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Baseline Monitoring Plan Executive Summary

Introduction

Critical military training and testing on lands along the nation’s coastal and estuarine shorelines are
increasingly placed at risk because of development pressures in surrounding areas, impairments due to
other anthropogenic disturbances, and increasing requirements for compliance with environmental
regulations. The U.S. Department of Defense (DoD) intends to enhance and sustain its training and testing
assets and to optimize its stewardship of natural resources through the development and application of an
ecosystem-based management approach on DoD facilities.

To accomplish the above goal, the Strategic Environmental Research and Development Program
(SERDP) launched the Defense Coastal/Estuarine Research Program (DCERP) at Marine Corps Base
Camp Lejeune (MCBCL) in North Carolina. MCBCL provides an ideal platform for DCERP because it
integrates coastal barrier, estuarine, coastal wetland, and terrestrial ecosystems, all within the boundaries
of DoD properties.

DCERRP is designed to be implemented in two phases. Phase | of the program represents the planning
period and includes the development of an overarching research strategy (Defense Coastal/Estuarine
Research Program Strategic Plan, henceforth referred to as the DCERP Strategic Plan), design of an
ecosystem-based monitoring program (Defense Coastal/Estuarine Research Program Baseline
Monitoring Plan, henceforth referred to as the DCERP Baseline Monitoring Plan), identification of
detailed research projects (Defense Coastal/Estuarine Research Program Research Plan, henceforth
referred to as the DCERP Research Plan), and development of a data repository design. This phase was
conducted between November 2006 and June 2007. Phase 1l of DCERP represents the program’s
implementation period and includes the execution of the DCERP Research Plan through field research;
operation of the long-term ecosystem monitoring system; and collection, management, archiving, and
analysis of data from both the research and monitoring components in the DCERP data repository. The
Phase Il implementation period will start in July 2007 and will last for a minimum of 4 years.

Program Organization

DCERP is a collaborative effort between SERDP, the Naval Facilities Engineering Service Center
(NFESC), MCBCL, and the RTI International (RTI) DCERP Team. The overarching federal management
for DCERP was assigned to NFESC. The DCERP PM is designated by NFESC and identifies the tasks
and responsibilities of the RTI DCERP Principal Investigator (PI). The Pl facilitates coordination with
MCBCL through the DCERP On-site Coordinator (OSC). The DCERP OSC and MCBCL environmental
managers will assist the DCERP PM and DCERP PI with the coordination of environmental monitoring
and research activities on the Base.

Two committees will provide guidance and input to DCERP. The first, the Technical Advisory
Committee (TAC), is a group of discipline experts assembled by the DCERP PM to provide scientific and
technical review to ensure the quality and relevance of DCERP. The second committee, the Regional
Coordinating Committee (RCC), is a group of local and regional stakeholders that serves as one of the
recipients of outreach from MCBCL, the DCERP PI, and SERDP.

The RTI DCERP Team includes the P, other environmental scientists from RTI, and researchers from the
University of North Carolina Institute of Marine Sciences, North Carolina State University, University of
North Carolina at Wilmington, Duke University, Virginia Institute of Marine Sciences, Virginia Tech,
University of South Carolina, National Oceanic and Atmospheric Administration (Center for Coastal
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Fisheries and Habitat Research, Beaufort, NC), U.S. Geological Survey (Raleigh, NC, office), URS
Corporation, and Porter Scientific, Incorporated.

DCERP Overarching Strategy

The RTI DCERP Team has designed an integrative monitoring, modeling, and research strategy for
MCBCL that is consistent with guidance on ecosystem-based management from the Ecological Society of
America and recent recommendations from the U.S. Commission on Ocean Policy, including principles
of adaptive management. This ecosystem-based management strategy will focus on the joint sustainability
of military activities and fundamental ecosystem functions and services. The strategy will be designed
around specific, quantifiable goals related to the status of resources (training and testing areas) that are
central to the military mission of MCBCL.

MCBCL'’s Natural Resources Management

The mission of MCBCL is to provide military training that promotes the combat readiness of operating
forces, and all natural resources management activities on the Base must support this mission. As a
military installation, MCBCL has needs or drivers that must be satisfied for the installation’s readiness
mission to continue without significant disruption. Additionally, MCBCL must comply with related
environmental laws and regulations, such as the federal Endangered Species Act (ESA) and Clean Water
Act (CWA), to ensure continuance of the military mission.

Conceptual Model Development

To facilitate the understanding of the ecosystem state and dynamics of the MCBCL region necessary to
complete Phase I, the RTI DCERP Team developed an overarching conceptual model for the MCBCL
region. This model includes the terrestrial lands of MCBCL, the New River Estuary (NRE), associated
coastal wetlands, and the coastal barrier along Onslow Bay, as well as the overarching influence of
atmospheric conditions on the region (Figure ES-1).

depasition
QL oot SOA and O,
air [ water

ir i
landing ceaft training  intorface

Figure ES-1. Overarching conceptual model for DCERP at MCBCL.
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As an initial step in the planning effort, the overarching conceptual model was subdivided into four
ecological modules: Aquatic/Estuarine Module, Coastal Wetlands Module (land-estuary margin), Coastal
Barrier Module, and Terrestrial Module. These modules are linked to each other and to local and regional
disturbances and pollutant sources of anthropogenic origin via atmospheric and aquatic transport
mechanisms. Because the atmosphere has an overarching influence on all four ecosystem modules, it is
treated as a fifth module (Atmospheric Module A sixth module (Data Management Module) involves a
diverse group of specialists whose expertise will cut across all of the other modules to coordinate data
management procedures for the DCERP data and information management system, which consists of
three distinct systems: the Monitoring and Research Data Information System (MARDIS) for structured
data, a Document Database for unstructured data, and the DCERP Web sites (consisting of a public Web
site and a private collaborative Web site). The work conducted for the Data Management Module will
include coordination of geospatial data, statistical analysis, and model integration. The RTI DCERP Team
involves the participation of six module teams, one for each module, conducting monitoring and research
activities under the direction of a Module Team Leader and Co-leader.

In addition to the overarching conceptual model depicted above, each of the ecosystem teams has
developed a detailed conceptual model for their module. These individual conceptual models were
developed to identify the key biological, chemical, and physical processes of the ecosystem, as well as the
military, non-military, legacy, and natural ecosystem stressors that may affect the ecosystem.

Integrated Ecosystem-Based Management Approach

After developing the individual conceptual models early in Phase | of the program, the DCERP module
teams identified knowledge gaps in the conceptual models and determined MCBCL management needs.
The module teams then determined potential research questions to fill these knowledge gaps and to
address MCBCL management needs. This DCERP Baseline Monitoring Plan is designed to gather
environmental data to address MCBCL management concerns and to support the research projects
identified in the Research Plan. During Phase I, results from research projects will feed back into this
adaptive DCERP Baseline Monitoring Plan so that changes in the frequency and intensity of sampling,
spatial scale of sampling locations, or parameters to be sampled can be made as necessary. Results from
the monitoring and research efforts will be used to identify ecosystem indicators and to develop
associated threshold values, tools, or design models that address MCBCL management needs. Once this
information is transitioned to MCBCL, the Base’s natural resources managers will be able to make
decisions about what type of management actions should be taken and then implement appropriate
actions. After implementing these actions, the RTI DCERP Team will continue monitoring (feedback
loop) to ensure that the desired management outcomes are achieved. This planning and implementation
process is shown in Figure ES-2.
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Figure ES-2. DCERP planning and implementation process flow chart.

Purpose of the Baseline Monitoring Plan

The purpose of this DCERP Baseline Monitoring Plan is to describe the baseline monitoring program that
will be conducted at MCBCL to provide an historic reference of selected environmental parameters. The
baseline monitoring data to be collected include the following:

= Basic fundamental parameters that support the broader ecosystem-based research agenda
= Parametersthat provide data useful to more than one ecosystem module

= Parameters that must be monitored intensively and/or continuously for a minimum of 5-10 years
to determine trends and natural variability.

The baseline monitoring program is seen as an adaptive program, in which monitoring may be adjusted
over time in response to weather events, the availability of more efficient methods, and new information
gained from ongoing monitoring and research efforts. At the end of the DCERP contract, it is the ultimate
goal to transition to MCBCL a scaled-down version of the baseline monitoring program that identifies
key measurement parameters for continued monitoring.

Summary of Monitoring Activities

Theindividual conceptual models for each ecosystem module have been used to identify knowledge gaps
in the understanding of key ecosystem processes. DCERP Module Team L eaders have selected
monitoring activities for inclusion in the baseline monitoring program that fill these knowledge gaps and
address key Base management concerns. Table ES-1 provides a summary of the module-specific
monitoring activities proposed for the 4 implementation years.
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Table ES-1. Summary of Module-Specific Monitoring Activities

Module Activities
Coastal Hydrodynamics: Wave velocity, wave heights/period, currents, shoreline position, morphology, and
Barrier sediment volume.

Meteorology (ocean): Air temperature, wind velocity, barometric pressure, humidity, solar radiation
Sedimentology: Texture, compaction, composition
Biology: Benthic invertebrates, shorebirds/seabirds, dune/shrub/marsh vegetation, sea turtles

Aquatic/ Hydrodynamics: Stream flow and discharge (New River and tidal creeks)

Estuarine® Chemistry: Nutrients, salinity, pH, oxygen, temperature (New River, NRE, tidal creeks)
Sedimentology: Total suspended solids (New River, tidal creeks), turbidity (NRE)
Biology: Primary productivity, phytoplankton, fluorescence (NRE)

Coastal Landcover and shoreline erosion: Location, elevation

Wetlands Hydrodynamics: Tide gauges (hydroperiod)

Chemistry: Nutrients, salinity, hydraulic conductivity (shallow ground water)
Sedimentology: Accretion rates, organic content, particle size

Terrestrial Land cover/land use: Determine changes in land cover/land use (vegetation types, buildings, roads)
and determine military training impacts

Biology: Vegetative community assessment, fuel load
Soil: Soil bulk density, pH, organic matter content

Atmospheric | Meteorology (air): Wind speed, wind direction, relative humidity, temperature, radiation, precipitation
EPA Criteria Pollutants: Ozone, fine particulate matter (mass), sulfur dioxide

& Sedimentology, chemistry, and biology of the NRE benthic zone are characterized in the research program.

The DCERP baseline monitoring program also includes monitoring components that are general (not
modul e-specific). The general monitoring includes several different types of environmental sampling that
will provide data that are vital to all of the modules and will provide a holistic understanding of the

Base' s ecosystems. These general types of monitoring activities include the following:

» Land-based and sea-based meteorological datathat will be acquired from the National Weather
Service, UNC-Wilmington's Coastal Ocean Research and Monitoring Project, and on-site
MCBCL meteorological stations, aswell as meteorological data collected by the Atmospheric
Module Team.

= Land-cover/land-use datathat will be acquired from Landsat, IKONOS, Light Detection and
Ranging (LIDAR), and MCBCL by the Terrestrial Module Team to conduct an analysis of land
cover, land-use changes, and military activities.

Monitoring activities for the five ecological modules, including background information on the module,
the knowledge gaps in the conceptual model that the monitoring data will fill, and the individual
monitoring activities that are proposed for implementation, are discussed in this Baseline Monitoring
Plan. Table ES-1 summarizes the DCERP monitoring activities, and Figure ES-2 illustrates the location
of the monitoring sites. This document provides specific design information for each of the monitoring
activities, such as the objectives; methods; data analysis and outcomes; relevance to MCBCL ; and
linkages within the module and among the other modules for each of the 4 implementation years.
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Figure ES-2. Proposed sample locations for DCERP’s Baseline Monitoring activities.

Integration of Monitoring and Research

Appropriate data from the DCERP baseline monitoring program, as well as data from MCBCL
environmental monitoring activities and other local, state, federal, and private monitoring activities, will
be incorporated into the research program to provide an integrated approach to ecosystem-based
management and to alleviate redundancy of data collection. Schedules and site locations for monitoring
activities will be coordinated with the research program to ensure that linkages between the baseline
monitoring sites and the research projects are maintained. Results from the research projects will feed
back into this adaptive DCERP Baseline Monitoring Plan so that changes in the frequency of sampling,
spatial scale of sampling locations, or parameters being sampled can be made as necessary (Figure ES-3).
The models, tools, and indicators that are designed, developed, tested, and verified as part of the Baseline
Monitoring and Research plans can be transitioned to MCBCL to assist in monitoring and forecasting
ecosystem changes. In addition, it is a goal of DCERP to disseminate research results and information
from associated models, tools, and indicators to MCBCL, as well as to other users groups, such as other
DoD installations in similar ecological settings, the scientific community, other stakeholders (e.g. New
River Roundtable or Onslow Bight Conservation Forum), and the general public.
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Figure ES-3. Generic roadmap of the integrated monitoring and research plans and the
development of model tools and indicators.

Table ES-2 illustrates the overall linkages among the module-specific baseline monitoring activities and
the individual research projects. For example, as can be seen from the bullets on the table, monitoring
activities for the Aquatic/Estuarine Module will provide important monitoring data for the
Aguatic/Estuarine Module research projects, as well as for the research efforts of the Coastal Wetlands
and Coastal Barrier modules. Because the Atmospheric Module will conduct the general meteorological
monitoring effort, and this data is important to all of the research efforts, it is identified as being linked to

all of the research projects.
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Table ES-2. Linkages among the Module-Specific Monitoring Activities
and Research Projects

AE-1| AE-2 | AE-3 |[CW-1|CW-2|CW-3|CB-1|CB-2|CB-3| T-1 | T-2 | Air-1 | Air-2
Aquatic/Estuarine - - - n n m n
Monitoring
Coastal Wetlands - - - - n n |
Monitoring
Coastal Barrier - - - - - n n n = [ [
Monitoring
Terrestrial - - - = n m n [ ] [ u = u
Monitoring
Atmgspheric - - n n n n n n (] [ ] ] [ ] ]
Monitoring

Data Management Module

The backbone of the DCERP research, modeling, and management tools will be environmental data
collected throughout the duration of the program. The types and volumes of baseline data that currently
exist (historical data) and that will be collected during the DCERP monitoring and research programs are
extensive. It is essential that a comprehensive data management plan be developed and implemented to
ensure that these data are accessible to researchers across modules. General categories of data to be
collected and managed include the following: structured data (e.g., monitoring and research data),
unstructured data (e.g., Web sites, reports, and publications), and spatial data (e.g., vector and raster).

The Data Management Module will develop a data and information management system to support the
other DCERP modules. The DCERP data and information management system will consist of three
distinct systems: the Monitoring and Research Data Information System (MARDIS), a Document
Database, and the DCERP Web sites (consisting of a public Web site and a private collaborative Web
site). MARDIS will store and manage the data collected by the DCERP module teams, and the Document
Database will store unstructured data, such as documents, for easy retrieval by the DCERP Team.

Transitioning Monitoring Program to MCBCL

The DCERP baseline monitoring program was designed with the goal of transitioning a scaled-down
version of the program to MCBCL at the end of the project (or sooner, if the Base management so
desires). MARDIS will standardize the storage of monitoring data, and the results will be summarized in
quarterly and annual reports and submitted to SERDP and MCBCL. Six months prior to the completion of
DCERP, the RTI DCERP Team will work with Base personnel to begin transitioning this DCERP
Baseline Monitoring Plan to MCBCL. This transition will involve hands-on training for MCBCL staff in
the use of the equipment, including the transfer of all SOPs and an overview of data analysis procedures
and reporting. Ultimately, all monitoring activities and data collected as part of DCERP will be
transitioned to the Base.

Measures of Success/Outcomes

The successful implementation of DCERP will foster a greater understanding of the biologically diverse
aquatic/estuarine, coastal wetland, coastal barrier, and terrestrial ecosystems of MCBCL; the Base’s air
quality; and the interactions of these systems with military training activities. This understanding will aid
in the long-term management and sustainability of MCBCL’s ecosystems, thereby enhancing and
maintaining MCBCL’s military mission. Information and data resulting from DCERP monitoring efforts
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will increase the ability of natural resources managers to perform assessments and implement appropriate
management responses to potential environmental impacts arising from military activities or natural

disturbance events. In addition, the DCERP monitoring metrics and techniques will likely be transferable
to other DoD sites in ecologically similar settings.

Measurements of DCERP’s success will come from assessing whether the program’s outcomes were
achieved in a timely manner. The outcomes defined for DCERP can be grouped into two main categories:

=  Programmatic—Includes administrative requirements, such as delivering required documents on
schedule and on budget, ensuring that the project Web site is developed and functioning, meeting
SERDP quarterly and annual reporting requirements, and providing timely and effective feedback
to MCBCL and outreach to stakeholders.

= Project specific—In some cases, these outcomes provide information to address environmental
issues that are currently impacting Base operations. Other monitoring efforts were designed to
provide outcomes relevant to issues that are currently known and that are anticipated to impact
Base operations in the next 3-5 years. In addition, the majority of DCERP research and
monitoring activities will provide information necessary to gain a complete understanding of

ecosystem functions, which will better prepare the Base managers to address future

environmental issues.

Project-specific outcomes associated with individual monitoring efforts are provided in Table ES-3.
Specific programmatic and overarching strategic outcomes are included in the DCERP Strategic Plan.

Table ES-3. Important Outcomes of Module-Specific Monitoring Activities

Monitoring
Activity

Aquatic/Estuarine Module Outcomes

Completion
Date

New River
Monitoring

River discharge and tide data will be used for placing nutrient and sediment
samples in the appropriate hydrologic and tidal context.

June 2010;
ongoing

To distinguish upstream inputs from Base sources, river discharge, nutrient,
and sediment data will be used in the hydrodynamic models developed in
Research Projects CB-1 and CB-2 and the Watershed Simulation Models
(WSMs) and Estuarine Simulation Model (ESM) developed in Research
Projects AE-1, AE-2, and AE-3 to compute the daily loadings of nutrients
and sediment being transported into the estuary from upstream sources.

June 2010;
ongoing

Tidal Creek
Monitoring

Water velocity, nutrient, and suspended particle data will be used to
estimate loadings of nutrients and sediments. Nutrient and sediment loading
rates from creeks will be used in hydrodynamic models developed in
Research Projects CB-1 and CB-2 and the WSMs and ESM developed in
Research Projects AE-1, AE-2, and AE-3.

June 2011

Suspended sediment loads will be used in the Marsh Elevation Model
(MEM2) developed in Research Project CW-1 because these loading
represent an importation source for marsh accretion. Thresholds for
minimum sediment loading required to support MCBCL marsh accretion will
be assessed.

June 2011

New River Estuary
- Water Column
Chemistry

Water velocity and nutrient and particle suspensions will be used to
estimate flux and loading of nutrients and sediments to the NRE. Nutrient
and sediment loading rates will be applicable to the WSMs and ESM
developed in Research Projects AE-1, AE-2, and AE-3.

June 2011

Suspended sediment loads will be used in the MEM2 developed in
Research Project CW-1 because these loadings represent an important
source for marsh accretion.

June 2011

New River Estuary
- Water Column

Maps of primary production, phytoplankton biomass, and harmful algal
blooms (HABSs) will be developed.

June 2008;
ongoing
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Monitoring Completion
Activity Aquatic/Estuarine Module Outcomes Date
New River Estuary | The space-time relationships between nutrient, sediment, and other June 2008;
- Primary contaminant inputs, and phytoplankton production responses under variable | ongoing
Producers hydrologic conditions will be examined.
Chlorophyll a and associated results will be used in the ESM being June 2011
constructed in Research Project AE-3 and the Bayesian Probabilistic Model
being developed in Research Project AE-1.
Phytoplankton results will be formatted to serve as calibration and June 2010;
verification data for remote-sensing efforts aimed at scaling up production ongoing
and HAB dynamics to the entire estuary.
Indicators for chlorophyll a and associated physical-chemical parameters June 2008;
will be used to identify NRE sites with healthy, transitional, and poor ongoing
condition. These indicators will identify areas of the NRE that meet North
Carolina and EPA acceptable water quality standards for estuaries.
Monitoring Completion
Activity Coastal Wetlands Module Outcomes Date
Land Cover and Distribution of coastal wetlands along salinity, wave exposure, and elevation | June2011
Shoreline Erosion gradients will be determined, and this data will be used in ecosystem
models to predict how changes in environmental variables, sea-level rise, or
disturbance may alter distribution of NRE coastal wetlands.
Maps and GIS layers of marsh distribution and species composition, June 2008;
elevations, shoreline delineation, and wave energy will be developed to ongoing
identify shoreline areas vulnerable to erosion.
Marsh Surface Spatial and temporal variation in marsh elevation change and accretion June 2011
Elevation rates will be incorporated into a MEM2, developed in Research Project CW-
1, which will forecast coastal wetland response to sea-level rise and nutrient
additions, and a Shoreline Erosion Model (NRESE developed in Research
Project CW-2) that forecasts NRE shoreline erosion
Water level data will be used in combination with marsh elevation September
distribution to calculate flooding times (hydroperiod) for coastal wetlands. 2009;
ongoing
Marsh Water/nutrient fluxes will be estimated first by using a groundwater flow January
Groundwater and model calibrated with hydraulic head, hydraulic conductivity, and salinity. 2010
Nutrients Then, a Coupled Water and Salt Mass Balance Model will be constructed to
independently quantify all components of the marsh water budget
(developed in Research Project CW-3).
The coastal wetland piezometer networks will determine water flowpath December
direction, velocity, flux rates, and water-residence times. 2008
The water budget of the marsh subsurface depends on tidal and shallow January
groundwater-forcing functions. The magnitude of these forcing functions 2010

changes seasonally with the rise and fall of the water table and tidal
amplitude. Nutrient inventory changes primarily seasonally in response to
temperature. The flowpath direction, velocity, fluxes, and residence times
for water and nutrients can be correlated to water table height, tidal range,
and temperature. Collectively these parameters should serve as a metrics
or tool for the future assessment of seasonal marsh connectivity to, and
moderation of nutrient loads from, the adjacent watershed and estuary.
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Monitoring
Activity

Coastal Barrier Module Outcomes

Completion
Date

Hydrodynamics
(Oceanographic
data)

Data will be analyzed using traditional time-series analysis, as well as
wavelet analysis techniques (Fourier Transform Analysis), to decipher key
tidal frequencies, their amplitudes, and their contributions to the variability of
flow within this system. This information will be used in the ADvanced
ClIRculation (ADCIRC) model developed by the Coastal Barrier Module’s
research projects.

June 2010

Hydrodynamics
and Nearshore
Bathymetry

Geo-rectified maps of the shoreline and nearshore sandbars will be
developed using mobile radar data. These data will facilitate an
understanding of sediment transport pathways and recovery from storms or
military operations on Onslow Beach.

June 2009;
ongoing

Shoreface
Bathymetry

Shoreface bathymetry maps will be developed in geo-rectified formats using
high-density, 3-D point data. These maps will illustrate sediment volume
changes through time, providing an understanding of sediment-transport
processes. The bathymetry data will be used in the Short-term Barrier
Evolution and Long-term Barrier Evolution models being developed in
Research Projects CW-1 and CW-2, respectively.

June 2009;
ongoing

Barrier Morphology

Barrier topography maps will be developed in geo-rectified formats using
high-density, 3-D point data. Maps showing sediment-volume changes
through time will be produced, indicating areas vulnerable to storm surge
and sea-level rise.

June 2009;
ongoing

Maps showing changes in the position of the foreshore/backshore and
backshore/dune transitions and the aerial extent of these environments will
be produced.

June 2009;
ongoing

Sediment Texture

A summary report will be developed that provides graphs of sediment
texture (individual weight percent versus diameter) for each sediment
sample. Maps showing changes in sediment texture through time will be
developed. Changes in sediment texture will be used as an indicator of
habitat quality and extent. For example, foraging success, turtle-nesting site
locations, and sediment transport are all controlled, in part, by sediment
texture.

June 2009;
ongoing

Benthic
Invertebrates

The mean density and abundance of benthic invertebrates along the barrier
will be quantified and evaluated with respect to wave energy and sediment
transport, sediment composition, and shorebird feeding and nesting
success. A report will be developed that summarizes these results.

June 2011

A reliable index of habitat value for foraging shorebirds and surf fishes that
is based upon the biomass of key prey taxa of benthic macroinvertebrates
will be developed.

June 2011

Surf Fish and Sea
Turtles

Data on abundances of surf fishes will be compiled as means of each
species per site. Effects of disturbance levels along the beach on surf fish
abundance (total and by species) will be determined and summarized in a
report.

June 2011

An evaluation of the factors determining whether site selection for sea turtle
egg laying and hatching success varies significantly with the presence of
erosion scarps, foredunes of various elevations, sediment grain size, shell
content of sediments, and sediment hardness will be conducted, with the
results presented in a summary report.

June 2011

An interdisciplinary evaluation of the site-specific need for beach
nourishment based on shoreline erosion rates will be presented in a report.
Guidance on the range of sediment types that preserve habitat value for
nesting sea turtles and feeding and nesting of key shorebirds and guidance
on whether to restore the dune line during beach nourishment will also be
presented in a report.

June 2011
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Monitoring Completion
Activity Coastal Barrier Module Outcomes Date
Shorebirds and Data on bird abundance and reproductive indices will be analyzed and June 2011
Seabirds linked to the various ecosystem components of the coastal barrier. A
summary report that presents these analyses will be prepared.
Monitoring Completion
Activity Terrestrial Module Outcomes Date
Plant species Tree density and volume, herbaceous cover and diversity, and fuels will be June 2010
composition, determined for each plot using the standard summary statistical metrics.
diversity, and Compositional variation among individual plots will be assessed using PC-
distribution ORD software.
Spatial and temporal vegetation change data (e.g., composition, diversity, June 2010
fuel loads) will be evaluated using Mantel and partial Mantel models
(Research Project T-1). A detailed model relating species diversity and
surface fuels to site conditions and disturbance history will be developed.
Fuel load measures will be used in the U.S. Forest Service National Fire June 2010
Danger Rating System (NFDRS) model (Research Project T-1) to assess
plot and area fire risk.
Assessment of GIS datalayers of historic (early 1980s) and existing landcover, topographic | June 2008
Land use/Land LIDAR, Landsat, and hydrography NHD+ data will be compiled.
cover Change Integration of military use data with land-cover change analysis will be June 2008
conducted to provide use statistics for micro watersheds.
A spatially explicit map and dataset of land-use change for the New River June 2009;
watershed will be developed using historic and current Landsat data and ongoing
updated as needed.
A land cover change report will be develop encompassing the initial 4-year June 2011
period of DCERP.
Monitoring Completion
Activity Atmospheric Module Date
Air Quality A reliable, temporally, and spatially highly resolved set of air quality and June 2009

meteorological data for both the local MCBCL area and surrounding area
(within 100 km radius) will be developed.
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1.0 Introduction

The U.S. Department of Defense (DoD) intends to enhance and sustain its training and testing assets and
to optimize its stewardship of natural resources through the development and application of an ecosystem-
based management approach on DoD facilities. DoD policy has established ecosystem-based management
as the preferred approach for military lands (Goodman, 1996). This management approach will focus on
sustaining and enhancing military operations by monitoring and managing the interdependent natural
resource assets on which the future of those operations depend. To expand its commitment to improving
military readiness while demonstrating the science behind this approach, the Strategic Environmental
Research and Development Program (SERDP) has made a long-term commitment of at least 10 years to
fund research and monitoring projects that support the sustainability of military training and testing in
ecologically and economically important ecosystems.

To accomplish the above goal, SERDP has launched the Defense Coastal/Estuarine Research Program
(DCERP) at Marine Corps Base Camp Lejeune (MCBCL) in North Carolina. (Note: DCERP is the
second such program to use an ecosystem-based management approach — the first is the SERDP
Ecosystem Management Project, which has been ongoing at Fort Benning, GA, since December 1997.)
MCBCL provides an ideal platform for DCERP because it integrates coastal barrier, estuarine, coastal
wetland, and terrestrial ecosystems, all within the boundaries of DoD properties.

MCBCL was chosen as the DCERP site for a variety of reasons, including the following:

= The New River Estuary (NRE) watershed, which borders the site, is relatively small and,
therefore, manageable

=  MCBCL occupies a substantial portion (~80%) of the NRE shoreline

= A barrier island/coastal dune system occurs within MCBCL’s boundary and provides a unique
amphibious assault training environment

= The variety of ongoing military operations at MCBCL enables researchers to examine training
impacts on a broad range of ecosystems, from upland pine savannas to aquatic/estuarine waters to
coastal barriers.

Figure 1-1 provides a map of MCBCL in Onslow County, NC, and the surrounding watershed area.
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Figure 1-1. Site map of MCBCL.

As stated in the initial DCERP Strategy, “The overall intent of the DCERP is to develop the knowledge
required to assess the interaction between military activities and ecological resources in a
coastal/estuarine setting, monitor those interactions, and identify adaptive, ecosystem management
approaches for sustainment of military lands and adjacent waters” (SERDP, 2005). DCERP is designed
to conduct relevant research and monitoring, develop and apply indicators, and provide MCBCL resource
managers with assessment tools and criteria in support of ecosystem management.

RTI International (RTI), headquartered in Research Triangle Park, NC, is leading the DCERP research
and monitoring effort. RTI has assembled a diverse team of experts in relevant disciplines of
environmental science with many years of experience working together on interdisciplinary coastal,
estuarine, and terrestrial ecosystem projects. The RTI DCERP Team will address the initial DCERP
Strategy by developing monitoring approaches and identifying key ecological processes through research
and modeling studies, all with the goal of supporting the practice of ecosystem management at other
coastal DoD installations in similar ecological settings.

DCERP is designed to be implemented in two phases. Phase I of the program represents the planning
period and includes the development of an overarching research strategy (Defense Coastal/Estuarine
Research Program Strategic Plan, henceforth referred to as the DCERP Strategic Plan), design of an
ecosystem-based monitoring program (Defense Coastal/Estuarine Research Program Baseline
Monitoring Plan, henceforth referred to as the DCERP Baseline Monitoring Plan), identification of
detailed research projects (Defense Coastal/Estuarine Research Program Research Plan, henceforth
referred to as the DCERP Research Plan), and development of a data repository design.
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Phase II of DCERP represents the program’s implementation period and includes the execution of the
DCERP Research Plan through field research; operation of the long-term ecosystem monitoring system;
and collection, management, archiving, and analysis of data from both the research and monitoring
components into the DCERP Monitoring and Research Data Information System (MARDIS).

The Phase I planning period for DCERP was conducted between November 2006 and June 2007. The
Phase Il implementation period will start in July 2007 and will last for a minimum of 4 years.

2.0 Program Organization

DCERP is a collaborative effort between SERDP, the Naval Facilities Engineering Service Center
(NFESC), MCBCL, and the RTI DCERP Team selected to execute the objectives of SERDP’s Ecosystem
Management Project. Figure 2-1 illustrates the overall organization and lines of communication of
DCERP.

SERDP Regional
SI Program Manager Coordinating
Dr. John Hall Committee (RCC)
EI\T gﬁ?sl-l i NFESC DCERP Technical
Tkl Townson Program Manager Advisory
: Leslie Karr, P.E. Committee (TAC)
Bill Rogers
NFESC DCERP RTI International
On-site Coordinator Principal Investigator Quality Assurance
Susan Cohen Dr. Patricia Cunningham
Aquatic/Estuarine Coastal Barrier Coastal Wetlands Terrestrial
Dr. Hans Paerl Dr. Charles Peterson Dr. James Morris Dr. Marman Christensen
Dr. Iris Anderson DCr. Antonio Rodriguez Dr. Carolyn Currin Dr. Jeffrey Walters
Cross-Cutting Areas
Atmospheric Data Management (GIS & Statistics)
Dr. Karsten Baumann -
Dr. Wayne Robarge Data Repository Models & Tools
Bill Wheaton Dr. Pat Halpin
Dr. Pat Halpin Eill Wwheaton

Figure 2-1. Organization of DCERP.

SERDP is an environmental research and development program, planned and executed by the DoD in full
partnership with the U.S. Department of Energy (DOE) and the U.S. Environmental Protection Agency
(EPA). The SERDP Sustainable Infrastructure (SI) Program Manager (PM), Dr. John Hall, ensures that
DCERP activities provide for the enhanced knowledge of ecosystem and military interactions within
approved scopes of work and budgets. The overarching federal management for DCERP was assigned to
NFESC. The DCERP PM, Ms. Leslie Karr, is designated by NFESC and identifies the tasks and
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responsibilities of the RTI DCERP Principal Investigator (PI), Dr. Patricia Cunningham. As PI, Dr.
Cunningham facilitates coordination of the RTI DCERP Team with MCBCL through the DCERP On-site
Coordinator (OSC), Ms. Susan Cohen. At MCBCL, the DCERP OSC, the Director of the Environmental
Management Division, Mr. John Townson, and the Head of the Environmental Conservation Branch, Mr.
Bill Rogers, assist the DCERP PM and DCERP PI with the coordination of environmental monitoring and
research activities on the Base. The DCERP OSC is the primary point of contact between MCBCL and
the RTI DCERP Team.

Two committees will provide guidance and input to the RTI DCERP Team. The first, the Technical
Advisory Committee (TAC), is a group of discipline experts assembled by the DCERP PM to provide
scientific and technical review to ensure the quality and relevance of DCERP. The TAC directs all
questions and comments to the DCERP PM. The second committee, the Regional Coordinating
Committee (RCC), is a group of local and regional stakeholders that serves as one of the recipients of
outreach from MCBCL, the DCERP PI, and the SERDP PM.

The DCERP PI is responsible for the overall scientific quality, cohesiveness, and relevance of the DCERP
Baseline Monitoring Plan and DCERP Research Plan. In addition, the DCERP PI is the primary point of
contact for SERDP and MCBCL and coordinates all DCERP activities conducted at MCBCL through the
DCERP OSC, Ms. Cohen. The RTI DCERP Team has been organized into six module teams based on the
ecosystem-based management objectives for the program. Each module team falls under the direction of a
Module Team Leader and Co-leader. These module teams conduct monitoring and research activities for
DCERP’s five ecosystem modules (Aquatic/Estuarine Module, Coastal Barrier Module, Coastal Wetlands
Module, Terrestrial Module, and Atmospheric Module) and the Data Management Module. This DCERP
Baseline Monitoring Plan builds on the approach established in the DCERP Strategic Plan and provides
details on the monitoring program proposed for each ecosystem module, as well as how the monitoring
program will be integrated with the research projects. The six ecosystem modules will be discussed in
further detail in Section 6 of this plan (Module-Specific Baseline Monitoring).

3.0 DCERP Overarching Strategy

The RTI DCERP Team has designed an integrative monitoring, modeling, and research strategy for
MCBCL that is consistent with guidance on ecosystem-based management from the Ecological Society of
America (Christensen et al., 1996) and recent recommendations of the United States Commission on
Ocean Policy (2004), including principles of adaptive management (Walters, 2001). This strategy
transcends air-land-water boundaries to better understand the causes and nature of ecological and
environmental change across the region, as well as locally at MCBCL. Based on interconnectivity, this
strategy helps separate the underlying natural (e.g., climatic or biogenic) and anthropogenic regional
processes from locally driven changes; identifies stressor-specific indicators of ecosystem status that
provide early warning of ecosystem degradation; and specifies critical thresholds for indicators of
potential state shifts that could threaten sustainability. A threshold is a point at which further degradation
in ecosystem condition will result in the system’s inability to return to its initial state without significant
intervention (SERDP, 2005). The biological, chemical, geological, and physical ecosystem processes are
summarized in scientifically rigorous conceptual models; these models incorporate an understanding of
the dynamic processes that interconnect ecosystem components in often complex ways. Figure 3-1
presents the overarching conceptual model for the MCBCL region, which includes the terrestrial lands of
MCBCL, the NRE, associated coastal wetlands, and the coastal barriers along Onslow Bay, as well as the
overarching influence of atmospheric conditions.
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Figure 3-1. Overarching conceptual model for DCERP at MCBCL.

To facilitate an understanding of the ecosystem state and dynamics of the MCBCL region, the RTI
DCERP Team subdivided the ecosystem into four ecological modules for monitoring, modeling, and
research: the Aquatic/Estuarine Module, Coastal Wetlands Module (land-estuary margin), Coastal Barrier
Module, and Terrestrial Module. These modules are linked to each other and to local and regional
disturbances and pollutant sources of anthropogenic origin via atmospheric and aquatic transport
mechanisms. Because the atmosphere has an overarching influence on all four ecosystem modules, it is
treated as a fifth module (Atmospheric Module). Individual conceptual models for each of the modules
are presented in Section 6 (Module-Specific Baseline Monitoring).

The ecosystem-based management strategy will focus on the joint sustainability of military activities and
fundamental ecosystem functions and services. The strategy will be designed around specific quantifiable
goals related to the status of resources (training and testing areas) that are central to the military mission
of MCBCL. Assessments of how to manage military activities in ways that sustain the value of natural
ecosystem assets will be regularly delivered to MCBCL natural resources managers. In addition, these
assessments will be integrated into the ecological conceptual models, biogeochemical syntheses, and
environmental and geographic information systems (GIS) databases that will be perpetuated as a legacy of
MCBCL’s commitment to environmental sustainability.

A sixth module, the Data Management Module, involves a diverse group of specialists whose expertise
will cut across all of the other modules to coordinate data management procedures for the DCERP data
repository, including coordination of geospatial data, statistical analysis, and model integration. The Data
Management Module involves both a data and information management systems component, which
includes the data repository (MARDIS), and a models and tools component. SERDP conceived MARDIS
as being developed to facilitate the collection and storage of environmental data collected by the RTI
DCERP Team, as well as to be the permanent repository for research and monitoring data collected
during the DCERP implementation. The models and tools component provides the ultimate cross-cutting
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function of integrating the simple models, developed in the individual research projects, into integrated
management models.

During the first few years of the program, the RTI DCERP Team will develop models and management
tools that reflect advances in GIS and spatial and time-series modeling and biological, chemical, and
physical processes. This development will be supported by resources allocated to the individual modules.
In later years, however, development of calibrated, tested, and operational management models will be
proposed for funding as part of the Data Management Module. Management models need to be usable by
natural resource and watershed managers and fully tested so they are of known reliability; therefore, these
models will be archived in the data repository for development and final calibration and testing before
they are made available to MCBCL.

3.1 MCBCL’s Natural Resources Management

The mission of MCBCL is to provide military training that promotes the combat readiness of operating
forces, and all natural resources management activities on the Base must support this mission. An
introduction to the military operations of MCBCL is provided in Appendix A. As a military installation,
MCBCL has needs or drivers that must be satisfied for the installation’s readiness mission to continue
without significant disruption. Additionally, MCBCL must comply with related environmental laws and
regulations, such as the federal Endangered Species Act (ESA) and the Clean Water Act (CWA), to
ensure continuance of the military mission. To ensure such compliance, MCBCL has adopted an
Integrated Natural Resources Management Plan (INRMP) (MCBCL, 2006a), which outlines the Base’s
conservation efforts and establishes procedures for fiscal years 2007 through 2011. One goal of the
INRMP is to minimize future training restrictions (no net loss in the ability to train) by increasing
integration between natural resources management planning, training, and operations. It is the goal of
DCERP to assist MCBCL in achieving this goal.

Unique to MCBCL are installation-specific drivers that are defined by the Base’s mission and geographic
location, land uses to support the mission, and natural resources affected by the mission. Identification of
the primary military drivers at the Base provided the basis for establishing six natural resource
management objectives for MCBCL’s INRMP (MCBCL, 2006a). These six natural resources
management objectives are the following:

1. Preserve the integrity of the amphibious maneuver areas, including Onslow Bay, the NRE, and
the adjoining training areas and airspace of MCBCL.

2. Preserve the integrity of MCBCL as a combined-arms training base by ensuring the continued
viability of its impact areas and associated training ranges.

3. Enhance future training uses of MCBCL ranges, training areas, and airspace by fully integrating
the Land Use Master Plan (MCBCL, 2005) and Range Transformation Plan (MCBCL, 2006b).

4. Ensure that MCBCL supports all required military training activities while complying with the
ESA and other wildlife requirements.

5. Ensure that MCBCL supports continued military training use of the New River, the NRE, and
Onslow Bay by complying with the CWA.

6. Ensure the viability of the New River Air Station as an aviation facility through the elimination of
bird and wildlife strike hazards to aircraft while complying with the ESA and other wildlife
regulatory requirements.

In addition to these military drivers, MCBCL natural resources staff have identified a prioritized list of
conservation and water quality needs that will support implementation of the INRMP. Appendix B
illustrates the Base’s needs and identifies the DCERP approach for addressing these needs. As part of
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DCERP, every effort will be made to address areas of concern (AOCs) that are not currently being
investigated or to improve upon existing programs that are attempting to address these AOCs.

3.2 Conceptual Model Development

Each of the five ecosystem modules has developed a conceptual model. As described in the DCERP
Strategic Plan, these models were developed to include the key biological, chemical, and physical
processes of the ecosystem, as well as the military, non-military, legacy, and natural ecosystem stressors
that may affect the model (Figure 3-2).

identify
stressors
develop
conceptual
model

identify
processes

Figure 3-2. Development of the conceptual model.

The focus of the DCERP monitoring and research effort includes biological processes (e.g., primary
production and respiration), chemical processes (e.g., water column and sediment nutrient
processing/cycling and atmospheric transformations), and physical processes (e.g., hydrodynamics of the
NRE and sediment transport along Onslow Beach), which are described in the individual module
narratives. These key biological, chemical, and physical processes are the driving forces of the function of
the ecosystem in the absence of stressors. Although the main processes are generally understood, the
biological, chemical, and physical ecosystem processes at MCBCL have not been researched extensively,
especially within the context of outside stressors. For DCERP, stressors are defined as activities or events
that alter natural ecological processes. The RTI DCERP Team has grouped stressors into four major
categories: military, non-military, legacy, and natural. Table 3-1 provides a definition for each category,
as well as specific examples relevant to DCERP. The conceptual models developed for each module were
designed to integrate the ecological processes and stressors with the Base’s military drivers and
conservation and water quality needs, as determined by MCBCL for the management of natural resources.
The key military drivers and natural resources management needs are listed in Section 3.1 of this report
(MCBCL Natural Resources Management). For more information on these drivers, please refer to
MCBCL’s INRMP (MCBCL, 2006a).
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Table 3-1. Examples of Military, Non-Military, Legacy, and Natural Ecosystem Stressors

Stressor Examples

Military Military stressors are unique activities or events associated with military training and testing at
MCBCL, including the use of military tracked vehicles, amphibious watercraft, and boats; troop
movements on the Base; and the use of firing ranges and impact areas. For example, the direct
effects of military activities on the NRE include the resuspension of bottom sediments in shallow
water areas or physical damage to benthic communities when training boats are launched. In
addition, indirect effects of military activities may include erosional runoff from training areas
where vehicles and troops have compacted or otherwise disturbed the soil surfaces and bank
erosion due to the movement of amphibious watercraft near splash points.

Non-military Non-military stressors include any anthropogenic activities that can occur on Base or off Base,
including runoff of nutrients from confined animal feeding operations (CAFOs), agricultural
practices, or urban lands; discharges from industrial facilities and municipal wastewater treatment
plants (WWTPs); runoff of land-applied sewage sludge; atmospheric deposition of nutrients and
contaminants; groundwater withdrawals; local residential or commercial development; emissions
from non-military vehicles; prescribed burning (PB) activities; and commercial and recreational
fishing pressures.

Legacy Legacy stressors are anthropogenic activities that have occurred in the past whose effects are
continuing today. Examples include the construction of the Intracoastal Waterway (ICW), early
ditching activities to drain land, the historic use of fire, agricultural activities, timber harvesting,
and dischargers of nutrients by the City of Jacksonville WWTP (this discharge was eliminated in
2000).

Natural Natural stressors include natural forces (e.g., hurricanes and sea level rise) whose effects are
enhanced by anthropogenic activity (global warming). The increased frequency and intensity of
natural events, in combination with anthropogenic contributions, could cause ecosystem
perturbations outside the range of natural variation.

3.3 Integrated Ecosystem-Based Management Approach

Figure 3-3 illustrates the overall process that will be used to meet the DCERP objectives. After
developing individual conceptual models in Phase I, the DCERP module teams identified knowledge gaps
in the models and determined the needs of MCBCL management. The module teams then determined
potential research questions to fill these basic knowledge gaps and to address MCBCL management
needs. DCERP is a research-initiated process that is distinct from other ecosystem-based programs that
are driven by specific regulatory or management objectives. This DCERP Baseline Monitoring Plan is
designed to gather environmental data to address MCBCL management concerns and to support the
research projects identified in the DCERP Research Plan. During Phase II, results from research projects
will feed back into this adaptive Baseline Monitoring Plan so that changes in the frequency and intensity
of sampling, spatial scale of sampling locations, or parameters to be sampled can be adapted as necessary.
Results from the monitoring and research efforts will be used to identify ecosystem indicators and to
develop associated threshold values, tools, or design models that address MCBCL management needs.
This information will be communicated to MCBCL to assist in the decision-making process. This
information transfer may occur rapidly for some management needs or may require longer periods for the
collection of research and monitoring data to provide appropriate indicators, models, or other tools. Once
this information is transitioned to MCBCL, the Base’s natural resources managers will be able to make
decisions as to what type of management action should be taken and to implement appropriate physical or
military operational changes. After the implementation of these changes, the RTI DCERP Team will
continue monitoring activities (feedback loop) to ensure that the desired management outcomes are
achieved.

DCERP Baseline Monitoring Plan 8 September 19, 2007



Defense Coastal/Estuarine Research Program (DCERP) Baseline Monitoring Plan

feedback loop

identify
processes

- feedback loop ----------- '

Phase |

Phase Il

Planning Implementation

Figure 3-3. DCERP planning and implementation process flow chart.

4.0 Purpose of the Baseline Monitoring Plan

The purpose of the DCERP Baseline Monitoring Plan is to describe the proposed DCERP baseline
monitoring program that will be conducted at MCBCL and that will provide an historic reference of
selected environmental parameters over the duration of the program. The baseline monitoring data to be
collected will include the following:

1. Basic, fundamental parameters that support the broader ecosystem-based research agenda.
2. Parameters that provide data useful to more than one ecosystem module.

3. Parameters that need to be monitored intensively and/or continuously for a long period of time
(5-10 years) to determine trends and natural variability.

At the end of DCERP, it is the ultimate goal to transition to MCBCL a scaled-down version of the
baseline monitoring program that identifies key measurement parameters for continued monitoring.

This Baseline Monitoring Plan is based on a holistic, ecosystem-based approach to monitoring design.
DCERP is designed to monitor environmental status and trends in a multimedia setting and takes into
account design objectives, competing time and space demands, candidate technologies, and costs. In
conjunction with the research projects, the DCERP monitoring effort will provide the information
necessary to develop and test ecosystem models; identify environmental indicators to inform MCBCL
natural resources managers about the status of ecosystem health; and guide restoration and conservation
efforts. This plan is guided by the principle of gathering systematic, time-series observations on
components of ecosystem processes, stressors, and indicators over a period of time sufficient to determine
the (1) existing status, (2) trends, and (3) natural variation of measured components.

The baseline monitoring program is seen as an adaptive program, in which monitoring may be adjusted
over time in response to weather events, the availability of more efficient methods, and new information
gained from ongoing monitoring and research efforts.
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4.1 Summary of Monitoring Activities

The conceptual models for each ecosystem have identified numerous knowledge gaps in the
understanding of key ecosystem processes, as well as critical Base conservation and water quality
management needs. Appendix B provides the prioritized list of MCBCL conservation and water quality
management needs and identifies how these needs will be addressed. Communication between MCBCL
managers and DCERP researchers is critical to the setting of priorities for monitoring activities. An
extensive planning process for DCERP (four 2-day meetings over 7 months) provided opportunities for
coordination between MCBCL managers and DCERP researchers. The DCERP Module Team Leaders
selected monitoring activities for inclusion in this DCERP Baseline Monitoring Plan that fill research
needs and address key Base management concerns, with the goal of sustaining military training and
natural resource values. Table 4-1 provides a summary of the module-specific monitoring activities
proposed for the four implementation years.

Table 4-1. Summary of Module-Specific Monitoring Activities

Module Activities

Aquatic/ Hydrodynamics: Stream flow and discharge (New River and tidal creeks)

Estuarine® Chemistry: Nutrients, salinity, pH, oxygen, temperature (New River, NRE, and tidal creeks)
Sedimentology: Total suspended solids (New River and tidal creeks), turbidity (NRE)
Biology: Primary productivity, phytoplankton, fluorescence (NRE)

Coastal Land cover and shoreline erosion: Location and elevation

Wetlands Hydrodynamics: Tide gauges (hydroperiod)

Chemistry: Nutrients, salinity, hydraulic conductivity (shallow ground water)
Sedimentology: Accretion rates, organic content, particle size

Coastal Hydrodynamics: Wave velocity, wave heights/period, currents, shoreline position
Barrier Meteorology (ocean): Air temperature, wind velocity, barometric pressure, humidity, solar radiation

Sedimentology: Compaction, texture, and composition
Biology: Benthic invertebrates, shorebirds/seadbirds, dune/shrub/marsh vegetation, sea turtles

Terrestrial Land cover/land use: Determine changes in land cover/ land use (vegetation types, buildings, roads)
and determine military training impacts

Biology: Vegetative community assessment, fuel load

Soil: Soil bulk density, pH, organic matter content

Atmospheric | Meteorology (air): Wind speed, wind direction, barometric pressure (BP), relative humidity (RH), air
temperature, photosynthetically active radiation (PAR), precipitation

EPA Criteria Pollutants: Ozone, fine and coarse particulate matter (mass)

& Sedimentology, chemistry, and biology of the NRE benthic zone are characterized by Research Project AE-3.

The baseline monitoring program can also be broken down into monitoring components that are general
(not module-specific) or module-specific. The general monitoring proposed for DCERP includes several
different types of environmental sampling conducted by several modules teams; this sampling will
provide data that is vital to a holistic understanding of the Base ecosystems. These general types of
monitoring activities collect monitoring data that are useful to all modules and include the following:

1. Land-based and sea-based meteorological data that will be acquired from the U.S. Weather
Service, on-site MCBCL meteorological stations, and the Coastal Ocean Research Monitoring
Program (CORMP), as well as meteorological data collected by the Atmospheric Module Team.

2. Land cover/land-use data will be acquired from Landsat Thematic Mapper ™, IKONOS, LIDAR,
and MCBCL by the Terrestrial Module Team to conduct an analysis of land cover, land-use
changes, and military activities.
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DCERP has been designed to study linkages among the various ecosystem components. Table 4-2
identifies which module team will be responsible for collecting selected data and also shows the
integrated nature of this Baseline Monitoring Plan by identifying other modules that use this same data.
Additional details about the linkages between the various monitoring activities are described in Section 6
(Module-Specific Baseline Monitoring).

It should also be noted that the baseline monitoring program proposed by the RTI DCERP Team will
include both (1) acquired environmental data collected by another party (e.g., federal or state agency or as
part of an existing MCBCL program or MCBCL-funded program) and obtained by the RTI DCERP Team
for analysis and (2) sampled environmental data collected onsite at MCBCL by the RTI DCERP Team.
The source of environmental data used in all statistical analyses or modeling procedures will be carefully
documented by the DCERP Team.

Table 4-2. Monitoring Data Being Collected and Used by Various Modules?

Aquatic/Estuarine

Coastal Wetlands

Coastal Barrier

Terrestrial

Atmospheric

New River: flow,
discharge, nutrients
and sediment

New River: flow and
sediment

Tidal creeks: flow,
temperature,
nutrients, sediment

Tidal creeks: flow,
nutrients, sediment

NRE (water column):
PAR, PP, nutrients,
sediment, chlorophyll
a, phytoplankton

NRE (water column):
nutrients, sediment,
PP

Land cover and
shoreline erosion

Land cover and
shoreline erosion

Land cover and
shoreline erosion

Land cover and
shoreline erosion

Marsh surface
elevation: tide gauge

Marsh surface
elevation: tide gauge

Marsh surface
elevation: tide gauge

Marsh surface
elevation: tide gauge

Nutrient flux in marsh
ground water

Nutrient flux in marsh
ground water

Hydrodynamics: wave
velocity, direction and
period, currents

Hydrodynamics: wave
velocity, direction and
period, currents

Hydrodynamics: wave
velocity, direction and
period, currents

Offshore weather data

Offshore weather data

Offshore weather data

Offshore weather data

Offshore weather data

Geomorphology:
shoreface bathymetry
and barrier
morphology

Geomorphology:
shoreface bathymetry
and barrier
morphology

Geomorphology:
shoreface bathymetry
and barrier
morphology

Sedimentology:
texture, compaction,
and composition

Biology: benthic
invertebrates; surf fish
and shorebird;

plant cover

Land use/cover data

Land use/cover data

Land use/cover data

Land use/cover data

Land use/cover data

Flora: species
composition and
diversity

Forest floor and soils:
fuel load, bulk density
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Aquatic/Estuarine Coastal Wetlands Coastal Barrier Terrestrial Atmospheric
Land-based weather |Land-based weather |Land-based weather |Land-based weather |Land-based weather
data: wind speed/ data: wind speed/ data: wind speed/ data: wind speed/ data: precipitation, wind
direction, BP, RH, direction, BP, RH, direction, BP, RH, direction, BP, RH, speed/ direction, BP,
PAR PAR PAR PAR, ozone, RH, PAR, ozone,

particulate matter particulate matter

# In each row, the blue box identifies the module collecting the data; white boxes indicate modules that will use the

data.

4.2 Integrating DCERP Monitoring and Research

Figure 4-1 provides a graphic representation of Phase II (implementation of the Baseline Monitoring and
Research plans), as previously identified in Figure 3-3. In the DCERP approach, the DCERP Baseline
Monitoring and Research plans are closely integrated (as shown by the feedback loops through the
duration of DCERP) so that the outcomes of research projects can be used to modify the adaptive baseline
monitoring and the monitoring data in turn can provide data for development, and well as refinement and
verification of the models, tools, and indicators created as part of the research effort. Again, the models,
tools, and indicators will be continuously modified as additional research and/or monitoring data become
available.

Research projects will incorporate data from DCERP’s baseline monitoring program, MCBCL
environmental monitoring activities, and other local, state, federal, and private monitoring activities to
provide an integrated approach to ecosystem-based management and to alleviate redundancy in data
collection activities. Research projects will not necessarily start at the same time during DCERP, but will
be phased to integrate research linkages among the various modules. Schedules and site locations for all
DCERP research activities will be coordinated with the selection of baseline monitoring sites to ensure
that linkages between the baseline monitoring and research project sampling sites are maintained
whenever possible. Information derived from research projects will aid in adapting elements of this
DCERP Baseline Monitoring Plan. For example, initial monitoring activities may need to change (i.e.,
adding or deleting parameters being sampled, increasing or decreasing sampling frequencies of some
parameters, or increasing or decreasing spatial extent of sampling locations) in response to results
obtained from research projects. In this way, the baseline monitoring program will be adaptive in nature
to respond to new information on environmental parameters being monitored.

In addition, Figure 4-1 also shows how the models, tools, and indicators that are designed, developed,
tested, and verified can be transitioned to MCBCL to assist in monitoring and forecasting ecosystem
changes. The models, tools, and indicators developed from the research projects also should help to
streamline the baseline monitoring to a limited set of key parameters that will be easily transitioned to
MCBCL at the end of DCERP. It is a goal of DCERP to disseminated monitoring and research results and
information from associated models, tools, and indicators to MCBCL, as well as to other users groups,
including other DoD installations in similar ecological settings, the scientific community, other
stakeholders (e.g., New River Roundtable or Onslow Bight Conservation Forum) and the general public.
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Figure 4-1. Generic roadmap of the integrated monitoring and research plans and the
development of models, tools, and indicators.

Specific roadmaps for each of the five ecosystem modules illustrate the linkages among monitoring and
research activities; summarize the models, tools, and indicators that will be developed from these
activities; and disseminate information to MCBCL and other stakeholders. These roadmaps illustrate how
information from the research projects and outcomes will be used to refine the monitoring activities
before these activities are transitioned to MCBCL at the completion of DCERP. The five ecosystem
module roadmaps are located in Appendix E.

4.3 Other Monitoring and Research Efforts Related to DCERP

The RTI DCERP Team will leverage data from other ongoing monitoring and research efforts. This
includes data from MCBCL natural resources managers and other SERDP-funded research being
conducted at MCBCL. Appendix C provides a list of other monitoring and research activities occurring
within the NRE watershed and on MCBCL either funded by MCBCL or conducted by state and local

agencies.
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5.0 Setting of Camp MCBCL

51 Location

MCBCL is located near Jacksonville, NC, approximately 300 miles south of Washington, D.C., and 200
miles north of Charleston, SC. MCBCL encompasses an estimated 142,852 acres, of which 18,370 acres
(12%) is water. The Base is located entirely within Onslow County, NC, approximately 45 miles south of
New Bern, NC, and 47 miles north of Wilmington, NC. The City of Jacksonville is the county seat and
the primary commercial center for MCBCL. According to the INRMP (MCBCL, 2006a), MCBCL is the
USMC’s largest amphibious training base and is home to 47,000 Marines and sailors; the largest single
concentration of Marines in the world. A brief description of ongoing military operations at MCBCL is
located in Appendix A.

5.2 Ecoregion

MCBCL is located in the Atlantic Coastal Flatlands Section of the Outer Coastal Plain/Mixed Forest
Province (Figure 5-1) (Bailey et al., 1994). Based on similar regional climate, geologic origin,
topography, drainage networks, and potential natural vegetation, this section has the following
characteristics:

= Stratified marine deposits that were formed during the Cenozoic Era (66 million years ago to the
present)

= Utisol and Spodosol soils that are deep, medium textured, and have adequate to excessive water
supplies for vegetation

= Small- to medium-sized perennial streams, few associated rivers, and a high water table in many
areas, leading to poor natural drainage and many wetland areas

= Southern mixed pine and oak/hickory/pine forests, with smaller areas of floodplain forests and
pocosins

= Fire as the predominant natural disturbance; frequent hurricanes and insect activity are also
natural stressors

= Land elevations ranging from 0—80 feet above mean sea level

= Average precipitation of 46 inches per year, average temperature of 55-57 °F, and a growing
season of 185 to 220 days.

Duter Coastal Fhin Bliaed
Fo et Frovin om

Figure 5-1. Bailey’s ecoregions (Bailey et al., 1994).
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5.3 Water Resources

5.3.1 Tributaries

Approximately 17 miles of streams are found within the boundaries of MCBCL, and these waters flow
into the NRE, ICW, or Northeast Cape Fear River. The majority of MCBCL drains into the NRE and is
comprised of approximately 162 stream miles. The New River, its tributaries, and several small coastal
streams, as well as the ICW, comprise the U.S. Geological Survey (USGS) Hydrologic Unit Code (HUC)
03030001 and North Carolina Division of Water Quality (NCDWQ) Subbasin 03-05-02 (NCDWQ, 2001;
2001).

A small, eastern portion of the Base drains directly into the ICW (or Bear Creek and Queens Creek, which
flow directly to the ICW) and is comprised of approximately 15 stream miles. This area is categorized as
USGS HUC 03020106 and NCDWQ Subbasin 03-05-01 (NCDWQ, 2007).

The majority of the Greater Sandy Run Area (GSRA), located in the western portion of MCBCL, flows
into the Northeast Cape Fear River and is comprised of 44 stream miles. This area is categorized as USGS
HUC 03030007 and NCDWQ Subbasin 03-06-23 (NCDWQ, 2005).

5.3.2 New River Estuary

The New River watershed encompasses 462 mi”® and is located entirely within Onslow County. The NRE
is a broad, shallow, periodically vertically stratified estuary with a surface area of 34 mi* (NOAA, 1999).
MCBCL also encompasses 16,650 acres of the NRE and 1,720 acres of the ICW (MCBCL, 2006a). The
volume of the NRE is estimated at 170 million cubic yards and has an estimated mean flushing time of 70
days (ranging from 8 to 187 days [Ensign et al., 2004]). This study found shorter flushing times in the
winter months (November — March), when freshwater inflow is higher, and longer flushing times in the
summer months (May — October), when freshwater inflow is lower. Tidal exchange at the mouth of the
NRE is restricted at the New River Inlet and likely contributes to the long flushing time and semi-
lagoonal nature of this system.

The NRE is used for commercial and recreational fishing, bathing, and military operations in delineated
areas. It has a history of nutrient-driven eutrophication, harmful algal blooms (HABs), and hypoxia, with
associated impacts on water quality and habitat (Mallin et al., 1997; 2005). In large part, the semi-
lagoonal characteristics of the NRE make it susceptible to nutrient over-enrichment and eutrophication.
Recent efforts to reduce eutrophication by improving wastewater treatment of nutrients (nitrogen [N] and
phosphorus [P]) have helped improve water quality, but anticipated increases in population and
development in the NRE watershed and on the Base are likely to increase the nutrient and sediment loads
to the estuary.

5.4 Topography and Soils

MCBCL (excluding the GSRA) is characterized by a combination of poorly drained, broad, level flatlands
and gently rolling, better-drained terrain. East of the New River, the flatlands range in elevation from 25
to 45 feet above mean sea level. West of the New River, the changes in elevation are more pronounced,
with three areas reaching 72 feet above mean sea level (MCBCL, 2006a). Approximately 30% of the soils
are classified as hydric (wet), with the most common being Leon fine sand, Muckalee Loam, and
Murville fine sand. Common non-hydric soils include well-drained Baymeade fine sand and the
moderately well-drained Marvyn loamy fine sand and Onslow loamy fine sand (SCS, 1992).

In the GSRA of MCBCL, the land is almost uniformly flat and poorly drained. Elevation ranges from 39
to 69 feet above mean sea level, with the greatest variation in elevation in the eastern-most portion of the
GSRA, which drains into the New River (MCBCL, 2006a). Seventy-five to 80 percent of the soils are
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classified as hydric (wet), including Croatan Muck, Leon Fine Sand, Muckalee Loam, Murville Fine
Sand, Pantego Mucky Loam, Rains Fine Sandy Loam, Torhunta Fine Sandy Loam, and Woodington
Loamy Fine Sand (SCS, 1992). The remaining non-hydric soils, which are more suitable for road and
facility development, are most common along the western side and in the northeastern corner of the
GSRA.

5.5 Geology

As glacial events and slight crustal movements have altered sea level measurements over the past 66
million years, the land base has been alternately exposed and submerged. Marine deposits laid down over
time on this land base formed the weakly dissected alluvial plain that MCBCL occupies today. These
deposits are mostly clean sand and clayey sand, layered with deposits of clay and marine shells. Along the
coast, stream sediment deposition and natural shore processes develop and maintain beaches, swamps,
and mud flats.

Three primary geomorphic surfaces are identified at MCBCL (MCBCL, 2006a):

= Pamlico surface. Elevations of 0 to 25 feet above mean sea level in narrow strips along the ICW
(along the southeast border of the Base) and the New River and its tributaries.

= Wicomico surface. Elevations of 45 to 75 feet above mean sea level found in a few areas south of
Jacksonville.

= Talbot surface. Elevations of 25 to 45 feet above mean sea level underlying most of MCBCL.

5.6 Climate

Onslow County, NC, has a warm, temperate climate. The county seat, Jacksonville, NC, averages 56
inches of rainfall a year. The rainfall is almost evenly distributed throughout the year, with a slight
increase from June through September. The growing season, with daily minimum temperatures higher
than 28 °F for 5 years out of 10, is 235 days long (March 19 — November 11). Thunderstorms occur
approximately 45 days a year. Prevailing winds are from the southwest in the summer and from the
northwest in the winter. The average annual wind velocity is approximately seven knots (MCBCL,
2006a).

5.7 Vegetation

MCBCL encompasses approximately 92,300 acres of forest, including 47,734 acres of pure pine, 21,985
acres of pure hardwood, and 22,596 acres of mixed pine/hardwood stands. An additional 17,328 acres are
non-forested, and 12,543 acres fall within impact areas (MCBCL, 2006a). Loblolly is the most common
pine species, accounting for approximately 75% of timber on the Base, and blackgum is the most
common hardwood. Fire plays a deciding role in the communities of MCBCL, affecting canopy and
understory density and species composition.

MCBCL contains some of the highest-quality longleaf pine and pocosin habitat in North Carolina, as well
as high-quality examples of pine savanna, wet pine flatwoods, and small depression ponds (limesinks).
MCBCL contains numerous sites of significant natural heritage areas, including 2 coastal sites (Browns
Island and New River Inlet), 1 coastal edge site (Corn Landing), 1 inland tidal site (Southwest Creek), and
27 inland sites (NCNHP, 1999).

5.8 Demographics

The 2000 U.S. Census Bureau provides demographic information for both Onslow County and MCBCL.
In 2000, the population of Onslow County was 150,355. Included in this figure are 34,452 residents of
MCBCL. The 2000 U.S. Census indicates a slight (0.3%) increase in the population of Onslow County
and a significant decrease (31%) in the population of MCBCL since 1990. This is due, in part, to
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downsizing throughout the military, with a 12% decrease in USMC personnel. More detailed information
regarding the demographics of Onslow County and the State of North Carolina can be found on the World
Wide Web at www.census.gov and at www.quickfacts.census.gov.

5.9 Military Land Usage

A map of MCBCL depicting levels of accessibility (Table 5-1) and a preliminary analysis of training
usage is located in Appendix D. This map was use by module teams for preliminary selection of
monitoring sites to reflect a potential range of training uses and to indicate areas not accessible for
monitoring activities (such as Impact Areas).

Table 5-1. Summary of MCBCL Restricted Access Areas

Level of Accessibility Definition
Areas not available for These are impact areas (N1-BT3, G-10, K-2) and are off limits. High explosives are used
monitoring in these areas, and unexploded ordnance are present. Also included in this category is
the Marine Special Operations Command (MARSOC) located in Stone Bay.
Areas with current or These areas are live-fire ranges and, while in use (“hot”), are not accessible. Because
future limited only non-explosive munitions are used in these areas, they are available to researchers
accessibility for use, but do require advanced scheduling to gain access. Live-fire ranges are

represented by surface danger zones that are in the shape of a cone. Surface danger
zones include the firing point, target area, and buffer area for stray munitions.

Housing/cantonment These areas are available for monitoring, but do require scheduling. Because these
areas areas are primarily military housing, scheduling is required to minimize potential conflicts
and to respect private housing areas.

The training area classifications provided in Appendix D designed to provide a preliminary, rough
estimate of military use levels across the Base, on a scale from highest to lowest use. This use level was
developed using the number of scheduled non-live fire training events in a training area over the course of
one year. However, these numbers can be misleading because more than one event can be scheduled for
an area, so the number of events can exceed 365. For example, two different units could be recorded in
the database as having the same number of men in the unit, with each unit using 10 vehicles, but one unit
is doing light infantry maneuvers with most of the training on foot (i.e., the impact is minimal), whereas
the other unit may be driving throughout the training area (i.e., the impact is greater). A DCERP research
project will be conducted during the first year of Phase II to better classify military training impacts at
MCBCL.

6.0 Module-Specific Baseline Monitoring

The following sections contain the proposed baseline monitoring activities for each of the five ecological
modules (Aquatic/Estuarine, Coastal Wetlands, Coastal Barrier, Terrestrial, and Atmospheric), including
background information on the module, the knowledge gaps in the conceptual model that the monitoring
data will fill, and the individual monitoring activities that are proposed for implementation. Specific
information is provided for each activity, such as the objectives; methods; data analysis and outcomes;
relevance to MCBCL; and linkages within the module and among the other modules for each of the four
implementation years.

6.1 Aquatic/Estuarine Module

6.1.1 Introduction

Estuaries integrate inputs from terrestrial, freshwater, oceanic, and atmospheric systems (Day and Kemp,
1989; Valiela et al., 1997; Hobbie, 2000), and the accurate assessment and management of estuaries

DCERP Baseline Monitoring Plan 17 September 19, 2007




Defense Coastal/Estuarine Research Program (DCERP) Baseline Monitoring Plan

necessitates consideration of their connections to, and interactions with, these other systems. Estuaries
also exist in regions of rapidly expanding and diversifying human activity (Nixon, 1995; Boesch et al.,
2001; Cloern, 2001). In the context of the MCBCL region, the Aquatic/Estuarine Module will examine
the tidal reach of the NRE from the freshwater head of the New River near Jacksonville, NC, to the tidal
inlet at Onslow Bay (see Figure 1-1). Understanding and sustaining the function of the NRE cannot occur
without quantifying and distinguishing natural processes from human-influenced watershed- and airshed-
based impacts, as well as human activities that occur in the estuary (Nixon, 1995; Paerl, 1997; Malone et
al., 1999; Boesch et al., 2001) (see Figure 6-1). Our monitoring design reflects the level of complexity
and integration that exists in natural coastal systems. Aquatic/Estuarine monitoring will be closely
coupled to the research activities within this module. Additionally, coordination and information
exchange will occur with the monitoring and research activities for the Coastal Wetlands, Atmospheric,
Terrestrial, and Coastal Barrier modules, as described in this document and as detailed further in the
DCERP Research Plan.

_ flux of nutrients, sediments,
= organic matter, & contaminants

Figure 6-1. Conceptual model for the Aquatic/Estuarine Module.

Estuarine responses to physical, chemical, and biological processes may serve as indicators of ecological
change (NRC, 2000; Cloern, 2001; Peierls et al., 2003; Niemi et al., 2004). Inputs of nutrients, sediments,
organic matter, and contaminants reach the NRE from multiple sources, including watershed inputs,
precipitation and dry deposition from the atmosphere, and tidal exchanges with Onslow Bay. Watershed
inputs include sources from the New River at Jacksonville, NC; creeks that drain into the NRE; surface
runoff; and ground water as baseflow. These inputs influence the biological and chemical cycling within
the NRE’s water column and sediments (e.g., nutrient cycling and sediment transport) (Cloern, 2001;
Anderson et al., 2003). Nutrients stimulate both phytoplankton and benthic microalgae (primary
production), thereby providing food for zooplankton and benthic invertebrates (secondary production),
respectively (Hobbie, 2000; Sundbick et al., 2003). The zooplankton and benthic invertebrates provide
food for fish, and phytoplankton is the primary food source for shellfish. An overgrowth of phytoplankton
and excessive sediment inputs, however, can reduce light penetration, leading to declines in important
nursery area attributes, such as submerged aquatic vegetation (SAV) and benthic microalgal abundance
(Gallegos et al., 2005), thereby reducing the food supply for benthic-feeding fish. Additionally, excessive
amounts of phytoplankton (e.g., algal blooms) sink from surface to bottom waters within the estuary and,
together with watershed inputs of organic matter, lead to depleted oxygen conditions (hypoxia or anoxia)
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in bottom waters. Such hypoxic and anoxic events can have critical negative impacts on shellfish, other
invertebrates, and finfish (Paerl et al., 1998; Rabalais and Turner, 2001). These processes may be
influenced by water exchanges with Onslow Bay, which have the potential to remove excess nutrients,
organic matter, and phytoplankton. The NRE’s response to natural and anthropogenic impacts depends in
part on physical and biological interactions, such as wave activity, which leads to the resuspension of
bottom sediments, and freshwater discharge and exchange, which affects the estuary’s water residence
time and degree of stratification (Luettich et al., 2000). These conditions strongly influence the biomass
and composition of the autotrophic communities within the NRE, the estuary’s susceptibility to
hypoxia/anoxia, and the importance of microbial processes that control cycling of nutrients and organic

matter between the water column and benthos.

6.1.2 Monitoring Objectives and Activities

The Aquatic/Estuarine Module monitoring program summarized in Table 6-1 is designed to (1) improve
the understanding of the complex interacting physical, chemical, and biotic processes that drive water,
sediment, and habitat quality; (2) support the research components; (3) differentiate natural from
anthropogenic ecosystem forcing mechanisms, including consideration of extreme events such as
hurricanes, nor’easters, floods, and droughts; (4) provide information for designing and implementing a
long-term monitoring program that ensures compatibility of Base activities with desirable estuarine water,
sediment, and habitat quality; and (5) facilitate conservation of regional natural resources for ecosystem,
recreational, and economic benefits. The monitoring component is adaptive and will be adjusted in
response to the availability of more effective and efficient indicators, methods, and new information
gained from the research components.

Table 6-1. Aquatic/Estuarine Module Monitoring Components

Area Variable Spatial Scale Temporal Scale
New River Stream flow and discharge New River at Jacksonville Continuous
Nutrients and sediment New River at Jacksonville Monthly (outgoing tide)
Water temperature, dissolved New River at Jacksonville Monthly in addition to
oxygen (DO), pH, salinity nutrient/sediment
sampling
Tidal Creeks | Water level (stream flow) and 8 stations (paired) Continuous
temperatures
Nutrients (dissolved inorganic 8 stations (paired) Monthly (base flow);
nitrogen [DIN], dissolved Episodic (storm flow)
inorganic phosphorus [DIP],
dissolved organic nitrogen
[DON], total nitrogen [N], and
total phosphorus [P]), total
suspended solids (TSS), fecal
indicator bacteria (FIB)
New River Fluorescence (chlorophyll a), 8 stations (6 vertical profiling and 2 | Monthly for profiles and
Estuary - colored dissolved organic matter | continuous autonomous vertical data flow, year-round
Water [CDOM])), DIN, N, DIP, P, TSS profilers [AVPs]) - longitudinal from | for AVPs; more
Column New River to Inlet intensive (March—Oct)

Photosynthetically active
radiation (PAR), salinity, water
temperature, DO, pH, turbidity,
flow, precipitation

8 stations (6 vertical profiling and 2
continuous AVPs) - longitudinal
from New River to Inlet.

Monthly for profiles and
data flow, year-round
for AVPs more
intensive (March—Oct)
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Area Variable Spatial Scale Temporal Scale
Primary productivity (PP), 8 stations (6 vertical profiling and 2 | Monthly for profiles
chlorophyll-a by fluorometry and continuous AVPs) - longitudinal AVPs and data flow
high performance liquid from New River to Inlet
chromatography (HPLC),
phytoplankton pigments/counts

Note: The benthic zone of the NRE will be characterized by Research Project AE-3. See the DCERP Research
Plan.

Table 6-2 summarizes the estimated level of effort for each of the key personnel during the first four
years of Phase II for the monitoring activities previously listed in Table 6-1. A specific list of the
personnel for each monitoring activity is located within the Methods section of each monitoring activity
described in Section 6.1.4 (Aquatic/Estuarine Module Monitoring Components).

Table 6-2. Aquatic/Estuarine Module’s Estimated Staffing of Monitoring Activities

Time in months/year
Personnel Year 1 Year 2 Year 3 Year 4
Hans Paerl 1 1 1 1
Mike Piehler 0.5 0.5 0.5 0.5
Rick Luettich 0.5 0.5 - -
Jerad Bales 0.5 1 1 1
Graduate Student (1) 12 12 12 6
Undergraduate Student (1) 4 4 4 4
Technicians (3) 22 22 19 9

6.1.3 Benefitto MCBCL

To ensure the continued function of the NRE, MCBCL must consider means to maintain and enhance
estuarine biotic integrity, while maintaining and enhancing training opportunities. Satisfying the terms of
the CWA is also of central interest, including management to avoid the imposition of Total Maximum
Daily Loads (TMDLs) and maintaining National Pollutant Discharge Elimination System (NPDES)
permits and abide by the CWA. Like all stakeholders in coastal waters, MCBCL has responsibilities for
the NRE, which has been designated as nutrient-sensitive by North Carolina Department of Environment
and Natural Resources (NCDENR). MCBCL also has responsibility for meeting stakeholder water quality
requirements for the NRE to support recreational and commercial uses of the system. The
Aquatic/Estuarine Module’s research plan includes quantification of watershed loading of freshwater;
loading of sediment, nutrients, and fecal coliform bacteria; deployment of autonomous vertical profilers
to study water column structure and quantify currents; development of water column algal indicators
(including harmful species).

6.1.4 Agquatic/Estuarine Module Monitoring Components
6.1.4.1 New River

6.1.4.1.1 Objective(s)

The USGS currently monitors streamflow on the New River near Gum Branch (Site 1 in Figure 6-2).
This site will continue to be monitored during the project at no cost to DCERP. An additional stream gage
is needed at the head of the NRE near Jacksonville (Site 2) to account for the total input of freshwater,
sediments, and nutrients to the estuary from the upstream watershed.
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Figure 6-2. New River monitoring stations.

6.1.4.1.2 Relevance to the Base

These data will provide information regarding local and regional water quality to avoid actions under the
CWA. Input to the NRE from the upstream watershed is needed to distinguish the effects of inputs from
the Base and inputs from the watershed on estuarine water quality.

6.1.4.1.3 Scale
Regional scale. This site provides information on inputs of freshwater, nutrients, and sediment from the
entire New River to the New River Estuary.

6.1.4.1.4 Linkages within the Module and among other Modules’ Monitoring
Components
These activities will be directly linked to other Aquatic/Estuarine monitoring activities in this module as
New River inputs of freshwater and materials — and interannual variations and extreme events — will exert
a fundamental control on all the parameters being monitored in the NRE, and thus will aid in the
interpretation of this monitoring data. The proposed sites are the upstream-most sites in the monitoring
program. Delivery of nutrients and sediments from creeks to the estuary downstream from this site must
be separated from inputs from the upstream watershed in order to distinguish effects of Base activities
from other upstream activities on estuarine water quality. Groundwater withdrawals may also affect
freshwater inflows, resulting in a change in salinity and aquatic habitat. Lastly, New River nutrient input
data will be compared and synthesized (in terms of determining short-term [event-scale] and long-term
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[seasonal annual] loading estimates) with atmospheric, shallow ground water and stream nutrient inputs
being measured by the Atmospheric, Terrestrial, Aquatic/Estuarine and Coastal Wetlands modules.

6.1.4.1.5 Methods

Spatial/Site Locations

Figure 6-2 illustrates the existing streamgaging site and the proposed new site. The existing streamgage
(Site 1) is located on the New River near Gum Brach and will continue to be monitored at no cost to
DCERP. The USGS station number for Site 1 is 02093000. The new streamgage (Site 2) will be located
on the New River near Jacksonville and its purpose is to capture inputs of freshwater, nutrients, and
sediment to the estuary from upland sources.

Temporal Considerations

Streamflow and river stage will be monitored continuously. Periodic measurements of tidal flow will be
made in order to calibrate the streamgage. Nutrients and sediment samples will be collected 15 times per
year on outgoing tides. Samples will be analyzed for suspended sediment (TSS), dissolved nitrate,
dissolved ammonia, total organic nitrogen (TON), total phosphorus, and dissolved ortho-phosphorus, and
total organic carbon (to be done at University of North Carolina Institute of Marine Science [UNC-IMS)).
Vertical profiles of temperature, DO, pH, and salinity will be made at least monthly, and each time a
sample is collected.

Personnel
= Senior Researcher: Jerad Bales

= Technicians: Various hydrologic technicians trained in tidal discharge measurement and
computation and in clean sampling techniques.

Parameters/Variables
= Streamflow
= Water surface elevation
= Suspended sediment
= Dissolved nitrate
» Dissolved ammonium
= Total nitrogen
= Total phosphorus
= Dissolved ortho-phosphorus
= Total organic carbon
=  Water temperature
= Dissolved oxygen
= pH
= Salinity

Field and Laboratory Procedures

Sampling Design and Collection. Standard USGS methods will be used for all data collection,
processing, and archiving. Tidal streamflow data collection methods are documented by Morlock et al.
(2002), Oberg et al. (2005), Ruhl and Simpson (2005), and Simpson (2002). Procedures for collection of
water-quality samples and measurement of field properties are given by USGS (1997-1999) and
Horowitz et al. (1994).
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Equipment Used.
Field:

* A pressure transducer will be used to measure water level.

* Boat-mounted RDI Acoustic Doppler Current Profiler (ADCP) to measure streamflow (already
available)

= Sutron satellite radio to transmit streamflow and water level data to internet and database.

» Standard USGS depth integrating sediment sampler for sample collection (already available).

*  Teflon churn splitter and vacuum pump for sample preparation (already available).

*  Yellow Springs Instruments, Inc. (YSI) 6600 multi-sensor sondes for measurement of vertical
profiles of physical properties (already available).

Laboratory:

* Nutrient and organic matter samples will be analyzed at the UNC-IMS. A listing of equipment is
provided under Section 6.1.4.3.5.

Data Management

Standard published USGS protocols will be followed in all data collection. These protocols include
collection of duplicate and split water quality samples, and the use of clean methods to prevent sample
contamination (USGS, 1997-1999; Horowitz et al., 1994). In addition to national protocols, the USGS in
North Carolina has an internally published quality-assurance plan that includes all aspects of project
management and data collection. Continuous data transmitted by satellite radio will be reviewed daily.
Results from chemical analyses are reviewed regularly and stored in the USGS National Weather
Information System (NWIS) database. Scientific investigations are reviewed by Water Science Center
teams 3 times per year. The USGS North Carolina Water Science Center participates in a number of
national quality-assurance programs, and staff for this project will have adequate technical and safety
training.

6.1.4.1.6 Data Analysis, Products, and Outcomes

Continuous records of discharge will be computed from records of water level and velocity measured at
the monitoring site. Data will be available for all partners via the USGS Web site. Discharge and tide data
will be useful for placing estuarine samples and measurements in the appropriate tidal context. Moreover,
samples can be placed in the appropriate hydrologic context (high freshwater inflow, low flow).

Nutrient and sediment samples will be used with discharge to develop loading relations. These relations
will then be used along with continuous discharge records to compute daily loads of nutrients and
sediment being transported into the estuary. Procedures for computing loads are given by Cohn (2005)
and Runkel et al. (2004).

Inputs of freshwater, nutrients, and sediment to the NRE are critical to understanding effects of Base
activities on water quality. Without these estimates of upstream inputs, there is no way to distinguish the
effects of Base activities from other effects.

6.1.4.2 Tidal Creeks

6.1.4.2.1 Objective(s)

We will measure stream flow and nutrient and sediment concentrations in eight coastal creeks to estimate
loading to the NRE. We will relate stream flow to precipitation intensity, duration and frequency data
provided from meteorological monitoring. Creek sampling stations will be spatially stratified to assess
variability within the estuarine salinity zones and to determine the effects of on land activities on stream
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flow, and sediment and nutrient delivery to the estuary. Flow and loading of sediment and nutrients will
be related to land use to link land activities and aquatic and estuarine ecosystem function.

6.1.4.2.2 Relevance to the Base

These data will provide information regarding local and regional water quality to avoid actions under the
CWA Section 305(b). Data comparing sites with and without military training activity and with varying
degrees of impervious surfaces will gauge MCBCL impacts on creek function and will provide
information for decision making regarding future building and locations of training. An empirical
understanding of the quantity of nutrients and suspended material in coastal streams and some
information about its origin will be of significant value for decisions ranging from water quality
remediation to shoreline stabilization. Suspended material can impair ecological function through light
attenuation and smothering of benthic communities, but it also can enhance ecological function of coastal
wetlands through provision of organic matter for accretion.

6.1.4.2.3 Scale

Regional scale. Sites are stratified throughout the region and are paired to capture the effects of various
military operations. Four paired locations (8 sites total) will be sufficient to not only provide information
about effects of military use, but to also make generalizations about regional coastal creek function within
the estuarine gradient.

6.1.4.2.4 Linkages within the Module and among other Modules’ Monitoring
Components

These activities will be directly linked to other Aquatic/Estuarine monitoring activities in this module by
providing loading rates of sediments and nutrients to the NRE. Delivery of nutrients and sediments from
creeks to the estuary is an important materials transport mechanism and is often affected by changes in
on-land activities. This monitoring activity will also be linked to the Coastal Wetlands Module. For
marshes, suspended solids are beneficial rather than detrimental and provide material for accretion. The
ability of many marshes to maintain their elevation is dependent upon a supply of suspended sediments.
The tidal creek monitoring sites include creeks in the mesohaline and back-barrier (Figure 6-3), where
the Coastal Wetlands Module will be measuring elevation changes in marshes. Linking these elevation
measurements to the creek’s sediment supply will be an important step toward understanding mechanistic
links between watershed activities and marsh sustainability. These monitoring activities will also be
linked to the Terrestrial Module. The stream sampling sites represent an integration of the effects of
watershed processes on the load of nutrients, sediments and FIB transported from the landscape. Finally,
this monitoring will be integrated with the data collected by the Atmospheric Module in that precipitation
will drive stream discharge and deposition of N may be an important contributor to stream N loading.

6.1.4.2.5 Methods

Spatial/Site Locations
The tidal creek monitoring sites are distributed throughout the estuarine salinity gradient and are
representative of MCBCL land uses (e.g., industrial, forested, urban [non-industrial]). All creek
monitoring stations will be sited above the range of tidal influence. The sites are illustrated in Figure 6-3
and are identified as follows:

1. Back-barrier - Freeman Creek (Site 10), Gillets Creek (Site 9)

2. Polyhaline - Traps Creek (Site 7), Chadwick Bay (Site 8)

3. Mesohaline - French Creek (Site 6), Town Creek (Site 5)

4. Oligohaline - Wilson Bay (Site 3), Southwest Creek (Site 4)
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Figure 6-3. Tidal creek monitoring stations.

Temporal Considerations

Routine and episodic monitoring will be included in the tidal creek monitoring. Physical parameters
(water level, water temperature) will be measured continuously and water samples will be taken monthly
for chemical and suspended material analysis. Episodic (event scale) variability will be assessed by
seasonal (4 times per year), storm event sampling.

Personnel
List all the people who will perform this activity.

= Senior Researcher: Mike Piehler
»  Technician: (1)

Parameters/Variables
Water level, water temperature, inorganic and organic nitrogen concentrations, inorganic and organic
phosphorus concentrations, TSS, and FIB (data from Research Project AE-2).

Field and Laboratory Procedures
Sampling Design and Collection. Water level and temperature recorders will be deployed at each creek.
Continuous creek level data will be utilized with channel geometry and several other parameters in the

Manning Equation to assess creek velocity.
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a
v=21gi. s
T
Where:
V = cross-sectional average velocity (m/s)
n = Manning coefficient of roughness
Ry = hydraulic radius (m)

S = slope of pipe/channel (m/m)

Grab samples will be taken from each creek monthly at base flow conditions and once per season (4 times
per year at each creek) during storm flow.

Equipment Used. Level and temperature recorders (Y SI, Inc.) will be deployed in stilling wells that will
be installed in the creeks upstream of the zone of tidal influence. Nutrients will be analyzed on a Lachat
nutrient autoanalyzer and particle suspensions will be quantified gravimetrically.

Equipment will be monitored routinely and information will be obtained on performance in conjunction
with each use of the equipment. This information will be stored in log books kept with each piece of
equipment. The information will be reviewed weekly by the staff and monthly by the Senior Researcher.
Maintenance of equipment used in this project is the responsibility of the Senior Researcher. The
technician is responsible for routine maintenance and minor repairs. UNC-IMS maintenance staff will
perform appropriate in-house repairs and manufacturer repair experts will be used to perform the
remaining repair activities. Records of all significant preventative maintenance activities will be kept with
the instruments.

Data Management

Data downloaded from loggers will be checked by technical staff. Laboratory notes and data will be
recorded daily in bound laboratory notebooks. Information entered into notebooks from machine printouts
will be verified twice and the originals will be filed. Data entered from notebooks into computer files will
be verified and validated. This operation will be repeated until two consecutive verification checks yield
no errors. Two copies (backup and original) will be kept of all computer files at all times.

6.1.4.2.6 Data Analysis, Products, and Outcomes

Concentrations of inorganic and organic nutrients and measures of particle suspensions from grab
samples will be used in conjunction with the velocity measurements to estimate loading of those
materials. Loading rates will be directly applicable to the ecosystem model for the region for calibration
and validation of land-use specific rates. Additionally, the suspended sediment loads will be applicable to
marsh elevation modeling as they represent an important part of the source term for marsh sediment

trapping.

When appropriate, data will be subjected to statistical analyses, including time series analyses of flow and
loading and comparisons of mean storm- and base flow-loads of sediment and nutrients. Seasonal
comparisons will be made within and among sites. Errors will be detected by abnormally high coefficients
of variation between replicates. If high variability continues to be observed this will indicate a problem in
materials used in the analysis or procedures followed by the personnel. Should this arise, an immediate
and thorough review of materials and procedures will be conducted by the Senior Researcher and
appropriate changes made.

Creek nutrient and sediment loads can be highly variable and are not easy to compare on broad spatial
scales. We will rely on internal indicators of desired condition by calculating loads in relatively un-
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disturbed creeks and comparing them to more disturbed creeks based on land cover and land use. Because
we are also interested in sediment load as a positive feedback to marshes, we will assess thresholds for
minimum sediment loading required to support marsh accretion.

6.1.4.3 New River Estuary — Water Column Chemistry

6.1.4.3.1 Objective(s)

We will monitor the input, distribution, utilization, cycling and fate of nutrients, sediments and other
chemical inputs (i.e., contaminants) affecting the productivity, trophic state, water quality and habitat
condition of the NRE. Sampling locations will be stratified to assess variability within the estuarine
salinity zones, tidal and mixing regimes. These locations allow us to examine links to terrestrial,
atmospheric, wetland and oceanic inputs and exchange of chemicals, and determine effects of specific
military activities (i.e., sedimentation, nutrient release and discharge events) versus local and regional
human and natural (climatic) drivers of water column chemistry. The monitoring program is designed to
evaluate short and long-term effects of these chemical drivers on the structure, function and sustainability
of the NRE in a regime of climatic variability. It will also serve as a critical source of data for supporting
the project research components.

6.1.4.3.2 Relevance to the Base

The purpose of the NRE water column chemistry monitoring is to ensure sustainability of Base activities
into the future and to improve management capacity for NRE. Monitoring data will provide the Base with
information regarding local and regional water quality in order to address actions under the CWA
[NCDWQ'’s nutrient-sensitive water designation, future TMDLs and CWA Section 305(b)]. The estuary’s
water column is the prime recipient of nutrients, organic matter and sediments originating from current
and prior (historic) Base activities, including soil disturbance, wastewater discharge, PB, amphibious
training, relative to local and regional agricultural, urban and industrial activities. Development on the
Base and surrounding areas increases the quantity of runoff and may decrease the quality of water flowing
into the estuary through the addition of nutrients, sediments and pathogens. The water column chemistry
component will focus on applying measurements and indicators capable of identifying and distinguishing
Base from local (i.e., nearby municipalities, agricultural operations) and regional chemical stressor
sources. Another critical facet of this component will be to examine the interactive effects of climatic
variability (rainfall, runoff) and change (i.e., changes in hurricane and drought frequencies and
intensities), which will be critical for understanding and interpreting the delivery from and relative
importance of base, local and regional chemical stressors.

6.1.4.3.3 Scale

The design of the Aquatic/Estuarine Module’s water column monitoring will account for the dynamic
physical-chemical inputs and processes operating within the estuary, in conjunction with the estuary’s
water- and airsheds, and the complex geomorphology of this ecosystem. Sampling stations are stratified
throughout the estuary and paired to capture the effects of military operations. Six fixed vertical profiling
and 2 AVP stations (8 sites total) will be sufficient to not only provide information about effects of
military use, but to also make generalizations about regional coastal creek function as sources of
nutrients, sediments, and organic matter. A primary objective of this module is to support the data needs
for the research components aimed at developing and applying indicators of ecological and
biogeochemical change as mediated by inputs and outputs of physical-chemical drivers. The
Aquatic/Estuarine Module Team will document and couple historic and contemporary trends in the
important variables with respect to causes, effects, and modulation of nutrient, contaminant and sediment
stressors. The design incorporates the appropriate temporal scales capable of capturing episodic, synoptic,
seasonal and inter-annual cycles and trends that affect critical processes at local and regional spatial
scales for the key estuarine habitats. Frequencies and intensities of measurements along these scales are
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complementary with aircraft and satellite remote sensing capabilities, enabling researchers and managers
to “scale up” from point measurements to airshed, watershed and ecosystem-level assessments.

6.1.4.3.4 Linkages within the Module and among other Modules’ Monitoring
Components

Because of the central role the NRE plays in MCBCL and regional ecosystem processes, this component
of the Aquatic/Estuarine Module will be closely and extensively linked to all other Aquatic/Estuarine
Module monitoring components (e.g., tidal creeks), as well as other modules. Watershed characterization
from the Terrestrial Module will be linked by a watershed model to our tributary monitoring and
modeling to provide information about the effects of land use on watershed exports of materials.
Watershed sediment loading measurements will be linked to marsh accretion studies in the Coastal
Wetlands Module, and the Coastal Wetlands Module’s assessments of nutrient processing at the land-
water margin will be incorporated into our watershed modeling of nutrient and sediment loading. The
import term for atmospheric nitrogen to the estuary by the Atmospheric Module will be critical for
assessing the response of the water column to external loading. Data from the Coastal Barrier Module will
supply the required information on estuarine-shelf exchanges of water and materials, as the coastal ocean
can be either a source or a sink for the estuary. The linkages above are representative examples of the
nearly infinite connections of the estuary’s water column to its local and regional surroundings.

6.1.4.3.5 Methods

Spatial/Site Locations

Eight stations (Figure 6-4), including 6 vertical profiling and 2 continuous AVP monitoring stations and
a boat-mounted data-flow continuous sampler will complement existing monitoring activities by
MCBCL, UNC-Wilmington, NCDWQ, and other stakeholders. The sites are distributed throughout the
estuarine salinity gradient and are also in pairs of high and low impact from military operations,
respectively. The sampling network will measure key inputs to and outputs from the NRE, as well as sites
of intense productivity and nutrient and oxygen cycling. Stations will extend longitudinally from the long-
term USGS streamgage on the New River to the inlet. The AVPs will be equipped with rain
collector/gages that will be sampled during the monitoring run to obtain data on direct wet deposition to
the estuary. These data will be compared with on land deposition data collected by the Atmospheric
Module. An adaptive monitoring program will be developed for the purpose of (a) supporting the research
component informational needs, (b) capturing event-scale (storm) impacts on the NRE, and (c) providing
an opportunity for calibration of developed models and remote sensing. The estuarine monitoring
program will benefit from the mapping from the subtidal to shoreline regions, including Light Detection
and Ranging (LIDAR), side scan sonar, aerial photography, and satellite imagery in coordination with
MCBCL.
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Figure 6-4. New River Estuary —water column chemistry monitoring stations.

Temporal Considerations

Based on the informational needs of the research projects described in the DCERP Research Plan and the
spatial-temporal scales needed to capture key drivers and their impacts on water quality and habitat
condition, appropriate sampling intervals will be chosen. It is estimated that these will be on the same
order as average water residence time in the estuary (1-2 months). Sampling stations will be chosen,
based on initial mapping of the system, and will be stratified based on depth. More intensive sampling
will occur before and during episodic storm events. Sampling will occur year-round, but will also be
focused on specific hydrologic and nutrient-contaminant-sediment loading events, which tend to be
concentrated between late winter and fall months (early March — late October).

Personnel

Senior Researcher: Hans Paerl

Supporting Researchers: Michael Piehler and Rick Luettich
Graduate student: (1)

Undergraduate student: 1 Summer Undergraduate Intern

Technicians: 1 Field Technician and 1 Laboratory Technician (nutrient chemistry)

Parameters/Variables

Photosynthetically active radiation (PAR)
Salinity
Temperature
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= DO

= pH

= Turbidity

= Fluorescence (Chlorophyll a, CDOM)
*  DIN [nitrite + nitrate (NO,” + NO3"), NH,']
= DIP

= DON

= Total phosphorus

= Total nitrogen

= TSS

= Particulate C and N (C,H,N)

Field and Laboratory Procedures

Sampling Design and Collection. At each station we will obtain vertical profiles of PAR, salinity,
temperature, DO, pH, turbidity, and fluorescence. Precombusted GFF filters will be used to filter water
samples, which will be analyzed for nitrite + nitrate (NO, + NOj3’), ammonium (NH,"), DIP, dissolved
organic N and P using standard protocols and calibration procedures (Strickland and Parsons, 1978;
Lachat Quick Chem. IV; Lachat Instruments, Milwaukee, WI, USA). Particulate organic carbon and
nitrogen retained by the filters will be measured on an elemental analyzer. Samples also will be analyzed
for CDOM and TSS in order to develop relations between light penetration and solids/chlorophyll a
levels. ArcInfo and spatial statistics will be used to estimate average bathymetric areas for the 0-1 and 1-2
meter and greater than 2 meter depth intervals in order to calculate nutrient and C loads in relation to key
chemical and biotic response parameters, including productivity, phytoplankton biomass and hypoxic
volume.

Equipment Used.
Items marked with (*) are presently owned by the Aquatic/Estuarine Module Team.
Field:

=  Two AVPs, equipped with YSI 6600 multi-probe sensors and data modules. Two backup YSI
multi-probe sensors.

= YSI DataFlow continuous water quality analyzer w/multi-probe 6600 sonde and modem
=  Two YSI 6600 sondes for shipboard monitoring

=  Two Sea-Bird Electronics, Inc. SBE-37 Conductivity/Temperatures/Depth Profilers

= Acoustic Doppler Current Profiler (ADCP) (*)

Please Note: In tandem, these instruments allow for continuous sampling and analysis of water quality
(salinity, pH, DO, turbidity, temperature, fluorescence, current velocity, depth) from a moving vessel at
depths of 2 meters. This will allow us to scale up to the entire estuarine landscape.

Laboratory equipment:

= Lachat 8000 nutrient autoanalyzer (*)

»  Shimadzu SPD M20A 11 High performance liquid chromatograph (*)
= Turner, Model TD 700 fluorometer (*)

= Shimadzu 5000 TOC analyzer (*)

=  Shimadzu 160A Spectrophotometer (*)

»  Perkin-Elmer Model 2400 C,H,N analyzer (*)
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Data Management

Data downloaded from loggers will be checked by technical staff. Laboratory notes and data will be
recorded daily in bound laboratory notebooks. Information entered into notebooks from machine printouts
will be verified twice and the originals will be filed. Data entered from notebooks into computer files will
be verified and validated. This operation will be repeated until two consecutive verification checks yield
no errors. Two copies (backup and original) will be kept of all computer files at all times.

6.1.4.3.6 Data Analysis, Products, and Outcomes

Concentrations of inorganic and organic nutrients and measures of particle suspensions will be used in
conjunction with water current velocity measurements to estimate flux and loading of those materials to
the estuary. Loading rates will be directly applicable to the Estuarine Simulation Model (ESM) for the
region for calibration and validation of loadings due to specific land-uses, atmospheric, marsh and or
oceanic inputs. The suspended sediment loads will be applicable to marsh elevation model (Research
Project CW-1) as they represent an important part of the source term for marsh sediment trapping.

When appropriate, data will be subjected to statistical analyses. Errors will be detected by abnormally
high coefficients of variation between replicates. Experiments will be replicated, repeated, and analyzed
statistically. In the event of an error, the experiment will be repeated. If high variability is still observed
this will indicate a problem in materials used in the analysis or procedures followed by the personnel.
Should this arise, an immediate and thorough review of materials and procedures will be conducted by the
Senior Researcher and appropriate changes made.

As part of DCERP Aquatic/Estuarine baseline monitoring, environmental data will be collected on several
environmental parameters, including five component indicators (chlorophyll a, dissolved inorganic
nitrogen, dissolved inorganic phosphorus, water clarity, and DO in bottom water) included in the EPA’s
Water Quality Index (WQI). The WQI threshold values designated for southeast coastal estuaries

(Table 6-3) (U.S. EPA, 2004a). After the first year of monitoring, a WQI will be calculated for each of
the NRE stations to use as a benchmark value for assessing changes in water quality in the estuary over
the next 10 years. At the end of each year of monitoring, a map of the estuary will be compiled showing
the WQI values attained at each of the individual monitoring stations. These will be developed using the
stoplight color approach (red, yellow and green) employed by the U.S. EPA in their National Coastal
Condition Reports (U.S. EPA, 2001; 2004a) as well as in the National Estuary Program Coastal Condition
Report (U.S. EPA, 2006a). This map will provide a quick at a glance view of the water quality conditions
in the NRE and how they change over time. This map will provide resource managers with an easy to
read map water quality conditions that do not meet the EPA threshold standards. The EPA approach will
be compared to the chlorophyll a indicator approach proposed in the Research Project AE-1. Although the
proposed chlorophyll a indicator used by the State of North Carolina is currently > 40 pg/L, the State may
consider using a more stringent chlorophyll a value in succeeding years to evaluate eutrophication in their
coastal estuaries.

Table 6-3. EPA Water Quality Index Components

EPA Water Quality Index
(WQI) Components Good Fair Poor
Chlorophyll a <5 pug/L 5-20 pg/L > 20 pg/L
DIN < 0.1 mg/L 0.1-0.5 mg/L > 0.5 mg/L
DIP < 0.01 mg/L 0.01-0.05 mg/L > 0.05 mg/L
Water Clarity Index (WCI)® WCl ratio is > 2 WCl ratio is between 1 and 2 WClratiois <1
DO > 5 mg/L 2-5 mg/L <2 mg/L

& WCI = (observed clarity at 1 meter water depth)/(regional reference clarity at 1 meter water depth)
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6.1.4.4 New River Estuary - Water Column Primary Producers

6.1.4.4.1 Objective(s)

Module team members will quantify and characterize (as to microalgal communities and their
environmental controls) water column primary production in the NRE. A bulk of the estuary’s primary
production is derived from the suspended microalgae or phytoplankton (Mallin et al., 2005). In order to
quantify and understand the critical role phytoplankton play in supporting the estuary’s food web, cycling
of nutrients and oxygen, water quality and habitat condition, phytoplankton community productivity,
biomass, and composition must be determined. In addition, understanding and modeling the fate of water
column productivity with respect to higher trophic levels, including zooplankton, finfish and shellfish, as
well as benthic infauna, flora, nutrient cycling and habitat condition (i.e., hypoxia) are essential, integral
informational products provided by a water column monitoring program. Sampling locations will be
stratified to assess variability in productivity and environmental controls within and among the estuarine
salinity zones.

6.1.4.4.2 Relevance to the Base

The purpose of this module is to ensure sustainability of Base activities into the future and to improve
management capacity for NRE. Data will provide information pertinent to meeting the water quality
criteria and to avoid actions under the CWA Section 305(b), including TMDLs. Water column primary
production supports the NRE’s food web, mediates nutrient and oxygen cycling, and is a key determinant
of estuarine water quality and habitat condition. Nutrient, sediment and contaminant discharge associated
with land use (changes), and hydrologic modifications arising from base, as well as local and regional
activities, modulate primary production, as well as biomass and composition of phytoplankton mediating
this important process. The NRE has a history of potentially HABs that has been attributed to human- and
climatically induced changes in physical-chemical environment, including changes in the above-
mentioned drivers. We will apply well-established and novel, readily deployable and quantifiable
indicators of primary production, phytoplankton biomass and composition to determine the status and
trends of primary production at key estuarine locations under the influence of nutrient, sediment and
contaminant discharge, as well as hydrologic modifications. These will reflect Base activities, including
soil disturbance, wastewater discharge, PB, amphibious training, as well as local and regional agricultural,
urban and industrial activities. This component will also examine the interactive effects of climatic
variability (e.g., rainfall, runoff) and change (i.e., changes in hurricane and drought frequencies and
intensities), which impact this region.

6.1.4.4.3 Scale

The design of the Aquatic/Estuarine Module’s primary production monitoring will account for the
dynamic interplay of nutrient, sediment and other contaminant inputs, physical alteration (i.e., changes in
turbidity, circulation, flow and water residence time), and geomorphology of the system. Data obtained by
this module will support the research components aimed at developing and applying indicators of
ecological and biogeochemical change as mediated by inputs and outputs of physical-chemical drivers.
This module will document and couple historic and contemporary trends in the important variables and
will support research aimed at clarifying the causes, effects, and modulation of phytoplankton community
changes, including the development and persistence of HABs, and their linkages to perturbations of
ecological and management concern (e.g., toxicity, hypoxia). The design will incorporate the appropriate
temporal scales capable of capturing episodic, synoptic, seasonal and inter-annual cycles and events that
affect rates, composition and fate of primary producers. Frequencies and intensities of measurements
along these scales will allow for coupling to remote sensing and support modeling to “scale up” from
point measurements to ecosystem-level assessments.

DCERP Baseline Monitoring Plan 32 September 19, 2007



Defense Coastal/Estuarine Research Program (DCERP) Baseline Monitoring Plan

6.1.4.4.4 Linkages within the Module and among other Modules’ Monitoring
Components

Because of the central role NRE primary production plays in supporting MCBCL and regional ecosystem
processes and services, the Aquatic/Estuarine Modules’ primary productivity monitoring will be closely
and extensively linked to all other modules. When coupled to the water column and sediment nutrient
cycling component, this facet of the monitoring program will link terrestrial, atmospheric, wetland and
coastal nutrient, sediment and contaminant inputs, as well as hydrologic modifications to a set of
indicators of estuarine water quality and trophic state. This module will support modeling aimed at
linking land use, watershed inputs (Terrestrial Module), and the effects of marsh accretion/loss studies in
the Coastal Wetlands Module, as well as the Coastal Wetlands Module’s assessments of nutrient
processing at the land-water margin. Similarly, the role of direct and indirect atmospheric nitrogen supply
to the estuary as measured by the Atmospheric Module will be critical for assessing the response of the
water column to external loading. Data from the Coastal Barrier Module will supply the required
information on estuarine-shelf exchanges of water and materials mediating primary production in the
estuary. We will utilize monitoring data collected from shared locations along the estuary and its margins
to support research aimed at establishing, modeling and remotely sensing (to scale up) these links.

6.1.4.45 Methods

Spatial/Site Locations

We plan on 6 ship-based vertical profiling and 2 continuous AVP monitoring stations and a boat-mounted
data-flow continuous sampler that will complement existing monitoring activities by MCBCL, UNC-W,
and NCDWQ (Figure 6-5). The sampling network is designed to (1) link key sites of nutrient, sediment,
contaminant inputs and outputs from the NRE to primary production and phytoplankton biomass and
compositional responses. Stations extend longitudinally from the long-term USGS streamgage on the
New River to the inlet. The sampling network include sites on freshwater and brackish tributaries draining
to the NRE. This adaptive monitoring program has been developed for the purpose of a) supporting the
research component informational needs, b) capturing event scale (storm) impacts on production
dynamics in the NRE, and ¢) providing an opportunity for calibration of developed models and remote
sensing. The Aquatic/Estuarine Module’s primary production monitoring will benefit from aerial
photography, satellite and aircraft remote sensing imagery (SeaWiFS, MODIS, MERIS), coordinated with
MCBCL.
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Figure 6-5. New River Estuary - water column primary production monitoring stations.

Temporal Considerations

Based on the informational needs of the research projects and the spatial-temporal scales needed to
capture key drivers and their impacts on water quality and habitat condition, appropriate sampling
intervals will be chosen. It is estimated that these will be on the same order as average water residence
time in the estuary (1-2 months). Sampling stations will be chosen, based on initial mapping of the
system, and will be stratified based on depth. More intensive sampling will occur before and during
episodic storm events. Sampling will occur year-round, but will be focused on the period of maximum
primary production and HAB potential, which runs from late February through October.

Personnel
= Senior Researcher: Hans Paerl
= Supporting Researchers: Michael Piehler and Rick Luettich
» Qraduate student: 1 Graduate Research Assistant
»  Undergraduate students: 1 Summer Undergraduate Intern
» Technicians: 1 Field Technician and 1 Laboratory Technician

Parameters/Variables
= Fluorescence (Chlorophyll a, CDOM)
=  Primary productivity measurements (in situ '*C method)
* Diagnostic photopigments (these will be measured in conjunction with the phytoplankton
research module)
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= Microscopic analyses of phytoplankton community composition
= TSS

Field and Laboratory Procedures

Sampling Design and Collection. At each AVP station, samples will be analyzed for CDOM and TSS in
order to develop relations between light penetration and solids and chlorophyll a levels. Samples from
profile and flow-through sampling locations will be filtered (GFF filters) for chlorophyll a analysis, which
will be done fluorimetrically on 90% acetone extracted samples. A replicated set of filters will also be
extracted for HPLC analysis of diagnostic (for different algal groups) phytoplankton groups (Research
Project AE-1). In addition, data on '*C-determined PP measurements will be integrated with Research
Project AE-1. ArcInfo and spatial statistics will be used to estimate average bathymetric areas for the 0—1
and 1-2 m and > 2m depth intervals in order to calculate aerial phytoplankton biomass and primary
production.

Equipment Used.
Items marked with (*) are presently owned by the Aquatic/Estuarine Module Team.
Field:

* Two AVPs, equipped with YSI 6600 multi-probe sensors and data modules.

= YSI DataFlow continuous water quality analyzer w/multi-probe 6600 sonde and modem
»  Two YSI 6600 sondes for shipboard monitoring

= ACDP(¥)

Please Note: These instruments allow for continuous sampling and analysis of water quality (salinity, pH,
DO, turbidity, temperature, fluorescence, current velocity, depth) from a moving vessel at depths of 2 m.
This will allow us to scale up to the entire estuarine landscape.

Laboratory Equipment:

= Shimadzu SPD M20A 11 High performance liquid chromatograph (*)
= Turner, Model TD 700 fluorometer (*)

= Shimadzu 160A Spectrophotometer (*)

=  Beckman 6500 Liquid scintillation counter (*)

Data Management

Data downloaded from loggers will be checked by technical staff. Laboratory notes and data will be
recorded daily in bound laboratory notebooks. Information entered into notebooks from machine printouts
will be verified twice and the originals will be filed. Data entered from notebooks into computer files will
be verified and validated. This operation will be repeated until two consecutive verification checks yield
no errors. Two copies (backup and original) will be kept of all computer files at all times.

6.1.4.4.6 Data Analysis, Products, and Outcomes

Results will be used and applied in diverse ways, across multiple modules. Data will be GIS referenced
and analyzed to map primary production, phytoplankton biomass, HABs and examine the space-time
relationships between nutrient, sediment and other contaminant inputs, phytoplankton production
responses under variable hydrologic conditions. The chlorophyll a and associated data will also be input
to the ecosystem nutrient-phytoplankton-hypoxia response model being developed in Research Project
AE-2 and the probabilistic Bayesian Belief model being developed in Research Project AE-1.
Phytoplankton data will be formatted so as to be of direct use (along with turbidity and CDOM) to serve
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as a calibration and verification source for remote sensing efforts aimed at scaling up production and
HAB dynamics to the entire estuary. Lastly, chlorophyll a and associated physical-chemical data will
serve as “standard” for TMDLs, nutrient sensitive water designations and CWA Section 305(b) criteria of
water quality and habitat conditions.

When appropriate, data will be subjected to statistical analyses. Errors will be detected by abnormally
high coefficients of variation between replicates. Monitoring analyses will be replicated, repeated, and
analyzed statistically. In the event of an error, the analysis will be repeated. If high variability is still
observed this will indicate a problem in materials used in the analysis or procedures followed by the
personnel. Should this arise, an immediate and thorough review of materials and procedures will be
conducted by the Senior Researcher and appropriate changes made. An indicator for chlorophyll a will be
used to identify sites with healthy, transitional, and poor condition with respect to chlorophyll a
concentrations in water samples (Table 6-4). The indicator and associated thresholds will be used to
identify areas of the NRE with chlorophyll a acceptable criteria.

Table 6-4. Proposed Chlorophyll a Indicator

Condition o
Comment/Source for the indicator and
Indicators Hea]thy Transitional Poor threshold values
Chlorophyll a <20 pg/L 20-40 ng/L > 40 ng/L Threshold developed as part of the

NCDENR Chl a “acceptable” water quality
criteria (NCDENR, 1999). The monitoring

design will be flexible in order to evaluate

revised criteria.

6.2 Coastal Wetlands Module

6.2.1 Introduction

Coastal wetlands are a vital component of the estuarine landscape that link terrestrial and freshwater
habitats with the sea (Levin et al., 2001). Marshes improve water quality by acting as nutrient
transformers and trapping sediment; attenuate wind wave, and boat wake energy; provide critical habitat
area for a diverse group of estuarine organisms; serve as nursery habitat for commercially important
fishery species; help stabilize the coastal barriers; accrete sediments and build land; and provide
recreational opportunities for people (Jordan et al., 1983; Knutson, 1988; Valiela and Teal, 1979; Morris,
1991; Kneib, 1997; Moller et al., 1999). The coastal wetlands of this module are defined as the vegetated
and non-vegetated intertidal habitat in salt and brackish waters, and include marshes and adjacent
mudflats, sandflats, and tidal creeks. Marshes within the MCBCL region are typically dominated by
smooth cordgrass (Spartina alterniflora) and black needle rush (Juncus roemerianus). Although these
marshes represent less than half of the designated wetlands on MCBCL, they are the only wetland areas
that directly adjoin (or sometimes intersect) amphibious military training exercises, and are also the only
wetlands that play a role in barrier island stabilization. Figure 6-6 presents the conceptual model for the
Coastal Wetlands Module. The crucial aspects of coastal wetlands that will be monitored include (1)
delineation of historic and present marsh distribution and composition using remote sensing and ground-
truthing,:(2) determination of present-day marsh surface elevation, accretion rates, and hydroperiod; and
3) measurement of flow rates and nutrient chemistry of shallow ground water entering the estuary via
coastal wetlands. These data will provide baseline information for the research projects, both within the
Coastal Wetlands Module and for research projects in the Aquatic/Estuarine and Coastal Barrier modules.
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Coastal Wetland Monitoring Plan
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Figure 6-6. Conceptual model for the Coastal Wetlands Module.

6.2.2 Coastal Wetlands Module Objectives and Activities

The Coastal Wetlands Module monitoring program is focused on providing baseline data to determine the
ability of marshes within the NRE to provide a variety of ecosystem services and, in combination with
research projects, to determine what factors affect marsh structure and function (Table 6-5). The overall
goal is to develop a management plan that supports the sustainability of marsh ecosystems and the
estuarine shoreline. Coastal wetlands provide a variety of ecosystem services that are addressed by the
Coastal Wetlands Module’s monitoring and research, such as (1) improving water quality by acting as
nutrient transformers and trapping sediment (Harrison and Bloom 1977, Valiela and Teal 1979, Jordan et
al., 1983), (2) stabilizing estuarine shorelines via attenuation of wind wave and boat wake energy
(Knutson, 1988; Moller et al., 1999; Leonard et al., 2002), (3) providing critical habitat area for a diverse
group of estuarine organisms and serving as nursery habitat for commercially important fishery species
(Kneib, 1997), and (4) stabilizing coastal barrier islands via sediment accretion (Roman et al., 1997). The
rate and magnitude at which these ecological processes occur is dependent upon a combination of
biological characteristics of the marsh and physical and chemical characteristics of the environment. The
monitoring plan for the Coastal Wetlands Module will obtain baseline rates and measures of these
processes, assess temporal and spatial variability, and determine how stresses imposed as a consequence
of MCBCL and other direct anthropogenic activities may alter the provision of these ecosystem services.
Foremost, the monitoring plan provides information needed to manage MCBCL coastal wetlands.
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Table 6-5. Coastal Wetlands Module Monitoring Components

Component

Land cover and
Shoreline
Erosion

Variable(s) Spatial Scale Temporal Scale
Wetland habitat distribution and Entire NRE Photos and
composition Imagery from
1938 to present
Marsh composition and abundance by 18 stations Annually

species, density, and mean stem height

Shoreline location and elevation

Entire NRE; 9 stations in detail

Biennially and
event based

Marsh Surface | Marsh surface elevation (sediment 18 stations Spring and fall
Elevation accretion)
Water level, temperature, salinity (for 2 stations Continuous 6-
hydroperiod calculations) minute intervals
Sediment (percent organic content, 18 stations Biennially
particle size)
Digital Elevation Models (DEMS) - 18 stations Annual
surface elevation
Nutrient Ammonia (NH3"), nitrate (NO3), salinity, 3 stations Chemistry -
chemistry sulfate (SO4’2), DON, SRP, ferrous, Seasonal;
hydrogen sulfide, DOC, hydraulic Hydrology-
gradient, hydraulic conductivity Continuous

Table 6-6 summarizes the estimated level of effort for each of the key personnel during the first four
years of Phase II for the monitoring activities previously listed in Table 6-5. A specific list of the
personnel for each monitoring activity is located within the Methods section of each monitoring activity
described in Section 6.2.4 (Coastal Wetlands Module Monitoring Components).

Table 6-6. Coastal Wetlands Module’s Estimated Staffing of Monitoring Activities

Time in months/year
Personnel Year 1 Year 2 Year 3 Year 4
Jim Morris 1 1 1 1
Carolyn Currin 2 2 2 2
Mark Fonseca 1 1 1 1
Craig Tobias 1 1 1 1
Technicians (2) 12 12 12 12
Modeler (1) 3 3 3 3

6.2.3 Benefitto MCBCL

The monitoring component will provide information that will directly help MCBCL meet one of its key
military drivers: to preserve the integrity of the amphibious maneuver areas in the NRE. The distribution
and species composition of coastal wetlands and the rate at which these wetlands are either accreting
sediments or eroding are key parameters in understanding whether the back-barrier-estuarine shorelines
are sustainable under current environmental conditions and military training programs, and to help predict
how changes in sea level, storm events, and/or changes in military training activities may affect the
sustainability of the estuarine shoreline. Ultimately, the baseline data collected in this module will help
MCBCL adopt a proactive approach for land use along the shoreline and minimize adverse impacts of
military training to coastal wetlands and shoreline habitats.
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Accurate tide level data and shoreline erosion rates will also support MCBCL to maintain or improve
water quality in the NRE. Biogeochemical processes in the intertidal zone, including nutrient cycling and
primary production, as well as groundwater fluxes and sedimentation rates, are controlled to a significant
degree by hydroperiod. The tide gauge data collected in this monitoring effort will support accurate
calculations of hydroperiod and will help improve planning of military operations that are tide-dependent.

6.2.4 Coastal Wetlands Module Monitoring Components
6.2.4.1 Landcover and Shoreline Erosion

6.2.4.1.1 Objective(s)

Threats to coastal wetlands include erosion from wind and boat waves; erosion from intense coastal
storms, dredging, trampling, subsidence due to compaction or fluid extraction; and sea level rise. Invasive
and/or nuisance species are a growing issue for management of coastal wetlands, particularly in areas
subject to development and disturbance. Monitoring of shoreline and marsh land cover will provide the
baseline information required to detect changes due to wave erosion, storm events, and invasive species.
It will also provide the information required to support research projects designed to develop effective
shoreline stabilization plans and to inform Base management of wetland invasive species (specifically
Phragmites australis). The spatial and temporal extent of the monitoring activity will also help determine
whether impacts from military activities (e.g., Landing Craft Air Cushion [LCAC] exercises, splash
points) have a significant impact on marsh shoreline erosion above that from storm events, recreational
boat traffic, and/or sea level rise.

6.2.4.1.2 Relevance to the Base

Military activities at MCBCL have both direct and indirect impacts on coastal wetlands, and this module
addresses MCBCL military drivers: to preserve the integrity of the amphibious maneuver areas in the
NRE. Direct effects of military activities may result from LCAC operations, splash points along the
estuarine shoreline, military boat traffic, dredging and/or marina construction, vehicles traversing barrier
islands, and the potential of tracked vehicles operating over marshes. Indirect effects may result from
runoff from impact areas and land application of residuals from wastewater treatment plants.

Estuarine shoreline erosion is an important issue to the Base, both as it affects its ability to conduct
military training and as it affects shoreline infrastructure (e.g., housing, offices). Alternative shoreline
stabilization structures and wetland restoration activities have been considered by MCBCL in the past,
and results of Coastal Wetlands Module monitoring activities, in conjunction with research results, will
provide information to support effective management decisions.

Coastal Wetlands Module monitoring will also provide baseline data to track the spread of the invasive
strain of Phragmites australis, a marsh macrophyte that can significantly alter the structure and function
of coastal marshes. The spread of Phragmites has been linked to disturbance, and millions of dollars have
been spent on control and remediation efforts. Although at this time Phragmites control is not a
significant issue for the Base, it is likely to become one in the future. Phragmites is currently frequently
found along the ICW in both disturbed areas and at the upper marsh fringe. Although DCERP does not
currently have any targeted research addressing Phragmites, the data collected would support such an
effort in the future by conducting an inventory of Phragmites at the selected marsh sites.

6.2.4.1.3 Scale

This monitoring activity would be conducted across different spatial and temporal scales, depending on
the parameters and methodology involved.

» Delineation of coastal wetland distribution and shoreline edge throughout the installation using
high resolution remote sensing (3 m to .33m horizontal resolution) of wetland and shoreline
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habitats is available via efforts conducted by MCBCL and the State of North Carolina. These
include LIDAR data (NC Flood program, 2002) with a vertical resolution of 15 cm, multispectral
IKONOS imagery (2006), and color and infrared aerial photography (2004). Additional imagery
will be used as available.

=  Annual monitoring of fixed transects would be done on a 1-m2 plot scale, but plots would be
distributed along an installation-wide gradient to represent different physical settings, different
levels of military activity, and to capture items of management interest (e.g., Phragmites
distribution, LCAC routes; see Figure 6-7). Mapping would include a delineation of marsh
boundaries using Mapping Grade Trimble ProXr units. These maps would be made available in
GIS format.

6.2.4.1.4 Linkages within the Module and among other Modules’ Monitoring
Components

All monitoring activities within the Coastal Wetlands Module have been coordinated with the Coastal
Wetlands Module research projects. In addition, the Aquatic/Estuarine Module will monitor at Sites 5, 7,
and 8 sample one of our Shoreline sites (A); see Figure 6-7. This paring of sites with the
Aquatic/Estuarine Module will allow us to examine the relationship between marsh processes and the
structure and function of adjacent subtidal communities. We will coordinate sampling the marsh behind
the barrier island at Sites 7 and 8 with the Coastal Barrier Module monitoring activities. Changes in
marsh vegetation and shoreline erosion may have significant effects on variables measured by the
Aquatic/Estuarine and Coastal Barrier modules, and by sharing sites we will be able to assess these
linkages.
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Figure 6-7. Map of proposed monitoring stations for Coastal Wetlands Module.
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6.2.4.1.5 Methods

Spatial/Site Locations

Figure 6-7 illustrates the proposed sites for the monitoring activities associated with the Coastal
Wetlands Module. At the marsh sites, the following monitoring activities will occur: land cover, marsh
species composition and density, surface elevation table (SET), DEM, and nutrient chemistry. There will
be a pair of stations at each proposed sampling location: Wallace Creek (Site 2), French Creek (Site 3),
TMZ Bluebird (Site 5), Gilletts Creek (Site 7), and Freeman’s Creek (Site 8). At the Shoreline sites, the
following activities will occur: land cover, stabilization studies, SET, and DEM.

Sampling site locations were selected to include the range of physical and geomorphological
characteristics within MCBCL, which support coastal wetlands, reflect a range of military activities and
potential impact, and include areas of special concern to MCBCL. Marsh sites were selected at 5 locations
to evaluate military impacts (runoff zones from military impact zones, as well as physical disturbance
zones [splash points and LCAC]) on coastal wetlands in a range of environments. Sites were also selected
in consideration of anticipated monitoring by other modules; it is anticipated that the majority of Coastal
Wetlands Module monitoring stations will also be sampled by other modules for different parameters.
Specifically, Aquatic/Estuarine Module research and monitoring of sediment characteristics and benthic-
pelagic coupling will occur at the Coastal Wetlands sites designated 3, 5, 7 and 8. Coastal Barrier Module
research on overwash and sediment processes will include back-barrier island locations at sites 7 and 8.

Shoreline erosion sites A-I were selected based on the following (1) areas identified as concerns for
shoreline erosion (USACE, 2001); (2) gradient in wave energy and vessel traffic; and (3) outside of “no-
g0” zones (see map in Appendix D).

Marsh sites will be sampled in pairs to provide information on small-scale and large-scale variability, and
to provide finer measures of stressors on marsh structure and function. The sites include the following:

= Site 2 (Wallace Creek): Low military use, lower salinity and wave exposure setting
= Site 3 (French Creek): Moderate military use (runoff from G-10, splash points at mouth), lower
salinity and wave exposure setting

= Site 5 (TMZ Bluebird): High military use (LCAC) at one of paired stations; low at the other. This
site has closest proximity to New River Inlet.

= Site 7 (Gillets Creek): Low military use, higher salinity, proximity to barrier island. Stations
established on either side of the ICW.

=  Site 8 (Freeman Creek): Moderate military use (G-10 impact zone runoff), higher salinity,
proximity to barrier island. Stations established on either side of ICW

Temporal Considerations

= Historic and every 3 years or post-storm event high resolution remote sensing of wetland habitat
distribution and composition (subject to availability of imagery/data)

»  Annual monitoring of wetland plant species composition

= Twice-yearly measures of sediment accretion from SETs

= Water level data collected every 6 minutes in accordance with National Oceanic and Atmospheric
Administration (NOAA) Tide Gauge operations.

Personnel
= Senior Researcher: Carolyn Currin
= Supporting Researchers: Mark Fonseca, Jim Morris, and Craig Tobias
= GIS/GPS Modeling specialist: Amit Malhotra
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Technicians: (3)

Parameters/Variables

Wetland habitat distribution and composition (GIS data layers) using high resolution remote
sensing (1/3 m resolution) and ground-truthed

Marsh composition and abundance during peak biomass periods by species; stems m™, mean stem
height
Shoreline location (meter resolution) and elevation (2-cm resolution) (GIS data layers)

Field and Laboratory Procedures
Sampling Design and Collection.

Landcover and shoreline habitats. Aerial photography, satellite imagery and LIDAR data from
wetland areas will be utilized to prepare maps (GIS layers) of the distribution and elevation of
coastal wetlands. Ground-truthing will be conducted to verify results at all sites, which will be
used in other monitoring sections and in Coastal Wetlands research modules (Finkbeiner et al.,
2001; Morris et al., 2005). Stratified random sampling techniques will be used to obtain data on
the distribution of coastal wetland species in areas to be ground-truthed for remote sensing
products, and at selected marsh and shoreline sites (Figure 6-7) (Elzinga et al., 1998; Morris and
Haskin, 1990; Morris et al., 2005). Data on plant species, percent cover and stem density will be
collected for each species encountered in 1-m? plots. A GPS coordinate will be obtained for each
plot sampled.

Change Analysis. GIS Spatial Analyst tools will be used to detect changes in coastal wetland
distribution and species composition, and in location of shoreline edge and habitats. Change
analysis will be done using protocol described in Dobson et al. (1995). Note: a previous effort
was made by the U.S. Army Corps of Engineers (USACE) to utilize historic aerial photography
to measure historic shoreline erosion, but that effort was marginally successful (USACE, 2001).
Improvements in GIS and remote-sensing technology, in addition to our ground-truthing, may
allow us to make a better hindcast of shoreline erosion, and the installation of benchmarks and
DEMs (at a scale of 100s of meters to a 2-cm level of accuracy) will support efforts to track
shoreline erosion in the future.

Equipment Used.

Items marked with (*) are presently owned by the Coastal Wetlands Module Team.

Trimble 5800 Real Time Kinematic survey system (*)
Multiple Trimble Pro XR DGPS (mapping grade) (*)
RBR 2050 pressure sensors (wave gauges) (*)

Laser level Survey grade (*)

Tablet PC (*)

ARCGIS version 9.1 & 9.4 (*)

Boats, vehicles for access to estuarine sites (*)

Data Management

Raw and processed data will be integrated into the DCERP data and information management system.
Laboratory notes and data will be recorded daily in bound laboratory notebooks. Information entered into
notebooks from machine printouts will be verified twice and the originals will be filed. Data entered from
notebooks into computer files will be verified and validated. This operation will be repeated until two
consecutive verification checks yield no errors. Two copies (backup and original) will be kept of all
computer files at all times.
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6.2.4.1.6 Data Analysis, Products, and Outcomes

When appropriate, data will be subjected to statistical analyses (Sokal and Rohlf, 1981). Errors will be
detected by abnormally high coefficients of variation between replicates. Experiments will be replicated
and analyzed statistically. If high variability is observed this may indicate a problem in materials used in
the analyses or procedures followed by the personnel. Should this arise, an immediate and thorough
review of materials and procedures will be conducted by the Senior Researcher and appropriate changes
made.

Distribution of coastal wetlands along salinity, wave exposure and elevation gradients will be determined
and will provide input to ecosystem models, and provide information on how changes in environmental
variables, sea level rise, or disturbance may alter distribution of coastal wetlands. Products will include
maps and GIS layers of marsh distribution and species composition, elevations, shoreline delineation and
wave energy.

6.2.4.2 Marsh Surface Elevation

6.2.4.2.1 Objective(s)

The ability of salt marshes to accrete sediments and keep up with sea level rise is a crucial component of a
sustainable estuarine ecosystem. However, the rate at which marshes trap sediment and maintain surface
elevation depends upon sediment availability, the rate of sea level rise, the density of marsh vegetation,
belowground root production, storm intensity and frequency, and nutrient enrichment (Morris, 1991;
Cahoon, 1999; Cahoon et al., 2002). Some of these controlling factors may change over long time scales,
and some over very short timescales. Many of these factors can be expect to vary significantly within the
MCBCJ, over both temporal and spatial scales. Military activities may directly and indirectly alter marsh
surface elevations. In order to successfully manage coastal wetlands to preserve the ecosystem services
they provide, it is crucial to know how the surface elevation of coastal wetlands is changing, how that
response varies spatially within the range of geomorphological and physical settings within the MCBCL,
what factors control the response of the marsh surface elevation, and whether military activities alter that
response.

6.2.4.2.2 Relevance to the Base

Military activities at MCBCL have both direct and indirect impacts on coastal wetland surface elevations.
Direct effects may result from LCAC operations, splash points along the estuarine shoreline, military boat
traffic, dredging and/or marina construction, vehicles traversing barrier islands, and the potential of
tracked vehicles operating over marshes. Indirect effects may result from runoff from impact areas and
land-application of residuals from wastewater treatment plants.

= (Can marshes be managed to increase sedimentation? Can dredge spoil be used to build marshes?
= (Can we build a better bulkhead e.g., living bulkheads?

=  What is the upper limit on sedimentation rates (at what rate will SLR overtake marshes)?

= Are dunes migrating over marshes? How fast?

= Are there opportunities for creating constructed marshes?

=  How resilient are marshes to hurricane/storm impacts?

6.2.4.2.3 Scale

High resolution measurements (mm) will be obtained with SETs, which provide measures of surface
elevation change within 1-m” plot. These plots will be replicated within each of the paired stations at each
marsh site and at a subset of the Shoreline sites (Figure 6-7), to provide data at a watershed and
installation-level scale. These measures can be compared at a regional scale as the two Senior Researchers
have already established SETs in coastal wetlands in North Carolina and South Carolina. These high-
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resolution (mm) measures are required to monitor elevation changes that may show gradual change within
the lifetime of a monitoring program (years), but may have profound consequences over decades to
centuries-the appropriate period for securing habitats at MCBCL. In addition, gradual changes (mm-cm)
in surface elevation can alter marsh community composition, porewater chemistry and hydroperiod, all of
which may alter rates of biogeochemical processes and fluxes.

DEMs will be obtained at a vertical resolution of 2-4 cm over a 500-m? area, at each of the Shoreline sites
(A-I), and at each of the marsh sites (Figure 6-7). This will allow us to extend our results from SETs over
much larger area, and the range of sites along a salinity and wave exposure gradient will allow us to
discriminate between processes significant at a site level to those across the installation and watershed
level. As with SETs, similar data acquired by the Senior Researchers in other sites in the Southeast will
allow us to extend these results to a Regional level.

Water level, temperature and salinity at 2 locations within the NRE would be determined every 6 minutes,
in accordance with NOAA Center for Operational Oceanographic Products and Services (COOPS)
standards. Tide gauges would be installed on fixed docks or pilings (exact location to be determined) at
two locations; one in the high salinity waters within or adjacent to the ICW and one in the lower salinity
waters of the NRE, upstream of the bridge at Highway 172. Data will be downloaded and made available
to other researchers and MCBCL staff on a quarterly basis. Installation will be done in accordance with
guidelines established by NOAA

6.2.4.2.4 Linkages within the Module and among other Modules’ Monitoring
Components

All monitoring activities in the surface elevation monitoring will be done at sites utilized for other Coastal
Wetlands Module monitoring activities. These include Marsh Sites 2, 3, 5, 7, and 8 and Shoreline Sties
A-T; see Figure 6-7. In addition, the Aquatic/Estuarine Module will monitor at Sites 5, 7, and 8. The
Aquatic/Estuarine Module will also sample one of our Shoreline sites (A). This duplication of sites with
the Aquatic/Estuarine Module will allow us to examine the relationship between processes affecting
marsh surface elevation and the structure and function of adjacent subtidal communities. We will
coordinate sampling the marsh behind the barrier island at Sites 7 and 8 with the Coastal Barrier Module
monitoring activities. Changes in marsh surface elevation may have significant effects on variables
measured by the Aquatic/Estuarine and Coastal Barrier modules, and by sharing sites we will be able to
assess these linkages.

Water level is a crucial parameter for modeling estuarine ecosystem response to long-term (sea-level rise)
events, and for interpreting response to short-term events (hurricanes, northeasters). There are currently
no tide gauges within the NRE, and our data will be provided to all other modules and to MCBCL
personnel.

6.2.4.2.5 Methods

Spatial/Site Locations

See Figure 6-7 for location of Coastal Wetlands Module sampling sites. See Section 6.2.4.1.5 for a
description of how these sites vary in terms of military use.

Marsh Sites 2, 3, 5, 7 and 8. Duplicate SETs will be established at each paired station within each site,
except for sites selected for nutrient addition experiments (Research Project CW-1), where three SETs per
site will be established. DEMs will be obtained for each station at each site. Aboveground marsh PP will
be measured annually at each station within a site
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Shoreline Sites A-l. SETs will be established at a subset (at least 5) of these stations; the amount of
vegetation and type of shoreline stabilization structure will determine the selection of sites. DEMs will be
obtained for each shoreline site.

Temporal Considerations
=  SET measures will be obtained biannually, in spring and fall. Additional measures may be taken
to capture effects of storm events.
= DEMs will be obtained annually, or after significant storm events or military activities.

» Sediment characteristics (% organic matter, article-size) will be determined at each site in the first
sampling period, and biennially afterwards. Additional sampling may follow significant storm
events.

= Water level, temperature and salinity measures will be obtained every 6 minutes, and downloaded
and distributed quarterly (4 times a year). More frequent transfer of data can be accommodated if
needed.

Personnel
= Senior Researchers: Jim Morris and Carolyn Currin
= Technicians: (3)

Parameters/Variables
=  Sediment accretion rate (mm/yr)
» Tidal elevation (mean sea level) of benchmarks
= Surface elevation per 500-m”site (GIS layer, 2-cm vertical and horizontal accuracy)
= Sediment percent organic matter content
= Sediment particle size (% sand, % silt)
= Water level (relative to mean sea level), temperature and salinity
=  Wave energy (kg-m s°)

Field and Laboratory Procedures
Sampling Design and Collection.

SET installation and reading. SETs will be installed in coastal wetlands following the procedures for a
Deep RodSET described in Cahoon et al. (2002). Marker horizons and estimates of marsh surface
elevation will be obtained as described in Cahoon (1999). SETs have become a standard method for
obtaining sediment accretion rates in coastal wetlands, including marshes and mangroves. Additional
details on protocols, as well as a list of researchers and locations of SET installations around the world are
available at http://www.pwrc.usgs.gov/set.

Sediment particle size and organic matter analysis. Sediment cores will be collected from locations where
marsh species composition is obtained, and processed to determine sediment particle-size (% sand, silt-
clay and gravel) and organic matter content, using standard methods.

Digital Elevation Models (DEMS). Protocols for the data acquisition and processing necessary to obtain
high-resolution (< 2 c¢cm vertical accuracy) have recently been developed by NOAA staff in collaboration
with the U.S. National Geodetic Survey. This protocol has successfully provided GIS data layers for use
in planning and monitoring marsh restoration projects in Maryland and North Carolina. (1) Obtain a high-
resolution (1 cm vertical accuracy) benchmark within a marsh site by using a Real Time Kinematic D
Geographic Positioning System (RTK DGPS). The RTK DGPS unit is deployed over the SET benchmark
(described above). Vertical and horizontal position data from multiple four-hour data collection periods
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(two or more weeks apart) are submitted to the NGS Online Positioning System (OPUS) program. This
protocol yields an estimate of the x-y-x position of the SET benchmark (3/8” stainless steel rod) to 1 cm
accuracy. This step allows us to establish a RTK DGPS master station at known position (SET
Benchmark within mark site) using OPUS. (2) Collect a dense grid of marsh surface elevation data with a
rover beacon mounted on a wheeled post, collecting position data at 1 sec intervals. Data collection
transects within a 500 m” area are approximately 1 m apart. Data will be collected from MLLW to the
upland margin along shorelines. Data is subsequently post-processed to provide a grid of elevation
measures at > 2 cm vertical resolution. Data is mapped using ARCGIS Spatial Analyst. Changes in
horizontal extent of vegetation or shoreline will be detected within 1.0 m accuracy (determined by
transect location), and change in vertical elevations will be detected at 2 cm accuracy. Both Base maps
and change analysis will be stored as ARCGIS data layers for each site.

The installation of a SET, in combination with the use of RTK DGPS technology and OPUS post-
processing of data, effectively provides a tidal benchmark, which can be used in perpetuity as a reference
point for elevation surveys. These are especially valuable in relatively remote locations within the
estuarine intertidal.

In addition to the RTK DGPS methodology described above to obtain DEMs from SET benchmarks, we
will explore the use of the Riegl LMSZ210ii 3D terrestrial laser scanner, which is being obtained by the
Coastal Barrier module for mapping sediment profiles on barrier island beaches. The use of this
instrument requires a fixed horizontal position (as a SET provides), and may provide the capability of
measuring both bare earth elevations and plant canopy heights. This will be explored in Research Project
CW-2 (Forecast influence of natural and anthropogenic factors on estuarine shoreline erosion rates).

Water Level/Tide gauge: The NOAA Beaufort Laboratory has recently worked with the NOAA COOPS
to develop a protocol for installation of a temporary tide gauge in estuarine settings (NOAA, 2007).
NOAA COOPS will also participate in the QA/QC and data analysis of water level data (NOAA, 2007).

Equipment Used.
Items marked with (*) are presently owned by the Coastal Wetlands Module Team.

=  ROD SET reader

=  YSI 660 Level Sondes (vented)

= Trimble 5800 Real Time Kinematic survey system (*)
= Multiple Trimble Pro XR DGPS (mapping grade) (*)
= Laser level Survey grade (*)

= Tablet PC (*)

=  ARCGIS version 9.1 & 9.4 (*)

= Digital cameras (*)

= 22 and 20 foot boats and support equipment (*)

6.2.4.2.6 Data Analysis, Products, and Outcomes

Marsh accretion rates and elevation changes will be determined by comparing SET readings over time.
Each SET reading consists of 36 observations, which is averaged to obtain a single estimate per SET.
Differences between marsh surface elevation and accretion rates as determined by marker horizons will
be used to estimate the role of shallow subsidence and sediment accretion in controlling marsh elevations
(Calhoon et al., 1999; 2002). Spatial and temporal variation in marsh elevation change and accretion rates
will be incorporated into models forecasting the response of coastal wetlands to sea level rise and nutrient
additions (Research Project CW-1), and incorporated into forecasts of estuarine shoreline erosion
(Research Project CW-2).
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Water level, temperature and salinity data (6-minute frequency) will be made available to all team
members in excel files. Water level data will be used in combination with marsh elevation distribution to
calculate flooding times (hydroperiod) for coastal wetlands. Hydroperiod can be a key parameter
controlling marsh production, sediment accretion rates, as well as biogeochemical processes and rates.

6.2.4.3 Marsh Groundwater and Nutrients

6.2.4.3.1 Objectives

Marshes of the NRE are uniquely positioned to interact with water and nutrient loads from the adjacent
watershed (through shallow ground water and sheet flow) and from estuarine tidal waters (Figure 6-8).
Hydraulic marsh flushing and nutrient loading are integrally linked to marsh productivity and
sustainability. Water movement is the currency of exchange for contaminants and nutrients through
marshes and riparian forests. Water and nutrient flux estimates (i.e., marsh water and nutrient budgets)
through these environments to the adjacent estuaries will provide the timescale for transport, the
significance of water and element exchange between upland ground water, marsh pore water, and the
New River. Collectively these parameters help define the nutrient role of marshes within the NRE
landscape and to determine the extent to which impacts to marsh sustainability will be manifested in
estuarine water quality.

Upland-marsh Marsh- Estuary

interface interface

Watershed . | |

Figure 6-8. The marsh hydrological cycle includes groundwater (GW) flux from the upland,
surface exchanges of ground water and flood water, drainage,
evapotranspiration (ET) and precipitation (P).

Intertidal marshes serve as source, sink, and transformer of organic matter, nutrients and contaminants
within the coastal landscape (Howes et al., 1996; Childers, 1993; Taylor and Allanson, 1995; Jordan et
al., 1983) thereby linking coastal wetlands to the estuary. In addition, marsh elevation is maintained by
balances between sediment deposition, primary production, and losses from decomposition. Monitoring
of chemical indicators (e.g., nutrients that include N, P, and sulfur species) serve as markers that reflect
relative changes in the balance between organic matter production and decomposition. Lastly, coastal
wetlands are not a passive conduit for the movement of water and materials to the estuary, but rather a
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biogeochemically reactive component of the landscape that serves to modify and/or attenuate nutrients or
contaminants during transport (Harvey and Odum, 1990; Howes et al., 1996; Tobias et al., 2001 a,b,c).
The nutrient chemistry and hydrologic monitoring provide essential parameters for assessing of the
efficiency of marsh buffering capacity against anthropogenic nutrient loads as water transits from
watershed to estuary and alteration of water quality during downstream transport.

6.2.4.3.2 Relevance to the Base

The results from this work will provide the baseline water budget and nutrient inventories for determining
the extent of nutrient supply or uptake and hydraulic connectivity of the marshes to uplands and to the
NRE. Consequently the work assess the relative importance (or not) of the marshes in maintaining the
water quality of the NRE. The specific military drivers the benefit from this result are: (1) Ensure that
MCBCL supports continued military training activities while complying with the CWA; and (2) Preserve
the integrity of the amphibious maneuver areas in the NRE and adjoining training areas. Quantifying that
exchange of water and fluxes of nutrients is necessary to assess linkages between terrestrial, wetland, and
aquatic systems to determine how much the impacts on one component cascades to the other components.

This monitoring effort directly addresses the following management concerns of MCBCL.:

=  What is the impact of military activities and impact zones on shallow groundwater chemistry?
= What is the impact of groundwater withdrawal?

In addition, this data will support efforts to understand the linkage between changes in land use, coastal
wetland distribution and elevation, and changes in estuarine water quality.

» How important are marshes as groundwater nutrient transformers?
= What nutrients limit primary production (impact on sedimentation rates)?
= (Can marshes be utilized to treat wastewater, stormwater runoff or treated sludge?

6.2.4.3.3 Scale
Monitoring stations are distributed at watershed and installation scale.

6.2.4.3.4 Linkages within the Module and among other Modules’ Monitoring
Components

Monitoring of hydraulic throughput and marsh nutrient chemistry is linked to Research Project CW-1 and
provides the infrastructure for Research Project CW-3. All monitoring activities in this monitoring
program will be done at three of the marsh sites (Sites 2, 3, and 8) (see Figure 6-7). These sites are
positioned to coincide spatially with sampling stations in the Aquatic/Estuarine Module monitoring. The
proximity of these sites with those of the Aquatic/Estuarine Module will allow us to examine the
variations in relationship between marsh sources or sinks of nutrients and localized changes in water
quality of the adjacent estuary.

6.2.4.3.5 Methods

Spatial/Site Locations

Marsh nutrients and ground water will be collected at Sites 2, 3, and 8 (see Figure 6-7). Ideally, hydraulic
and groundwater nutrient monitoring would be performed at all Coastal Wetlands Module monitoring
sites, but this approach was cost prohibitive. Instead we have selected sites that represent low and high
saline conditions. The salinity gradient is expected to serve as a proxy for different water contributions to
the marsh, where presumably marshes further downstream will be dominated by tidal exchanges and
those upstream receive larger hydraulic contributions from adjacent watershed. This site selection also
encompasses sites of similar salinity (Sites 2 and 3) that differ substantially in upland land use. As stated
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above the sites are also near monitoring stations in the Aquatic/Estuarine Module. Given the limited
number of sites possible, our selection covers the expected range of variation in hydraulic parameters,
adjacent upland land use, and provides for examination of marsh estuary interaction.

Temporal Considerations
Water levels are monitored continuously using remote loggers and commensurate with the tidal cycle.

Pore water and ground water nutrients monitored seasonally as reflected by the timescale of changes in
marsh production/decomposition and the seasonal variation in watershed hydraulic head.

Personnel
= Senior Researcher: Craig Tobias
* Technicians: (1)

Parameters/Variables

Chemical. Nitrate (NO5’), ammonia (NH;"), DON, soluble reactive phosphorus (SRP), sulfate (SO,7),
conductivity/salinity, ferrous (Fe"), hydrogen sulfide (H,S), dissolved organic carbon (DOC), DO (all
repeat measures)

Geological. Hydraulic gradient (repeat measures), hydraulic conductivity (determined initially)

Field and Laboratory Procedures
Sampling Design and Collection.

Hydrologic data field collection and laboratory methods are described in detail in Tobias et al. (2001b).
Nutrient chemistry data field collection and laboratory methods are described in detail in Tobias et al.
(2001a) and Tobias et al. (2001c). All nutrient chemistry collection and analysis methods adopted from
EPA standard methods, Methods of Seawater Analysis (Parsons et al., 1984), or Standard Methods for
Water and Wastewater Analysis (Eaton et al., 2005).

Equipment Used.

Hydrologic. Pressure transducers and loggers

Chemistry. Nutrient Auto Analyzer, Spectrophotometer, Fluorometer, High Temperature Catalytic
DIC/DOC analyzer, lon Chromatograph, pH meter, Winkler Titrator, Licor IR.

6.2.4.3.6 Data Analysis, Products, and Outcomes

Processing of the hydraulic and nutrient chemistry data under Research Project CW-3 was designed to be
complementary with the data collected under the monitoring program. Water/nutrient fluxes will be
estimated first by using a two-dimensional groundwater flow model calibrated with hydraulic head,
hydraulic conductivity, and salinity. Secondly the use of a Coupled Water and Salt Mass Balance model
will be constructed to independently quantify all components of the marsh water budget. Error estimates
of the models will be achieved through a series of Monte Carlo simulations where all input parameters are
varied simultaneous according to normally distributed random values that reflect their measured variance
in the field. Sensitivity of the model output will also be determined through manipulation of each input
parameter individually across two standard deviations of their observed means.

The coastal wetland piezometer networks established as part of the monitoring program will be
instrumental in determining water flowpath direction, velocity, flux rates and water residence times.
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Based on previous experience, the water budget of the marsh subsurface depends on tidal and shallow
groundwater forcing functions. The magnitude of these forcing functions changes seasonally with the rise
and fall of the water table, and tidal amplitude. Nutrient inventory changes primarily seasonally in
response to temperature. Therefore the flowpath direction, velocity, fluxes, and residence times for water
and nutrients can be correlated to water table height, tidal range, and temperature. Collectively these
parameters should serve as a metrics or tool for future assessment of seasonal marsh connectivity to, and
moderation of nutrient loads from, the adjacent watershed and estuary.

6.3 Coastal Barrier Module

6.3.1 Introduction

The coastal barrier ecosystem lies at the interface between the continental shelf in the ocean and the
protected estuary, extending from the shore face toe at - 10 meter water depth to the estuarine shoreline.
This ecosystem encompasses the shallow subtidal and intertidal shore face, tidal inlet, backshore beach,
acolian dune, shrub zone, incipient maritime forest, and washover sand flat habitats. These habitats are
defined by intrinsic ecological processes, but are linked together by sediment transport, nutrient exchange,
and biological uses, each of which undergoes substantial change over multiple time scales. Sustaining the
integrity of environmental and mission-related assets through an improved understanding of ecosystem
response to natural and anthropogenic forcing is the main goal of coastal barrier monitoring and research
activities. The Coastal Barrier Module will examine the coastal barrier of Onslow Beach from the New
River Inlet to Browns Inlet, approximately 8 coastline miles.

The entire ecology of coastal barriers is organized directly and indirectly by the physical dynamics of
meteorologically driven ocean forcing and the resulting sediment transport (Godfrey and Godfrey, 1976;
Wells and Peterson, 1986) (Figure 6-9). Physical processes operating in the nearshore, including wind,
waves, and currents, vary in magnitude on time scales from hours (e.g., coastal storms) and months (e.g.,
seasonal weather patterns) to years and decades (e.g., climate change). Sea-level rise is the background
stage on which the physical processes are operating. The rate of rise is currently 3.7 millimeters/year at
the NOAA tide gauge in Beaufort, NC, located 65 kilometers northeast of the study area, but this rate is
predicted to accelerate because of global warming. Variations in the underlying geology and bathymetry
of coastal areas, as well as the structure and topography of the subaerial beach influence how shorelines
will respond (i.e., accrete, erode, change in sediment type) to different physical forcings (McNinch, 2004;
Rodriguez et al., 2004).
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Figure 6-9. Conceptual model for the Coastal Barrier Module.

The intertidal portion of the shore face enjoys high production of characteristic invertebrates, such as
coquina clams and mole crabs, because of the high flux of suspended diatoms from oscillating wave
action on shore. The high densities of these invertebrates qualify the intertidal beach as a key habitat, one
that supplies food for abundant and valuable surf fishes, crabs, and shorebirds, including the piping plover
(Federally Threatened), red knot (Candidate Species for Listing), and many other state and federal bird
species of concern (Brown and McLachlan, 1990; Fraser et al., 2005; Karpanty et al., in press).
Threatened species of sea turtles lay eggs on the high beach during summer, which require about 60 days
to develop and hatch. Coastal barrier vegetation affects nesting site selection of sea turtles and shorebirds,
other ground-nesting seabirds like terns, and waders. Predators subsequently influence the distribution,
abundance, and breeding success of nesting sea turtles and nesting and migratory shorebirds and terns.
Depredation of sea turtles and birds may alter rates of guano deposition on the barrier island and impact
nutrient cycling, which in turn modifies the barrier vegetation. More densely vegetated coastal barriers are
better at trapping wind-blown sands, and thus build and stabilize the barrier island land mass, providing
greater resiliency against storm damage and island overwash and erosion.

Low-lying coastal barriers, such as those of MCBCL, experience frequent overwash during storms. This
process reinitiates the succession of dune and shrub-zone plant communities, provides new habitat for
bird nesting and foraging, and extends and revitalizes salt marshes when overwash progresses across the
island to the sound shoreline. Rare beach plants are sensitive to storm impacts, and some species, such as
the seabeach amaranth, may even be enhanced by such perturbations. The dune and shrub plants of the
coastal barrier suffer physiological stress from wind-borne salt spray, yet receive limited nutrients from
that same source and atmospheric deposition (Au, 1974). The inlets of coastal barriers are especially
dynamic, and storm overwash at inlets plays an important role in maintaining flat and sparsely vegetated
areas suitable for nesting and foraging by piping plovers, other shorebirds, terns, and gulls (Fraser et al.,
2005).

6.3.2 Coastal Barrier Module Monitoring Objectives and Activities

The Coastal Barrier Module monitoring program will measure, analyze, integrate, synthesize, and model
physical, geological, and biological processes that operate from the ocean at -10 m water depth (the depth
of “closure”) to the back-barrier shoreline from the New River Inlet at the northeastern end of North
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Topsail Beach including Brown’s Inlet, approximately 8 coastline miles (Table 6-7). The coastal barrier
ecosystem is strongly influenced by meteorologically driven physical forcing, which has important short
time scales of storm (hurricane and northeasters) events, seasonal signals of changing wind fields, and
multi-annual time scales as sea level and frequency of intense storms both increase. This physical forcing
transports sediments, driving changes in bathymetry, subaerial topography, shoreline position, and the
presence, location, and extent of tidal flats on the inlet and back-barrier shores. Winds also mobilize sands
on coastal barriers, and emergent vegetation acts to trap those wind-blown sands and thereby elevate the
island land mass and render it more resilient to storm damage, overwash, and erosion of land area. The
sediment mobility and changes in its size distribution and mineralogic composition help determine the
abundance and composition of the benthic invertebrates on the ocean beach and on sand flats on the inlet
and back-barrier shores. These benthic invertebrates provide the prey on which the entire surf fish and
shorebird community depends: thus this is the trophic base that dictates habitat quality for species of
importance that are managed by humans. Sea turtles nest on the high beach and their nesting success is
strongly influenced by physical processes: storms can wash away nests or drown developing sea turtles in
the nests. Predation on sea turtle eggs and hatchlings and on shorebird and seabird eggs and nestlings
forms a top-down control on success of these species that can be more important than the bottom-up
physical forcing. Because ground-nesting shorebirds, terns, gulls, and black skimmers choose to nest in
areas of sparse vegetation to allow detection and avoidance of predators yet fertilize the vegetation by
guano deposition, storm intervention plays an important role in restoring prime nesting grounds.

Table 6-7. Coastal Barrier Module Monitoring Components

Wilmington, NC; Charleston,
SC; Norfolk, VA

Component Variable(s) Spatial Scale Temporal Scale
Meteorology Air temperature, wind speed, air 2 stations: 5 and 25 miles Continuous
(Ocean) pressure, solar radiation, wind seaward of the New River

direction Inlet
Hydrodynamics | horizontal and vertical wave 2 stations: 5 and 25 miles Continuous
velocity, wave heights, and seaward of the New River
period, direction; currents; water Inlet
temperature
horizontal and vertical wave 2 stations: 500 m seaward of Continuous
velocity, wave heights, period, Riseley Pier and North Topsail
and direction Beach
Tide data Acquired from NOAA sites at Continuous

shoreline position, sand bar
position and morphology;
nearshore wave period, direction,
and height

Entire length of authorized
beach and individual sites

Every 3 years (entire);
Semiannually and
before/after storms (site
specific)

Geomorphology

Shoreface bathymetry

Across the nearshore (2-10
m) depths throughout region
of barrier island including New
River Inlet and Brown'’s Inlet
and individual sites

Every 3 years (entire);
Semiannually in Years 1,
3, and 4 (site specific)

Barrier morphology

Throughout authorized region
of barrier island from the dune
to the shoreline and individual
sites.

Every 3 years (entire);
Semiannually and
before/after storms (site
specific)

Sedimentology

Compaction, texture and
composition

20 samples from each of the 6
sites

Semiannually
(May/Sept); before/after
storms
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Component Variable(s) Spatial Scale Temporal Scale
Biology Benthic invertebrate abundance 2 replicate vertical transects Semiannually;

and biomass by size class and from each of the 6 sites before/after storms
community structure
Shorebird and seabird Entire length of Onslow Every 10 days (collected
abundance and community Beach, New River Inlet and by MCBCL)
structure Brown'’s Inlet shoreline
Dune, shrub, and marsh plants Vertical transects at 6 Vertical transects:.
aerial cover, vegetation height, sites and aerial photography Years 3 and 4; Aerial
and surface elevation of entire length of Onslow photography: annually

Beach, New River Inlet and
Brown'’s Inlet shoreline

Site selection for sea turtle nests, | Nesting and false crawls Nesting and false crawls
false crawls, and success of recorded along entire length of | assessed daily in
nesting effort Onslow Beach, New River season (collected by
Inlet and Brown’s Inlet MCBCL)
shoreline

Superimposed upon this background of natural physical, geological, and biological processes that interact
to determine the state, health, and persistence of the barrier island ecosystem are human interventions.
Such human interventions on Onslow Beach include recreational off-road driving, amphibious training,
dune restoration of topography and vegetation, inlet dredging, augmentation of predatory vertebrates like
raccoons, and potentially beach nourishment or application of alternative protections against shoreline
erosion. The goal of the monitoring activities for the Coastal Barrier Module is to make those necessary
measurements and observations that allow isolation and integration of human-derived (including Base
activities) and natural processes to understand the dynamics and health of the coastal barrier ecosystem.
The focus is on outputs that serve to identify how those components of the ecosystem of most concern to
MCBCL can be most successfully managed and optimized. Fulfilling this goal requires not only
measurement of conditions and processes from physics to biology but also the analysis, synthesis,
integration, and modeling of the information.

The information derived from these basic research studies will be integrated into the ecosystem-based
synthesis along with the results of coupled and monitoring of meteorology, physics, geology, benthic
biology, shorebird use, vegetation, and land mass geomorphology to provide the basic scientific platform
from which to answer applied questions of management of Base assets and activities to maximize military
training use. In these syntheses, we will also incorporate results of the historical analysis of shoreline
change from Research Project CB-2 and historical monitoring data by the Base for shorebirds (6 years)
and sea turtle nesting (> 20 years).

The objectives of the Coastal Barrier Module monitoring strategy are:

» Create an integrated ecosystem understanding of how meteorology, physics, bathymetry,
geomorphology, benthic prey resources, plant cover, sea turtle nesting, shorebird foraging and
nesting, and predator impacts interact to determine the health and state of the coastal barrier
ecosystem;

= Differentiate impacts of natural from Base-derived ecosystem forcing mechanisms;
» Improve management capacity for MCBCL’s coastal barrier system,;

» Ensure sustainability of Base training uses into the future; and

= Meet MCBCL’s commitments to sustaining critical natural resources.

A holistic monitoring program that through basic research identifies indicator variables will lead to a
tiered data management system in the coastal barrier ecosystem. Monitoring activities will center on
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quantifying the physical (e.g., tides, waves, and currents), geological (e.g., sediment texture and
composition), geomorphological, and biological changes to MCBCL’s coastal barrier ecosystem because
these interacting processes define health and sustainability of the barrier itself and its ecosystems. To
differentiate between natural and anthropogenic (Base derived) impacts on the coastal-barrier ecosystem,
monitoring activities will produce replicated measurements of the intensity of disturbance during
amphibious landings and off-road recreational driving against which to compare replicated measurements
of the geological and biological response variables. A spatial pattern exists along the length of Onslow
Beach, with a continuous dune line, medium sand sediments, low historical erosion rates, and little human
disturbance at the north end of the barrier, as compared to scattered dunes, coarse sand and shell
sediments, high erosion rates, and multiple human disturbance agents in the central zone and at the
southern end of the barrier. Our strategy for determining the consequences of Base activities will involve
making observations to quantify intensity of passage of amphibious landing craft, vehicles, and personnel.
We will conduct measurements that will allow us to use sediment compaction and surface roughness to
integrate the contributions of vehicles of different types and sizes. These observations will then be used to
calibrate the Base records of numbers and locations of amphibious training exercises and numbers of
vehicles and troops involved. Results will be used to help select 2 focus sites that experience, and in
which we quantify, intense activity from amphibious landing exercises. Similarly, we will make
observations of intensity of off-road recreational vehicle driving and select 2 focus sites in which we have
quantified driving intensity and calibrated compaction and surface roughness. A final 2 focus sites will
represent controls that do not experience off-road driving or amphibious landings. By understanding
processes that drive the ecosystem state, we will be able to disentangle these differences and gain
understanding of the degree to which such differences are natural versus induced by specific Base
activities (amphibious landings and off road recreational driving) and from that develop appropriate
management recommendations. In addition, observations will be made on an event scale to understand
how major storms influence this ecosystem, both directly and by interacting with anthropogenic
influences, and how the system recovers. For example, we expect that storm overwash will vary as a
function of the degree to which the dune elevations have been diminished by base activities. The
frequency of sampling activities will vary from continuous to event scale to seasonal, to (multi)annual,
depending on the type of data being collected, Base activities, and the passage of storms.

The physical processes of the coastal system, including wind, waves, and currents will be monitored from
ocean sensors. These processes vary in response to meteorological (e.g., weather) conditions,
anthropogenic activities, and feedback from changing nearshore morphology. Physical processes interact
with the geology and vegetation of the area resulting in morphological changes. Morphologic changes
will be measured remotely using acoustic and laser-ranging techniques, while changes in biota will be
quantified by sampling and observation directly in the field and indirectly from aerial photographs. Biota
is impacted by physical processes (e.g., wind shear, current velocity), anthropogenic perturbations (e.g.,
beach nourishment), and geomorphologic changes (e.g., sediment transport, erosion and accretion).
Changes in plant cover and height, which will be measured directly in the field, also influence coastal
morphology. Process-based monitoring will not only document changes to the coastal barrier ecosystem
through time, but will allow the observed changes to be linked directly to their associated forcing
mechanism(s) thereby improving development of indicators of ecosystem health and identification
thresholds of ecosystem state changes, and allowing for modeling to predict future changes.

Table 6-8 summarizes the estimated level of effort for each of the key personnel during the first four
years of Phase II for the monitoring activities previously listed in Table 6-7. A specific list of the
personnel for each monitoring activity is located within the Methods section of each monitoring activity
described in Section 6.3.4 (Coastal Barrier Module Monitoring Components).
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Table 6-8. Coastal Barrier Module’s Estimated Staffing of Monitoring Activities

Time in months/year
Personnel Year 1 Year 2 Year 3 Year 4
Pete Peterson 1 1 1 1
Tony Rodriguez 1 1 1 1
Rick Luettich 1 1 1 1
Jesse McNinch 1 0.5 1 1
Sarah Karpanty 0.5 - - -
Jim Fraser 0.5 - - -
Post-doctoral Students (2) 4 4 16 16
Graduate Students (3) 12 36 12 12
Technicians (3) 6 6 13 13

6.3.3 Benefit to MCBCL

The goal of the Coastal Barrier Module monitoring is to make those necessary measurements and
observations that allow isolation and integration of natural and Base induced processes to understand the
dynamics and health of the coastal barrier ecosystem. Monitoring efforts will address MCBCL’s most
pressing management needs, including beach erosion and conservation of habitat for threatened and
endangered species on the barrier while providing important data for the research projects. Existing
barrier management will be enhanced by (1) Identifying the underlying causes accelerating beach erosion
on Onslow Beach; (2) Forecasting beach erosion if current management does not change; (3) Developing
a beach-erosion plan that provides management alternatives to counter beach erosion; (4) Developing
efficient monitoring protocols and conservation management procedures for shorebirds and seabirds; (5)
Designing the most efficient use of predator trapping resources to minimize the frequency of trapping and
the co-occurrence of trapping efforts with human uses of the barrier; and (6) Developing and testing
indicators of barrier island ecosystem state and health that can be easily measured by Base personnel in
the future after project completion.

6.3.4 Coastal Barrier Module Monitoring Components
6.3.4.1 Hydrodynamics (Oceanographic data)

6.3.4.1.1 Objectives

Oceanographic data are archived and currently collected as part of the Coastal Ocean Research
Monitoring Program (CORMP). These data consist of water velocity, atmospheric information, and water
hydrography on the continental shelf seaward of New River Inlet. Analysis of archived data is required to
understand the “basic” physical characteristics of flow in this region, such as dominant tidal species, and
contribution of atmospheric forcing to variability in the flow field, and to calibrate hydrodynamic models.
The currently available data need to be analyzed to support the overarching goal of understanding the
physical processes as they relate to barrier island sustainability.

6.3.4.1.2 Relevance to the Base

The information learned from analysis of these data is directly related to Onslow Beach erosion, a high
priority need of MCBCL.

6.3.4.1.3 Scale
The data are on the plot scale, but analysis may show that they could be applied to the regional level.
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6.3.4.1.4 Linkages within the Module and among other Modules’ Monitoring
Components

Analysis of these data will aid in the calibration of both the finite element model, Advanced Circulation
(ADCIRC), and for the Simulating Waves Nearshore (SWAN) model for this region. Both of these
models directly aid in the objective of constraining the hydrodynamic processes at the barrier, which is
the principle driver of morphologic and habitat change. Additionally, the ADCIRC model of the region
may be employed by the Aquatic/Estuarine Module to understand how the circulation within the estuary
affects water quality and benthic habitat. Special adaptations of the ADCIRC model may also be used by
the Coastal Wetlands Module to understand the effects of hydrodynamics on marsh erosion in that habitat.

6.3.4.1.5 Methods

Spatial/Site Locations

Instrument locations are already established and are shown in Figure 6-10. The archived data is
approximately 20 and 25 miles seaward of the New River Inlet. The current data are available from
instruments located approximately 5 miles seaward of the New River Inlet.
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Figure 6-10. Hydrodynamics (oceanographic) monitoring stations.

= Buoy Data. Acquire oceanographic data from CORMP
- LEJ2 buoy data (5 miles from New River Inlet): air temperature, wind speed, wind direction,
barometric pressure, humidity, solar radiation, surface water temperature, surface current
speed and surface current direction, surface salinity, wave height, and dominant wave period.
- OBIM mooring (20 miles from New River Inlet): water speed and direction
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- OB5M mooring (25 miles from New River Inlet): water speed and direction through out
water column, thermistors
- Analyze velocity and hydrodynamic data to determine key driving frequencies and compute
correlations between data to establish causative relationships.
* Tide Gauge Data. From Coastal Wetlands Module monitoring effort (tide gauge in NRE) and
NOAA acquired tide gauge data in Wrightsville Beach, NC and Beaufort, NC to derive
background rates of sea-level rise.

Temporal Considerations

Velocity data acquired with an upward looking ADCP are collected between 15 min and 1 hr, depending
on when the instrument was deployed.

Personnel
= Senior Researcher: Rick Luettich

Parameters/Variables

Data collected vary from mooring to mooring, but include, horizontal water velocities throughout the
water column, significant wave height, dominant wave direction, water temperature, salinity, wind speed,
wind direction, solar radiation, air temperature, and air pressure.

Field and Laboratory

Analysis of the data will require a high speed computer with at least 80Gb of hard drive space. Required
software includes MATLAB® with the associated toolboxes.

Data Management

These data are currently being held with the CORMP research group and may be accessed via the
CORMP Web site.

6.3.4.1.6 Data Analysis, Products, and Outcomes

Buoy and tide gauge data will be integrated with data from the ADCP. Traditional time-series analysis, as
well as wavelet analysis techniques will be used to analyze these and subsequent data. The main focus
will be on deciphering key tidal frequencies, as well as local and remote atmospheric forcing.

From this analysis, we expect to know the important tidal frequencies, their amplitudes and their
contributions to the variability of flow within this system. Additionally, low-frequency flow variations
will be determined and correlated with atmospheric data.

This information ties directly with the ADCIRC model set-up of the region as knowing the correct tidal
frequencies is imperative for the model to produce comparable results. A physics-based, hydrodynamic-
sediment transport model (modeling relevant physics of sedimentation or MORPHOS), currently in
development at the USACE in collaboration with the Senior Researcher (Rick Luettich), will be used to
simulate how longshore transport in 20-m grid cells and the shoreline position will change in response to
extreme storms. Other products will include flow, wave, and water-level predictions for the area.

6.3.4.2 Hydrodynamics (ADCP)

6.3.4.2.1 Objective(s)

Collection of water velocity data concurrently with barrier island sampling is crucial for understanding
the processes behind the changes in barrier island morphology. These data explain specifically what the
conditions were during and between sampling. Analysis of the data provides information about the
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“basic” physical characteristics of flow in the region. These data will also be used to verify the ADCIRC
and SWAN hydrodynamic models of the region, which are based on the offshore buoys. While the
ADCPs will only be deployed during DCERP, the offshore buoy monitoring stations will persist
indefinitely. Consequently, our goal is to enhance the capability of using the offshore information on
wave climate to predict hydrodynamic conditions at Onslow Beach.

6.3.4.2.2 Relevance to the Base

The information obtained from analysis of these data are directly related to Onslow Beach erosion and
habitat change, a high priority need of MCBCL.

6.3.4.2.3 Scale
Through modeling efforts, data from both monitoring sites will be extrapolated throughout the entire area.

6.3.4.2.4 Linkages within the Module and among other Modules’ Monitoring
Components

The analysis of the data collected from these instruments will aid in the calibration of both the finite
element model ADCIRC set-up for this region and for the wave model, SWAN. Both of these models
directly aid in the objective of constraining the hydrodynamic processes at the barrier, which is the
principle driver of morphologic and habitat change. Additionally, the ADCIRC model of the region may
be employed by the Aquatic/Estuarine Module to understand how the circulation within the estuary
affects water quality and benthic habitat. Special adaptations of the model may also be used by the
Coastal Wetlands Module to understand the effects of hydrodynamics on marsh erosion in that habitat.

6.3.4.2.5 Methods

Spatial/Site Locations

ADCPs will be located 500m seaward of the most seaward remaining piling of Riseley Pier on Onslow
Beach and a similar distance offshore at North Topsail Beach. The instruments will be self-contained
units and diver-deployed.

Temporal Considerations

The ADCPs will be deployed and re-deployed bi-monthly for the duration of the monitoring period. Data
ensembles, representing the average horizontal and vertical flow velocities will be collected every 15
minutes. The wave array ADCP from Teledyne RD Instruments allows for the simultaneous sampling of
wave burst and the standard current profiles. It is essential that at least a yearly record of flow data is
acquired to discriminate the atmospheric drivers from other drivers.

Personnel
=  Senior Researcher: Rick Luettich
=  Post-Doctoral Research Associate: Janelle Fleming
»  Technician: Tony Whipple

Parameters/Variables

The ADCPs will measure the horizontal and vertical water velocities in 0.25m bins from the head of the
instrument to the near surface. Wave data such as significant wave height, maximum wave height, mean
wave height, wave period, and wave direction, will be collected.
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Field and Laboratory Procedures

Deployment of ADCPs requires the use of an oceangoing vessel and university-approved scientific divers
familiar with deploying these stands. Data will be taken continuously then downloaded into electronic
data files for analyses and modeling.

Data Management

The raw data will be entered into the DCERP data and information management system. Units are
generally in terms of meters/second, meters, and seconds. All deployment information and statistics will
be included.

6.3.4.2.6 Data Analysis, Products, and Outcome

ADCP data will be integrated with buoy and tide gauge data. Traditional time-series analysis, as well as
wavelet analysis techniques will be used to analyze these and subsequent data. The main focus will be on
deciphering nearshore hydrodynamics. From this analysis, we expect to know the important tidal
frequencies, their amplitudes and their contributions to the variability of flow within this system.

This information ties directly with the ADCIRC model set-up of the region as knowing the correct tidal
frequencies is imperative for the model to produce comparable results. A physics-based, hydrodynamic-
sediment transport model (MORPHOS), currently in development at the USACE in collaboration with the
Senior Researcher (Rick Luettich), will be used to simulate how longshore transport in 20-m grid cells
and the shoreline position will change in response to extreme storms. Other products will include flow,
wave, and water-level models for the area.

6.3.4.3 Hydrodynamics (Mobile Radar)

6.3.4.3.1 Objectives

The overarching purpose of the mobile radar component is to deploy a monitoring technique that will
bridge the gap between long-term morphological responses of the beach (e.g., erosion over a decade) and
hydrodynamic observations-modeling of short-term events (e.g., storms), and ultimately, enable us to
distinguish the relative importance of multiple causes (e.g., natural versus training exercises) of erosion
across the barrier island beach.

6.3.4.3.2 Relevance to the Base

The mobile radar monitoring will provide real-time maps of the sand bars in the surf zone (and inlet
region) and the shoreline along the entire length of the field site, as well as wave measurements
(direction, period) in the nearshore. This can be conducted quickly and in any weather conditions and will
be instrumental in mitigating beach erosion because we will be able to precisely measure key mechanisms
relevant to sediment transport and beach erosion during storms.

6.3.4.3.3 Scale

The field site will span the accessible regions of the barrier beach from the foreshore swash zone to the
outer surf zone. The entire region will be mapped at 1-2 m spatial resolution and mapping will be
repeated semi-annually, as well as replicate pre- and post-storm events and during select amphibious
exercises.

6.3.4.3.4 Linkages within the Module and among other Modules’ Monitoring
Components

The hydrodynamic measurements and modeling activities will utilize the mobile radar measurements as

part of its calibration and verification of the sediment transport model (MORPHOS). These measurements

will also bridge the gap between beach and nearshore mapping that will be conducted annually and will
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identify regions that are the most dynamic and potentially problematic with respect to overwash and
erosion. These activities will provide essential information on nearshore sediment dynamics during
storms and across seasons for Research Projects CB-1 and CB-2.

6.3.4.3.5 Methods

Spatial/Site Locations

The mobile radar measurements will be conducted along the entire length of the Onslow Beach, New
River Inlet and Brown’s Inlet shoreline during Years 1 and 4. Data will be collected semiannually and
before and after replicate storms from 6 focus sites, 2 of which experience off-road driving, 2 amphibious
landings, and 2 limited human disturbance (Figure 6-11). The radar will be towed along the upper beach
using a small beach vehicle supplied by MCBCL.
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Figure 6-11. Coastal Barrier Module monitoring efforts.

Temporal Considerations

Measurements will be collected every 3 years from the entire barrier and semi-annually each year in the
spring and fall (likely May and September) at the 6 focus sites as well as before and after several replicate
storm events. In addition, we will conduct observations before and after amphibious assault exercises to
measure the resulting changes in nearshore bathymetry.

Personnel
= Senior Researcher: Jesse McNinch
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= Post-docs: Heidi Wadman
=  Technician: 1

Parameters/Variables
= Shoreline position (X, y, z) at 2m spatial resolution
= Sand bar position and morphology (X,y) at 2-m spatial resolution
» Nearshore wave parameters—wave period, direction, approximated height

Field and Laboratory Procedures

Sampling Design and Collection. Radar and ancillary equipment (e.g., computer, motion sensor) will be
towed along the beach with a small beach vehicle. Radar reflectance will be measured and converted into
wave properties and nearshore bathymetry using proprietary software.

Equipment Used.

=  BASIR (4 KW radar)
= Gator (ATV-like beach vehicle)
= RTK GPS

Data Management

Raw and processed data, including bathymetry and wave characteristics (period, height, and direction)
will be integrated into the DCERP data and information management system.

6.3.4.3.6 Data Analysis, Products, and Outcomes

Radar data will be used to develop maps of the shoreline and nearshore sandbars including bathymetry.
These data will be presented as geo-rectified maps using established horizontal and vertical datums.
Effort will be made to integrate with Base personnel such that observations can coincide with relevant
Base use of the beach and surf zone. Furthermore, these data will be instrumental in understanding
sediment transport pathways, and post-storm or post-operations recovery of the beach.

6.3.4.4 Shoreface Bathymetry

6.3.4.4.1 Objectives

The primary objective of the shoreface mapping is to assess the morphology, sediment distribution, and
framework geology of the barrier island nearshore. Historic work (Crowson, 1980; Robertson, 1994;
Riggs et al., 1995; Johnston, 1998; Riggs and Cleary, 1998; Cleary and Riggs, 1999; Filardi, 1999; Sault,
1999; Sproat, 1999; Wise, 1999) provides a comprehensive basis for the development of our synthetic
monitoring of how sediment dynamics influence the bathymetry and island morphology as a function of
the framework geology and physical forcing. Recent studies have established the importance of these
geologic parameters on beach erosion and these must be quantified before beach use/management
strategies can be developed.

6.3.4.4.2 Relevance to the Base

The barrier beach has been identified by Base personnel as a critical part of their training program
(amphibious exercises) and warrants management strategies that will enabled continued use of the beach
while maintaining some semblance to a naturally occurring barrier beach. The shoreface mapping
program will monitor bathymetry that will be used in modeling shoreline change (MORPHOS and
Research Projects CB-1 and CB-2). This effort will be an integral part of mitigating barrier beach erosion.
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6.3.4.4.3 Scale

The nearshore will be mapped from the nearshore sand bar (2—3 meter depths) to the outer surf zone (10—
12 meter depths).

6.3.4.4.4 Linkages within the Module and among other Modules’ Monitoring
Components

These data will link with the barrier mapping, radar beach and sand bar mapping, and hydrodynamic
(ADCP and modeling) monitoring activities. Bathymetric changes around inlets influence tidal flow in
the estuary and will be used in the estuarine circulation modeling of the Aquatic/Estuarine Module.
Changes in bathymetry at the New River Inlet in the south and Brown’s Inlet in the north reflect the
longshore sediment transport that connects Onslow Beach to the neighboring islands.

6.3.4.4.5 Methods

Spatial/Site Locations

Swath bathymetry, side scan sonar, and shallow sub-bottom profiles will be collected across the nearshore
(2-10 meter depths) of the Onslow Beach, New River Inlet, and Brown’s Inlet shoreline (Figure 6-11).

Temporal Considerations

Nearshore mapping will be conducted in Years 1 and 4 across the entire length of the Onslow Beach,
New River Inlet and Brown’s Inlet shoreline. Data will be collected semiannually during Years 1, 3, and 4
from 6 focus sites, 2 of which experience off-road driving, 2 amphibious landings, and 2 with limited
human disturbance

Personnel
=  Senior Researchers: Jesse McNinch
* QGraduate Student: Amy Foxgrover
= Technicians: vessel technician

Parameters/Variables

Nearshore bathymetry (x,y,z), side scan sonar (x,y, amplitude), seismic reflection profiles to assess
sediment thickness and sediment volume.

Field and Laboratory Procedures

Sampling Design and Collection. Bathymetric data will be collected using a interferometric swath sonar
system, which operates continuously from a specially designed vessel capable of accessing the outer sand
bar and beach progressing at 4.0 knots. Sub-bottom data will be collected concurrently using an Edgetech
SB-512 chirp seismic system. Data will be collected during calm sea conditions.

Equipment Used. Surf vessel, swath bathymetry system, sub-bottom profilers, side scan sonar, RTK
GPS

Data Management

Raw and processed data including geo-referenced bathymetric maps and structure maps of the underlying
geology will be integrated into the DCERP data and information management system.

6.3.4.4.6 Data Analysis, Products, and Outcomes

Shoreface bathymetry and seismic maps will be provided as maps in geo-rectified formats using
established horizontal and vertical datums. Parameters, such as sediment volume or 3-dimensional
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bathymetry, will be instrumental in understanding littoral processes and the roles of natural forcings
versus Base use. Furthermore, these data will be an integral component to developing the models (short-
term and long-term) to predict beach change.

6.3.4.5 Barrier Morphology

6.3.4.5.1 Objective(s)

The purpose of monitoring barrier morphology is to ensure sustainability of Base activities into the future
and to improve management capacity for MCBCL’s coastal barrier system. The barrier ecosystems are
defined by their morphology. Morphologic changes in the coastal barrier indicate erosion, accretion, and
vulnerability to extreme events.

6.3.4.5.2 Relevance to the Base

This monitoring component will help mitigate barrier erosion. Long-term erosion rates (1938—1992) vary
significantly along short distances (Benton et al., 1993). For example, erosion rates decrease from >

6 m/yr, adjacent to the New River Inlet, to < 1 m/yr, at the old Riseley Pier 5.8 km to the southwest. To
preserve the land mass in a form that sustains Base activities into the future, (1) Erosion rates need to be
quantified, (2) Acceleration or deceleration in erosion rates needs to be quantified, (3) The spatial
variability in erosion rates needs to be mapped, and (4) it is necessary to understand the causes of and
respond to erosion-rate variability.

Part of the coastal barrier is important for amphibious military training. During training exercises the
ecosystem receives significant boat, foot, and vehicular traffic. However, the underlying geology and
natural sediment-transport pathways may overwhelm any contribution to erosion from anthropogenic
stressors but this relationship needs to be examined.

6.3.4.5.3 Scale

The topography of the entire barrier (ocean shoreline to dune) and 6 focus sites (ocean shoreline to ICW
shoreline) will be mapped at sub-cm spatial resolution (horizontal and vertical).

6.3.4.5.4 Linkages within the Module and among other Modules’ Monitoring
Components

Change in barrier morphology affect sediment delivery to the coastal wetlands and the hydrodynamics of
the estuary. Extensive coastal wetlands exist on the landward side of the barrier and movement of the
shoreline directly affects the function of the coastal marsh environment. For example, wind-transported
sand from the barrier and sand washed over the barrier during storms are important sediment sources for
coastal wetlands that help this environment “keep up” with sea-level rise. Biota is impacted directly by
geomorphologic changes (erosion and accretion) and there is a feedback between changes in morphology
and physical processes. For example, the gradient of the foreshore defines the width of tidal inundation.

6.3.4.5.5 Methods

Spatial/Site Locations

The topography from the ocean shoreline of Onslow beach to the dune, excluding the no-go impact zone
in the north, will be mapped once every 3 years. This activity will coincide with the bathymetry mapping
effort. These two datasets will be merged to enable us to characterize the entire volume of the barrier.
Data will be collected from the ocean and lagoon sides of the barrier semiannually from 6 focus sites, 2 of
which experience off-road driving, 2 amphibious landings, and 2 limited human disturbance (see Figure
6-11). These sites correspond will all of the other monitoring activities in the coastal barrier module and
two coastal marsh sites.
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Temporal Considerations

Morphology will be assessed every 3 years (the entire beach), semiannually (6 focus sites), and before
and after replicate storm events (6 focus sites).

Personnel
= Senior Researcher: Tony Rodriguez
*  Graduate student: (1)
»  Technician: (1)

Parameters/Variables

Spatial data (x, y, and z or easting, northing, and elevation) will be collected. For example, millions of
data points will be collected from each of the six 600-meter wide focus sites along the barrier.

Field and Laboratory Procedures

Sampling Design and Collection. A Riegl LMSZ210ii 3D terrestrial laser scanner system will be used
to collect x, y, and z data points (point clouds) at each site. The system is capable of mapping a 600 m-
diameter circle at sub-centimeter resolution. Each point measured in this circle will have a footprint of
about 1 mm. When the entire barrier is mapped, the laser scanner will be mounted on a 6-wheel drive
Gator (borrowed from MCBCL).

Equipment Used. RTK GPS, Riegl LMSZ210ii 3D terrestrial laser scanner

Data Management

Raw and processed data will be integrated into the DCERP data and information management system.
Units of measure will be eastings, northings, and meters. Data will not be sent directly to the repository
from the monitoring equipment. Topographic maps and grid files will also be integrated into the
Document Database.

6.3.4.5.6 Data Analysis, Products, and Outcomes

= Data will be gridded into three-dimensional perspective maps. Successive maps will be subtracted
to calculate volume change and rate of change.

= Rate of change in habitat aerial extent is an important factor for the ecosystem model;
particularly, when forecasting. Changes in barrier elevation indicate vulnerability to storm surge
and sea-level rise. Changes in barrier volume indicate longshore transport and the balance
between sediment supply and accommodation-space creation.

6.3.4.6 Sediment Compaction, Texture, and Composition

6.3.4.6.1 Objectives

The objective of monitoring sediment compaction, texture, and composition is to use these metrics as
indicators of habitat quality. Sediment texture varies with the intensity of hydrodynamic processes, as the
aerial extent of habitats change, and when dredge material is deposited on the barrier. Vehicles compact
sediment, which degrades the habitat quality of benthic invertebrates. Variations in sediment composition
helps determine transport pathways, given the extreme variability in the framework geology along
Onslow Beach (Robertson, 1994; Filardi, 1999).

6.3.4.6.2 Relevance to the Base

A key management objective is to sustain sea turtle and shore bird use, which involves habitat quality as
defined by sediment characteristics and dependant benthic invertebrate prey resources. Sediment
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compaction, texture, and composition are important factors in sediment transport, benthic invertebrate
composition and abundance, bird-foraging success, and thus habitat quality.

6.3.4.6.3 Scale

Samples will be obtained along 6 monitoring focus sites. Both terrestrial samples and sea-floor samples
will be analyzed. Along-beach variability in sediment texture is likely lower than the spacing of the 6
monitoring swaths (Cleary and Riggs, 1999).

6.3.4.6.4 Linkages within the Module and among other Modules’ Monitoring
Components

Sediment texture is important for all of the module teams; however, it is likely to have higher temporal
variation on the coastal barrier given the higher energy environment. Sediment compaction, texture, and
type are important variables to consider when evaluating habitat quality and will be integrated into the
bird, sea turtle and benthic invertebrate monitoring activities and used in Research Project CB-3.

6.3.4.6.5 Methods

Spatial/Site Locations

Figure 6-11 is not at an appropriate scale to show individual sampling site locations. Approximately 30
samples will be obtained from -10 m below sea level to the interface between the dune and marsh (evenly
distributed). Sampling will take place semiannually from the 6 focus sites, 2 of which experience off-road
driving, 2 amphibious landings, and 2 with limited human disturbances.

Temporal Considerations

Samples and measurements of compaction, sediment texture, and composition will be collected twice a
year: once in May and once in September.

Personnel
= Senior Researcher: Tony Rodriguez
= Graduate student: (1) (the same graduate student used in Section 6.3.4.5)
»  Technician: (1)

Parameters/Variables

Grain size will be measured in individual weight percent and broken into 100 bins from greater than 2000
microns (gravel) to 0.04 microns (clay). Sample mineralogy including % carbonate, % lithic, and %
mineral will be quantified on 1/4 of the samples. Adjacent to each sample location, compaction (stress or
Pa) will be measured in-situ.

Field and Laboratory Procedures

Sampling Design and Collection. Samples will be obtained using a piston coring device from the
shoaling zone to 10 m below sea level and 7.5 cm-diameter shallow sediment cores elsewhere. The
number of samples (20) that will be taken along each focus site were chosen to capture the spatial
variability in grain size and composition that commonly exists between the dune, foreshore, upper
shoreface, and lower shoreface. Sample mineralogic composition will be determined using a binocular
microscope. A cone penetrometer will be used to measure compaction.

Equipment Used.

= (Cilas 1180 Laser Particle Size Analyzer
= Piston corer
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= Hand corer

= Cone penetrometer

=  Binocular microscope
= 2000 micron sieve

Data Management

Raw data will be integrated into the DCERP data and information management system. Units of measure
will be individual weight percent and cumulative weight percent for 100 different size classes from gravel
(> 2 mm) to clay (< 0.0039 mm), percent shell, lithic, and mineral for the sediment samples, and stress
where penetrometer readings will be obtained.

6.3.4.6.6 Data Analysis, Products, and Outcomes

Graphs of individual weight percent versus diameter will be produced for each sample. The diameters at
10%, 50%, 90%, and the mean will be calculated. Maps of mean grain size, compaction, and mineralogy
will be produced and integrated with monitoring of benthic invertebrates, shore birds, and sea turtles.
Sediment texture, mineralogy, and compaction indicate habitat quality and extent. For example, foraging
success, turtle-nesting site locations, and sediment transport are all controlled, in part, by sediment
texture.

6.3.4.7 Benthic Invertebrates

6.3.4.7.1 Objective(s)

The sandy-beach macroinvertebrates will be monitored along the ocean beaches (and on sand flats on
inlet and back barrier shores for the shorebird productivity Research Project CB-3 in Years 2 and 3)
because these animals represent the universal food supply for all demersal surf fishes and shorebirds, a
prey resource that is impacted by natural physical-sedimentological forcing mechanisms and by Base
activities (physical disturbance by vehicles and more importantly, by massive sediment deposition and
potential changes in sediment character during and after potential beach nourishment).

6.3.4.7.2 Relevance to the Base

Efforts will ensure that MCBCL supports all required military training activities while complying with
the ESA and other wildlife requirements. Data and associated analyses will be used to develop
conservation management procedures and to best design mitigation in the case of beach nourishment or
the introduction of new uses to the coastal barrier system.

6.3.4.7.3 Scale

Benthic invertebrates vary spatially along ocean beaches if there are differences in sedimentology,
sediment transport rates, or predation intensity. In addition, the benthos of the beach changes with
elevation from the shallow subtidal (-1 m depth at low tide) to the higher intertidal, requiring that
sampling be done along vertical transects. Temporally, the benthic invertebrates of North Carolina
beaches have an intense seasonal cycle related to reproductive pulses in spring and summer, mortality by
predation during summer and fall as the surf zone serves as nursery for pompano, sea mullet, and
flounders, and as shorebird predation is intense, especially during migration. Maximum abundances and
biomass occurs around May and minimum around January. Thus sampling is best done on multiple dates
to capture an indication of peak abundance in spring and abundance in fall when shorebirds and surf fish
still require prey from this habitat. Intense storms may also induce some temporal dynamics, thought to
reflect transport and passive migration offshore with subsequent return to the intertidal zone as conditions
calm and sediment is gradually welded back onto the beach face. Thus, event-scale sampling is important
relative to hurricanes.
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One beach invertebrate, the ghost crab, is an important predator on sea turtle eggs and perhaps also
hatchlings. It constructs burrows from the mid intertidal zone to the back dunes, requiring sampling by
vertical transects perpendicular to the shoreline and extending back to where the burrows disappear. On
sand flats where the physical energy levels are dramatically reduced, there is also a seasonal cycle in
abundance, driven more by reproductive periodicity, growth of the invertebrates, and predation pressure.
Thus sampling of invertebrates on these protected sand flats as part of the shorebird feeding study will be
conducted concurrent with feeding observations.

6.3.4.7.4 Linkages within the Module and among other Modules’ Monitoring
Components

The monitoring of benthic macroinvertebrates on the ocean beaches will be matched in time and space to
all the linked measurements of process and state of other relevant physical and biological variables so as
to allow construction of the process-based understanding of coastal barrier ecosystem dynamics.
Specifically, the wave and longshore current information will be continuous. The geomorphology,
sediment transport, and sediment composition monitoring will be done semiannually and on an event
scale before and after major storms, and conducted on the identical 6 sites as will be monitored for the
ocean beach benthic invertebrates. The barrier vegetation will be monitored on those same six sites
quarterly, including each of the May and September dates when benthos is to be sampled. The shorebird
habitat use monitoring is done along the entire barrier and recorded by mile from inlet to inlet about every
10 days during the productive season by Base personnel. Thus these observations, which are species-
specific, can and will be binned to extract numbers matching each of our six sites. Sea turtle nesting and
false crawls are recorded site-by-site along the entire barrier for every day in the nesting season and
hatching success recorded at the end of the season, so these data too can be readily binned to match the
six study sites. Consequently, the entire set of interacting ecosystem processes is matched in time and
space to allow analysis, synthesis, and interpretation of how the coastal barrier ecosystem is organized
and how these processes interplay to dictate shoreline position, island area, and success of listed and other
species of concern.

The other ecosystem components that are directly tied to the benthic invertebrates are the wave energy
and sediment transport, the sediment composition, and the shorebird feeding and nesting success. On the
event scale of major storms (hurricanes and northeasters), we will assess by before-after sampling how
the benthic invertebrate resources are affected by and how they recover from the intense physical
disturbance of waves and sediment transport. By linking these two aspects of the ocean beach system, we
will test the null hypothesis that the benthic macrofauna of the sandy beach is simply transported offshore
along with sediments during storms as a dissipative beach is formed and then transported back into the
intertidal (especially swash) zone as calm conditions restore a more reflective beach condition by welding
sands from offshore bars back onto the intertidal beach face. Testing this hypothesis relating to adaptation
of the benthos to dynamic sediment movement has significant application to avoiding or minimizing
habitat impacts associated with potentially desirable beach nourishment because the Environmental
Impact Statement (EIS) or Environmental Assessment (EA) prepared in support of beach nourishment can
then be based on site-specific field evidence of the resilience of the benthos to massive sediment
transport.

In addition, assessing how the benthos varies with sediment grain size and shell content through
analyzing the associations of sedimentology with benthic invertebrates will provide insight into how the
legacy of high-energy sediment transport in the form of sedimentology has a lasting impact on the
benthos. This information too has great practical significance because this too is critical in a EIS or EA in
support of potential beach nourishment in situations like Onslow Beach where beach-compatible sand
resources are difficult to locate nearby. By relating sedimentology to benthos, we will test the hypotheses
that coquina clams are suppressed by coarse sediments, including shell hash, whereas mole crabs are
facilitated by coarse sediments. Then by assessing how shorebird feeding and nesting success are related
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to the abundance and biomass of major benthic taxa (coquina clams, mole crabs, amphipods, and
polychaetes), we will collect the necessary site-specific information on how natural changes in
sedimentology or modifications of sediment size through potential beach nourishment to predict the
impact of the ocean beach as habitat for shorebirds and, by extension surf fishes. We will test the specific
hypotheses that because willets target large mole crabs they are enhanced by how coarsening of sediments
promotes mole crabs, that because sanderlings consume only small coquina clams, mole crabs of all sizes,
amphipods, and polychaetes that their response to sediment size change must depend on the entire benthic
community, and because ruddy turnstones and plovers utilize drift (stranded invertebrates along drift
lines) and drift is composed mostly of mole crabs, that sediment coarsening will favor these shorebirds.
This too has importance for EIS and EA development in support of beach nourishment because the piping
plover is a listed species of federal concern.

Finally, we will relate the habitat choice of red knots, a migratory shorebird species of concern likely
soon to be listed, to sedimentology and prey resources. For those species like the red knot and plovers that
forage intensively on sand flats on the back-barrier shores, we have a specific Research Project CB-3
involving experimental testing of how habitat choice, feeding success, and nesting success (productivity)
depend on history of overwash, current sedimentology, and the likely dependent macrobenthic prey
community in a research project that is made ecosystem-based by linking sediment transport during
storms, sedimentological legacies, macrobenthos pr