged Material to Enhance Salt Marsh Habitat in New Jersey:
Project Summary and Lessons Learned report.®

Monitoring Design

Extent of Placement

The extent of sediment placed in marsh enhancement areas was mapped by GreenVest. The perimeter of
placed sediment areas was walked shortly after placement with a Global Positioning System (GPS) to
create placement polygons. Polygons were imported into ArcGIS ArcMap (Version 10.4) and used to
calculate acres of placement area.

Results

Ring Island TLP
It was difficult to spray dredged

material into the “inland” corners of Legend
the rectangularly delineated Elevated Nesting Habitat /\
placement areas, and spraying had to Thin Layer Placement é}

stop once the maximum elevations had

been reached in some areas; as a
result, dredged material was placed on §>
0.89 acres of the targeted 1- to 1.4-

l 0 0.020.04 0.09 Miles
acre TLP area (Figure 5). boootoocl

Esri Community Maps Contributors, New Jersey Office of GIS,

@D © OpenStreetMap, Microsoft, Esri, HERE, Garmin, SafeGraph,

GeoTechnologies, Inc, METI/NASA, USGS, EPA, NPS, US Census

1 Bureau, USDA, Sources: Esri, Airbus DS, USGS, NGA, NASA,
Rlng ISland ENH CGIAR, N Robinson, NCEAS, NLS, OS, NMA, Geodatastyrelsen,
. Rijkswaterstaat, GSA, Geoland, FEMA, Intermap and the GIS

The planned footprint of the ENH was s ety

1.14 acres in size, and the footprint of

the constructed projects was 1.49 Figure 5. Placement extent the month after construction at

acres one month after placement. Ring Island.
The extent of the ENH suitable for nesting by the target species changed over time (see Figure 6). This
“nesting platform” was defined as the contiguous area above the Spring Tide level. At the time of
placement (September 2014), the platform was 0.9 acres. As the platform was high with somewhat steep

5 https://www.nj.gov/dep/dsr/wetlands/beneficial-use-dredged-material-project-summary-lessons-learned.pdf
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Ring Island
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Figure 6. Change in the shape and elevation of the Elevated Nesting Habitat at Ring Island from
September 2014 to March 2016. Surveys from 2014 and 2015 were conducted using RTK-GPS and the
survey from March 2016 was conducted using ground-based LiDAR. The acreage for the nesting platform
was measured to be 0.9 acres in 2014, 0.5 acres in 2015, and 0.65 acres in 2016. The acreages
correspond only to the nesting platforms and not the overall placement area.

slopes, it was expected that wind and water forces would reduce platform elevation. By November 2015,
the platform reduced to 0.5 acres and by March 2016, it expanded slightly to 0.65 acres. This increase may
be due to the difference in survey methods between 2015 and 2016 and/or a result of sand moving from
the platform onto surrounding areas.

Although the overall nesting platform reduced in size by 2016, the remaining platform was found to be
heavily utilized by nesting birds and vegetation began to establish. However, the ENH had lost a significant
amount of elevation (on average 0.36 ft NAVD 88; see Section 3: Elevation). Therefore, the project team
decided to create a larger nesting platform through the addition of more dredged material in early 2018.

Avalon
43.9 acres of the planned 51 acres of marsh received dredged material (Figure 7). Placement areas that
received sediment were larger than planned due to sediments overtopping containments. Additionally,
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sediment placement took longer than expected, and the project ran out of time before all placement

areas received sediment.

Wine  |Legend
l:l Planned placement area

_ Actual placement extent

Sources Esn, Airbus DS, USGS, NGA, NASA CGIAR, N Robinson,
NCEAS, NLS, 05, NMA, Geodatastyrelsen, Rjkswaterstaat, GSA,
Geoland, FEMA, Intermap and the GIS user community, Esri
Community Maps Contributors, New Jersey Office of  Esni,
HERE, Garmin, SafeGraph, GeaTechnalogies, Inc, METI/NASA,
UISGS, EPA, NP5, US Census Bureau, USDA

N
A 0 005 01 0.2 Miles
e F L]

Figure 7. Planned vs actual marsh project at Avalon.

Fortescue
6.5 of the targeted 23 acres received sediment in late winter of 2016 (Figure 8). NJDOT intended to return

and place more sediment at the site but was unable to do so due to bad weather in the spring of 2016
and courser than expected sediment. Figure 8 depicts areas planned for placement and areas that
received dredged sediment.

Legend
Marsh

ortescue

Planned

- Actual

Dune
——Planned
Actual

Esri Community Maps Cantributars, Delaware FirstMap, New
Jersey Office of GIS, VGIN. ® OpenStreetMap, Microsoft, Esri,
HERE, Garmin, SafeGraph, GeoTechnologies, Inc, METI/NASA,

N N
A 0 0.030.05 0.1 Miles
USGS, EPA, NPS, US Census Bureau, USDA

Figure 8. Planned vs actual marsh and dune projects at
Fortescue.
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Conclusions

All projects ended up being smaller than planned due to time constraints and difficulty spreading
the heavy sediments.

At Ring Island, it proved too difficult to spray sand in an even layer or a rectangular shape. As a
result, the team had to stop pumping before it could reach the corners and interior portions of
the placement area, which were more difficult to reach.

At Avalon, the individual placement areas were larger than planned because sediment overflowed
the containments, and the team ran out of time to place sediment in all planned areas.

At Fortescue, there were a variety of factors that led to a smaller project, including bad weather
and difficulty spreading sandy dredged materials.

Based on these analyses, we can answer the following monitoring question: Can dredged material
be placed on a marsh consistent (horizontally) with the project’s design?

0 We found the answer to be no, it is unlikely that the sediment can be placed on the marsh
exactly according to design. Complications can arise during placement, such as difficultly
moving the sediment and machinery needed, which can prevent complete coverage of a
planned area.

26



Appendix A: Monitoring Report

2. Depth of Dredged Material Placement

Laura Moritzen?, Jessie Buckner!, Metthea Yepsen®?, Adrianna Zito-Livingston?
The Nature Conservancy, 2New Jersey Department of Environmental Protection

In addition to changing the elevation of the marsh, the depth of the dredged material placed on the marsh
was expected to affect vegetation and animal species survival and the trajectory of post-placement
recovery (see Vegetation Recovery Section). In cases where plants or animals were completely smothered,
it was expected that recovery (and potentially ecological) uplift would take longer than areas of the marsh
covered with a comparatively thin layer of dredged material. Previous research demonstrated that salt
marsh plants can recover after the placement of sediment for elevation enhancement. For example, Ray
(2007) found that plants recovered best after placement of 0.17-0.50 feet of material, and Reimold et al.
(1978) found excellent vegetation recovery after placement of up to 0.75 feet of sandy material.

Monitoring Design

There are a number of different ways to measure the depth of dredged material placed on the marsh. The
results reported here are based on two methods: 1) measurements taken by TNC in the permanent
vegetation plots for two-years post-placement by piercing the dredged material with a ruler and
measuring the depth down to the underlying original marsh surface/root mat (five measurements per
plot; see Section 5: Vegetation from Plot Based Monitoring), and 2) digital elevation models (DEMs) based
on topographic surveys (Table 3). Measurements of sediment depth in plots were likely more accurate
than interpolated RTK-GPS points due to the error associated with RTKs as well as with interpolation of
topographic data. However, the interpolation maps give a much better picture of the spatial variability of
sediment depth and are thus still worth evaluating.

Table 3. Design and metrics used for monitoring the depth of dredged material placement at Ring
Island, Avalon, and Fortescue project sites.

Metrics Method Design
Depth of dredged material Ruler measurements Five measurements in each permanent vegetation
placement (cm and ft) plot during peak of growing season
Change in elevation (ft) Digital Elevation Interpolated RTK-GPS transect surveys or ground
Models (DEMs) based LiDAR surveys.
Results
Ring Island TLP

The dredged material used at Ring Island was 96% sand and the average depth of placement across the
site as of two-years post-placement was 15.0 cm (0.5 ft, SD = 5 cm or 0.2 ft). Although it was observed
that individual plots experienced small increases or decreases in their average placement depths from
two to three years post-placement, there was no significant net increase or decrease for the project
(ANOVA, p > 0.05). Despite large ranges in elevation, a comparison of DEMs from the baseline and as-built
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surveys indicate that 64% of the site gained 7.62-15.34 cm (0.25-0.5 ft) of sediment, which matched the
target depths set for the project. The spatial distribution of elevation changes between the baseline and
the “as built” can be seen in Figure 9.

Elevation
change (ft)

 05-08

Figure 9. Change in elevation (ft) between
baseline and “as built” at Ring Island TLP areas.

Avalon Phase 2

During the “as built” survey, the average depth of placement was 30.8 cm (1.0 ft, SD = 27.1 cm or 0.9 ft)
for plots that started as marsh platform, and >62.6 cm (2.1 ft, SD = 37.3 cm or 1.2 ft) for plots that started
as a pool (Figure 10). Sediment tended to stack up around pipe outlets and depth decreased moving away
from pipe outlets. Two-years post-placement, these averages both decreased to 19.8 cm (0.7 ft, SD = 18.9
cmor 0.6 ft) and 42.9 cm (1.4 ft, SD = 37.4 cm or 1.2 ft), respectively. However, these decreases were not
statistically significant (ANOVA, p > 0.05 platform; Kruskal-Wallis, p > 0.05 pool).
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Elevation
change (ft)
-29-0
W oo-05 )
051 %y
M 10-15 >
W 15-2 o
M 20-28 ~
2

Figure 10. Change in elevation (ft) between baseline
and “as built” at Avalon in placement areas.

Fortescue

The dredged material placed at Fortescue was a silt and sand mixture, and the average depth of placement
measured in the vegetation plots one-year post-placement was 17.4 cm (0.6 ft, SD = 15.4 cm or 0.5 ft).
This average decreased slightly, but not significantly, to 15.4 cm (0.5 ft, SD = 6.6 cm or 0.21 ft) two-years
post-placement (ANOVA, p > 0.05; Figure 11).

Elevation
change (ft)
<0
M o-025

0.25-05
W os-1
MW i0-15
M i5-42

Figure 11. Change in elevation (ft) in Fortescue
TLP areas between baseline (2015) and “as
built” (2016).
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Conclusions

e On average after two years post placement, dredged material depth at Ring Island and Fortescue
was 0.5 ft, and at Avalon, it was 1 ft on the vegetated marsh platform and 2 ft deep in pools.
However, there was a large range of placement depths at all sites.

o Sediment tended to stack up where it first made contact with the ground rather than spread into
an even surface. This was even true at Avalon where the sediment was primarily fine-grained. The
effect of dredge material depth is explored in Section 5: Vegetation from Plot Based Monitoring
below. It is possible that this variability is not ecologically detrimental and instead may lead to a
more diverse habitat with niches for a variety of native salt marsh species.

e Based on these analyses, we can answer the following monitoring question: Can dredged material
be placed on a marsh to achieve a consistent elevation?

o We found the answer to be likely no. Due to issues with equipment and sorting of the
sediments during application, the sediment was not placed at an even depth across the
marsh platform. Pools and ponds resulted in additional differences in depth due to the
high rates of compaction and vast depths of the ponds themselves.

o The dredged material was generally placed at the Target Dredged Material Placement
Elevations in around 50% of each site. The remainder of the site was generally higher than
planned at Ring Island, lower than planned at Fortescue, and both above and below at
Avalon.
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3. Elevation

Metthea Yepsen?, GreenVest
1The New Jersey Department of Environmental Protection

Contributors: Nick Procopio?, Lori Lester?

The primary objective of the placement of dredged material on the Ring Island, Avalon, and Fortescue salt
marshes was to increase the elevation of the marsh surface to reduce flooding and change the marsh
topography. Changes in the elevation and topography in a salt marsh influence hydrology, which, in part,
determines the floral and faunal communities that are integral to the ecological structure and functions
of the marsh. To attribute changes to the marsh ecosystem to the addition of dredged material, it is first
imperative to accurately document elevation changes in project sites and control sites. In addition, as pilot
projects, there was an interest in seeing how closely the projects were built to their design. Observed
changes in elevation should be consistent with the depth of the placed dredge material under the
assumptions that there is minimal subsidence of the marsh and that data collected using different
methods are comparable.

Monitoring Design

Table 4. Design and metrics used to monitor elevation, topography, and accretion at all three
project sites.

Metrics Method Design
Minimum of baseline, “as built”, and one-year post
Elevation (Ft NAVD88) LiDAR or RTK-GPS construction and 2019 in placement and control
sites.

Shallow and Deep Installed post-placement. 3 per control site and 3
Surface Elevation Table per placement site. Read annually in late summer.
Marker Horizon Plots —
Net Accretion (mm) Feldspar Plots and
Sediment Grids

Surface Elevation Tables
Shallow Subsidence (mm) | combined with Marker Calculated annually.
Horizon Plots

Elevation (mm)

Installed post-placement. 4 per SET. Read annually in
late summer.

Elevation surveys were conducted using Real-Time Kinematic-Global Positioning Systems (RTK-GPS) and
ground-based Light Detection and Ranging (LiDAR) over five to six years, depending on the placement site
(Table 4). Surveys before placement documented baseline conditions and informed placement targets.
Surveys immediately post-placement (“as built” survey) were used to determine the thickness (depth) of
dredged material placement and how similar the new elevations were to those targeted by the restoration
design. Surveys conducted after the “as built” documented how the elevations changed as sediments
consolidated, shifted, and compressed the marsh below it. Measurements in Years 1 and 2 post-
placement were used to develop planting plans. Measurements in control sites were used to document
natural variation and the sampling method accuracy. Measurements of pre- and post-placement
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elevations were compared with tide range, tidal amplitude, hydroperiod, and key biotic parameters to
evaluate the efficacy of using dredged material for salt marsh enhancement. Although not well
documented throughout the project, the vertical accuracy of the RTK-GPS units was set at 0.16 feet. As
such, changes in elevation under 0.16 feet were assumed to be too small to measure.

Shallow and deep surface elevation tables (SETs) with marker horizons were installed post-construction
by The Nature Conservancy (TNC) in control and placement areas. SETs are fine-scale instruments
designed to capture changes in elevation (at the scale of millimeters) over time and help to explain the
processes responsible for observed elevation changes (https://www.pwrc.usgs.gov/set/), including the

accretion of sediment. To account for a heterogeneous, dynamic marsh surface and the noise within the
data, SET data must have a minimum of three to five years of data that need to be collected before
elevation changes are analyzed. At the time this report is being written, each site has at least six years of
data accumulated for the SETs and associate marker horizon plots. These data are currently being
analyzed and will be posted in the NJ Tidal Wetland Monitoring Network (NJTWMN) database’.

Topographic surveys, data interpolation, and data interpretation were worked on by many groups
including USACE, NJDOT, GreenVest, Princeton Hydro, TNC, Delaware Valley Data Collection, GBA, and
NJDEP.

Results

Ring Island TLP

Based on studies by Ray (2007) and Reimold et al. (1978) that demonstrated plants could survive sediment
placement, TLP Area 1 and TLP Area 2 at Ring Island were designed to receive 0.25 feet and 0.5 feet of
dredged material, respectively. No statistical difference was found in the depth of placement between
the two areas (0.4 + 0.1 ft and 0.5 £ 0.1 ft, respectively), so they are being analyzed together.

Ring Island Elevation

Surveys at Ring Island were conducted using RTK-GPS and ground-based LiDAR over six years. Low marsh
at Ring Island was defined as -0.40 to 1.69 feet NAVD88, and high marsh between 1.69 to 2.08 feet
NAVDS88 (see Section 4: Water Level Monitoring). Based on the RTK-GPS surveys, the elevation in the TLP
areas immediately after placement increased by an average of 0.55 feet (Figure 12). The general elevation
gain was maintained over the next five years or, in some locations, showed a slight increase (Figure 13B,
Table 5). The measured median elevation in Ring Island control sites increased by 0.13 feet from baseline
conditions in 2014 to 2019, five years post-construction. The measured median elevation in placement
sites increased by 0.55 feet during the same period. By 2019, the median elevation in the placement sites
was 0.25 feet higher than the control site (Kruskal-Wallis chi-squared, p < 0.001). Elevation gain measured
in the control site was not greater than the vertical accuracy of the survey equipment (0.16 feet) and the
sample size increased greatly from 2014 to 2019, thus, it was not possible to conclude that the median
elevation increased at the control site (Table 5).

7 The NJTWMN website and database are currently being finalized and have not been approved for public posting
yet.
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Figure 12. Elevation (Ft NAVD88) quantiles at Ring Island placement areas based on RTK-GPS transect
surveys at the site. Box and whisker plots include the minimum, quartiles, median, and maximum
elevation. Elevations were statically different from year to year (Kruskal-Wallis chi-squared, p < 0.05).

2014a: n=46; 2014b: n=109; 2019: n=126).

Change in Elevation Baseline — As-built

A ) 2

TLP Area 1 -"

TLPArea2 _ @

, S Below
& 7 Within
S B Above

Change in Elevation 2014-2019

B 0\0"'

Below
Within
B Above

Figure 13. Areas of Ring Island that were below, within, or above the 0.25-0.75 ft target elevation
gains during the A) “as built” (2015) and B) five years post-placement surveys.
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Table 6. Elevation (Feet, NAVD88) quartiles at Ring Island in Control and Placement sites during
baseline (2014) and five years post-placement in 2019 based on RTK-GPS surveys.

Elevation Quartiles (Feet, NAVDS88)
n 0% 25% 50% 75% 100%
Control Baseline 7 1.90 2.05 2.12 2.17 2.19
Control 2019 150 0.06 2.13 2.25 2.34 3.31
Placement 50 1.65 1.90 1.95 2.02 2.44
Baseline
Placement 2019 119 1.52 2.38 2.50 2.58 3.66

Ring Island Target Ecological Elevations

64% of the TLP area gained elevation between 0.25 and 0.752 feet of sediment, which was considered
“within” target elevations (Figure 13A). The median elevation of the placement areas post-placement in
2019 was 2.5 feet NAVD88 (Table 5), which is above Mean Higher High Water elevation and above the
upper-end of the elevations suitable for high marsh (see Section 4: Water Level Monitoring).

Ring Island Elevated Nesting Habitat (ENH)

The ENH was designed to add 5 feet of elevation above the existing marsh. This would place the top of
the ENH 6 feet above Mean Higher High Water at 2.14 feet NAVD88. The “as built” survey showed that a
large portion of the interior of the ENH placement area was above the spring high tide level (3.6 feet
NAVDS88), which is an important nest survival threshold for coastal birds. The results in Table 6 indicate
that the high interior ENH platform (represented by the maximum elevations) lost 1.8 feet in elevation
from the “as built” survey in the Fall of 2014 to the second post-placement survey in March of 2016, while
the surrounding areas (assumed to be represented by the minimum elevations) gained 0.5 feet in

Table 5. Elevation of the Elevated Nesting Habitat (ENH) at the Ring Island project site
based on RTK-GPS and LiDAR surveys. No pre-placement data were collected.

Elevated Nesting Habitat Elevation (Feet, NAVD88)

“As built” Post- Post- Post-

RTK survey Placement 'Placement Platfement

Sept 2014 RTK LiDAR March LiDAR

Nov 2015 2016 June 2017

Minimum 0.27 0.22 1.38 1.62
Maximum 7.61 5.84 5.83 5.96
Range 7.34 5.62 4.45 4.34
Mean 3.88 3.00 3.52 3.17
Standard Deviation 1.49 0.90 0.71 0.77
n 279 176 NA NA
Change in maximurm 1.77 -0.01 +0.13
elevation per year
Change in mean 0.88 +0.52 0.35
elevation per year

8 An elevation buffer was added to the 0.25 to 0.50-foot target range to account for survey and interpolation error.
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elevation. The loss of elevation from the interior platform was balanced largely by an increase in elevation
of the surrounding platform area. The loss between the November 2015 and March 2016 surveys is
indicative of transport and deposition during winter storms. By 2017, the losses in elevation of the interior
ENH platform continued. In response, additional dredged material was placed on the interior portion of
the ENH in February 2018.

Avalon Phase 2

The dredged material Table 7. Target elevations for placement areas at Avalon Phase 2.

placement goals of the Avalon

Phase 2 marsh enhancement Placement Area Elevation Targets (Feet, NAVD88)

project were to fill expanding High Marsh Range 2.03t02.39

pools to an elevation slightly Low Marsh Range -0.03 to0 2.03

above the surrounding Placement Areas A C D E F

vegetated marsh plain, with the Placement Target | 3.00 261 3.00 2.39 3.00
Ecological Target 2.50 2.11 2.50 1.89 2.50

areas around the pools receiving
a thin layer placement of
dredged material. Target dredged material placement elevations were set for each placement area based
on the existing topography of the area and expected dewatering and consolidation of the dredged
material (Table 7; see Section 4: Water Level Monitoring for further details on high and low marsh range
elevations). This is the elevation up to which dredged material was planned to be placed. After placement,
the dredged material underwent predicted dewatering and consolidation, sinking from the target dredged
material placement elevation to achieve the Target Ecological Elevation. While Target Ecological
Elevations are the elevation necessary to meet the specific habitat enhancement ecological objectives for
a project, Target Ecological Elevations are lower than the target dredged material placement elevation
and are based on biological benchmarks, desired hydrology, and other conditions at the project site.

Avalon Elevation
Surveys were conducted using RTK-GPS and ground-based LiDAR over six years®. Based on interpolated
RTK-GPS surveys conducted during the baseline and interpolated ground-based LiDAR surveys

Ill

conducted in 2016 after sediment was placed, the initial “as built” increase at Avalon in mean elevation
was between 0.90-1.23 feet across all five placement areas. Minimum, maximum, and mean elevations
were increased in all dredged material placement areas and the variability in elevation decreased in all

placement areas when compared with the baseline.

Median elevations in control and placement sites were statistically different in the baseline (Kruskal-
Wallis chi-squared = 2726.7, df = 143, p < 0.001), but at 0.17 feet difference, just above the error
associated with the RTK-GPS measurements (0.16 ft; Figure 14A and Table 8). The elevation difference
between placement areas and control sites significantly increased to 0.27 feet five years after placement

% An elevation buffer was added to the 0.25 to 0.50-foot target range to account for survey and interpolation error.
dditionally, the LiDAR surveys were not corrected for vegetation and may over-estimate elevation as a result.
Despite these two potential sources of error, a comparison of the RTK-GPS and LiDAR data collected during the
same season produced similar enough results that we felt comfortable combining data sets for the analysis.
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in 2019 (Kruskal-Wallis chi-squared = 1243.8, df = 269, p < 0.001; Figure 14B and Table 8). The difference
in median elevations between placement sites in 2019 and 2015 was 0.33 feet by 2019 (Kruskal-Wallis
chi-squared = 5084.1, df = 259, p < 0.001; Figure 14C and Table 8).
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Table 8. Elevation (Feet, NAVD88) quartiles at Avalon in Control and Placement sites during baseline
(2014/2015) and four years post sediment addition in 2019 based on RTK-GPS surveys.

Elevation Quartiles (Feet, NAVDS88)
n 0% 25% 50% 75% 100%
Control Baseline 66 -0.36 1.12 1.83 2.06 244
Control 2019 1434 -1.04 1.44 2.06 2.31 2.61
Placement Baseline 2750 -1.3 1.2 2.0 2.2 2.7
Placement 2019 3162 -0.07 2.12 2.33 2.51 3.28

Avalon Elevation vs Target Elevations: Based on interpolated ground-based LiDAR points, measured
mean “as built” elevations were 0.1-0.34 feet below the Target Dredged Material Placement Elevation
for all areas except E, which was 0.17 feet above. Given the reported minimum and maximum “as built”
elevations, it is clear that some portions of each placement area did not achieve the target placement
elevation, while the target elevation was exceeded in other parts of each placement area (in some cases
by more than a foot). The “as built” surveys demonstrated that 44% of the area that received sediment
was within the target sediment placement elevation, 36% fell below, and 20% was above (Figure 15A).
Most of the area above the target sediment placement elevation was in area E where the target
elevations were lower than the other areas. By 2019, approximately 50% of the areas were within their
Ecological Target Elevation ranges with 30% below and 20% above (Figure 15B).
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Figure 15. A) 2016 (“as built”) map of Avalon placement areas that were below, within, or above Target
Placement Elevations. Transparent areas have no data because they were ponded. B) 2019 map of
placement areas that were below, within, or above Target Ecological Elevations. Each Target Elevation
was buffered by 0.25 ft above and below to create a range.
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Fortescue

In Fortescue, the range for low marsh was determined to be -0.39 to 2.66 feet NADV88, and high marsh
to be 2.66 to 3.08 feet NAVD88 (see Section 4: Water Level Monitoring). The Fortescue marsh
enhancement project was designed to increase the elevation of 23 acres of ditched and low-lying salt
marsh to 2.80 to 3.00 feet NAVD88 (in addition to the enhancement of 1,350 linear feet of coastal dune,
and the restoration of 3.90 acres of beach; not monitored). Topographic surveys were completed at
Fortescue using RTK-GPS between 2015 and 2019.

Fortescue Elevation

Topographic surveys at Fortescue were difficult to draw conclusions from. Median elevations in the
placement areas were higher than in the control site before sediment placement (Table 9). Elevation
gains in the placement areas were observed after placement but were no longer measurably different
from baseline conditions by 2019 (i.e., the difference in the median elevation was below the 0.16-foot
accuracy of the RTK-GPS). Another complicating factor was that control sites gained improbable
elevation during the 4-year time frame (0.36 feet).

Table 9. Fortescue elevations over time (Feet NAVD88). Minimum, 25 percent, median, 75 percent,
and maximum.

Elevation Quartiles (Feet, NAVDS88)
n 0% 25% 50% 75% 100%
Control Baseline 1780 -0.90 2.10 2.40 2.70 3.60
Control 2019 1719 0.01 2.46 2.76 3.06 3.96
Placement Baseline 664 -0.08 2.25 2.60 2.79 3.60
Placement 2019 624 1.24 2.62 2.80 2.95 3.59

Fortescue Elevation vs Target Elevations

At Fortescue, the 2016 “as built” surveys demonstrated that 56% of the site was within target elevation
ranges, with the majority of the rest of the area below targets (Figure 16A). By 2019, the median elevation
in placement areas was on target at 2.80 feet NAVD88 but was uneven across the site (Figure 17). Median
elevations were higher in placement areas than control areas in baseline conditions (2015, Kruskal-Wallis
chi-squared = 2407.8, df = 745, p < 0.001) and in 2019 (Kruskal-Wallis chi-squared = 1253.8, df = 768, p <
0.001). Elevations were additionally higher in placement areas in 2019 than during baseline. (Kruskal-
Wallis chi-squared = 1253.8, df = 768, p < 0.001). However, median elevations in control areas also
increased by 0.36 feet between 2015 and 2019 (Kruskal-Wallis chi-squared = 2911.4, df = 325, p < 0.001).
Despite these increases, the area within the target elevation ranges had reduced to 37%, and the area
below the target elevation ranges increased to 53% (Figure 16B).

In addition, while surveys of placement areas and control sites showed gains in elevation from 2015 to
2017, the marsh surrounding sediment placement show a loss in elevation (Figure 18). It is unknown how
much of these unexpected results can be attributed to a larger-than-expected error in the surveys and
how much of the results are accurate. Elevation loss around placement areas could be the result of
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compaction during construction activities (like heavy equipment use) or the area being especially
vulnerable to sea-level rise.

Below > Below
Within Within ‘
B Above B Above . ’

A

!

Figure 16. Fortescue: A) 2016 (“as built”) map of areas that were below, within, or above Target
Placement Elevations, and B) 2019 map of areas that were below, within, or above Target Ecological
Elevations. Each Target Elevation was buffered by 0.25 ft above and below to create a range.
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Figure 18. Change in elevation between 2015 (baseline) and 2017 at Fortescue in Control and
Placement areas.

Conclusions

Elevation

The relationship between elevation and vegetation is discussed in Section 5: Vegetation from Plot
Based Monitoring.

The dredged material was generally placed at the Target Dredged Material Placement Elevations
in around 50% of each site. The remainder of the site was generally higher than planned at Ring
Island, lower than planned at Fortescue, and both above and below at Avalon.

In 2019, Ring Island had maintained the initial elevation gain (median increased by 0.55 feet),
Avalon had maintained some of the initial elevation gains (median increased by 0.34 feet), and an
elevation change could no longer be reliably measured at Fortescue (median increase around 0.2
feet).

The current rate of sea level rise in New Jersey is 6 mm/year (Haaf et al. 2016), which is equivalent
to 0.02 feet. Given the median elevation gains at the sites, this suggests that Ring Island, Avalon,
and Fortescue gained 27.5, 16.5, and 10 years, respectively, before they are back to starting
conditions relative to sea level (Table 10).
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Table 10. Elevation gains from placement of dredged material vs
years of resilience against the current rate of relative sea-level rise in

New Jersey.
Site Elevation gains as of | Equivalent number of
2019 (ft) years of SLR
Ring Island 0.55 27.5
Avalon 0.33 16.5
Fortescue 0.20 10

e The Project Team expected to see decreases in elevation over time as the dredged material
dewatered, consolidated, and was redistributed within and outside the placement areas as a
result of daily tides, storms, and wind. Subsidence of the marsh platform under the weight of the
dredged material was also considered a possible contributor to elevation loss. This was especially
likely at Avalon, where most of the site began as pools, many with unconsolidated bottoms. Loss
of some initial elevation gains was observed at Avalon and Fortescue. Some redistribution of
sandy sediments and/or compaction of the marsh in the thin layer placement areas of Ring Island
were observed. The ENH at Ring Island also lost elevation as sand was redistributed or compacted
the marsh surface. It is possible that because the sediment was coarse, it redistributed around
the site rather than completely eroding (for example, a beach formed directly to the east of the
original ENH footprint).

e The nesting platform experienced numerous high-water events but was not overtopped after
construction. Elevations at constructed nesting habitats will need to be maintained over time to
maintain suitable habitat for coastal nesting birds. Suitable nesting habitat is early successional
habitat, so poorly vegetated, sandy habitats are ideal. Periodic elevation refurbishment would
help maintain these conditions. Sediment redistribution elsewhere on the marsh platform may
further enhance adjacent marsh areas by providing additional sediment influx and increasing
marsh accretion.

e Despite most areas of Avalon being close to their Target Ecological Elevations, achieving the
Target Ecological Elevations and even application of dredged material are likely to be major
challenges for sediment addition projects that do not use machinery to contour the dredged
material after it has been placed. This results from the difficulty in predicting consolidation of the
sediment and subsidence of the underlying marsh platform to set Target Placement Elevations as
well as difficulty directing and spreading sediment as it is being placed.

e Based on these results, we can answer the following monitoring questions: 1) Were Target
Ecological Elevations appropriate for the creation of native high marsh plant communities, and 2)
How much does the placed dredged material consolidate over time?

o 1) All projects stated the desire to increase marsh elevation to high marsh, targeting
primarily Spartina patens. Although Avalon and Fortescue had large areas in the target
tidal elevation (between Mean High Water (MHW) and Mean Higher High Water (MHHW)
levels) for Spartina patens and the species was planted at the sites, it did not become the
dominant species. Ring Island did not have specific Target Ecological Elevations but
instead target thicknesses as this was an initial attempt at placing dredged material and
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determining the methodology. On average, we were able to achieve target thicknesses,
although some areas exceeded the target range. This sediment placement resulted in
elevations above the high marsh zone (MHW to MHHW). The Target Ecological Elevations
for Avalon were mixed in terms of appropriate ranges. The Avalon platform was a mixture
of low marsh, high marsh, and nearly upland elevations. This was largely due to the
inconsistency of placement due to the difficulty of directing and spreading sediments.
Fortescue was determined to be largely within high marsh elevations several years after
placement, demonstrating that the Target Ecological Elevation was appropriate.

o 2)RingIsland maintained the initial elevation gain (median increased by 0.55 feet). While
some areas of Avalon compacted, particularly around the ponded habitats, there was an
overall elevation gain of 0.33 feet NAVD88, suggesting that sediments were subject to
horizontal movement rather than vertical. Fortescue demonstrated similar findings, with
an estimated elevation gain of 0.2 feet NAVD88 over time, despite some areas
compacting.

Monitoring Methods

Accurate and consistent topographic surveys were a major challenge for this project. RTK survey
error was expected to be up to 0.16 feet and there was an additional interpolation error when
ArcPro was used to make Digital Elevation Models of the sites. Thin-layer placement projects
targeting under 0.5 feet of elevation gain are likely to have a difficult time documenting elevation
change using current survey methods.

There were differences in the topographic survey methods used at Ring Island and Avalon, making
comparisons between years at the placement areas difficult, especially at Ring Island. When
possible, it would be advisable to use the same survey methods over time. In addition, when using
LiDAR data, it must be corrected for vegetation and standing water.

SETs and marker horizons were installed after sediment was placed on the marsh primarily
because of the uncertainty as to what areas would receive sediment, but also because of tight
dredging timeframes and concerns about damaging the SETs during placement. This was less than
ideal, as the SETs and marker horizons could have been used to look at dredged material
consolidation and subsurface compaction of the marsh. In addition, the marker horizons eroded
at some sites because they were placed on top of dredged sediments that hadn’t stabilized. Plastic
grids were installed with new feldspar marker horizons to allow comparison of the two methods.
At Avalon, it would have been advisable to install permanent platforms to install and monitor the
SETs because the unconsolidated, fine-grained sediments were easily disturbed.
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4. Water Level Monitoring

Metthea Yepsen?, GreenVest, Brittany Wilburn'2
1The New Jersey Department of Environmental Protection, 2Drexel University
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Figure 19. “Generalized plant zonation in northeastern salt marshes: (1) low mash and (2) high marsh.
The high mash can be farther subdivided into several subzones. Pools and depressions called “pannes”
occur within the high mash.” From Tiner 2009.

Surface elevation and marsh topography determine the depth and duration of tidal flooding at a site. Tidal
flooding and other factors determine what vegetation can grow (Figure 19). All three enhancement
projects were targeting high marsh, which generally occurs between Mean High Water and Mean Higher
High Water. Since the placement of dredged material changes the topography and elevation of a marsh,
it is crucial to monitor changes to the tidal flooding regime (i.e., marsh hydrology). Water surface
elevations were continuously measured at Avalon and Fortescue, converted into NAVD88 elevations, and
correlated with the site topographic surveys (Table 11). Tidal datums (e.g., elevations of mean high tide,
mean tide, etc.) and hydroperiod were also calculated using the water level monitoring data using the
available National Tidal Datum Epoch (1983-2001). To account for sea-level rise, water surface elevations
were monitored a second time in 2019 in Avalon, Fortescue, and Ring Island in Middle Township. 2019
data was then used to calculate a new tidal datum based on the 2002-2021 epoch following the NJ Tidal
Wetlands Monitoring Network (NJTMWN) Tidal Datum Calculation SOP?°,

10 A draft version can be requested from the NJ Tidal Wetland Monitoring Network by emailing
DSR.wetlands@dep.nj.gov
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Table 11. Design and metrics used for surface water level monitoring at the Avalon and Fortescue project
sites.

Design Hydrology
B-A-C-I Hydroperiod
Continuous monitoring from February 2015 to Mean Higher High Water (MHHW) Elevation
December 2017 Mean High Water (MHW) Elevation
Mean Tide Level (MTL) Elevation
Additional continuous monitoring from June to Mean Low Water (MLW) Elevation
October or November 2019 Mean Lower Low Water (MLLW) Elevation

Monitoring Design

Surface water elevations were continuously measured by GreenVest at Avalon and Fortescue from
February 2015 through early-December 2017. Measurements include water elevations during baseline
data collection before dredged material placement, during placement, a