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EXECUTIVE SUMMARY
ES.1 - INTRODUCTION
The Herring River is a 1000+ acre estuary system located on Outer Cape Cod. A majority of the
system is located in Wellfleet, Massachusetts and is physically separated from Wellfleet Harbor
by a compound dike system at the Chequessett Neck Road crossing. The system is hydraulically
connected to Wellfleet Harbor through the dike by three 6-foot wide box culverts, each with a
flow control structure (Figure ES-1). One culvert has an adjustable sluice gate, which is
currently set to be partially open two (2) feet and allows bi-directional tidal flow. The remaining
two culverts have tidal flap gates, which are designed to permit flow only during an ebbing
(outgoing) tide. Tidal exchange between the tidal marsh and harbor is severely restricted by the
dike and culvert system. Herring River has been tidally restricted for over a century, which has
resulted in significant degradation of the ecological functions and values of the marsh.
Prior to the dike construction in
1909, Herring River was
connected to Wellfleet Harbor
through a natural inlet at
Chequessett Neck. The marsh
system consisted of nearly
1,100 acres of thriving coastal
wetlands, including a productive
herring run, shellfishery, and
tidal marsh habitats. The dike
construction, intended to control
mosquitoes
and
create
additional developable land
area, significantly degraded the
natural
marsh
ecosystem.
Today, after 100 years of
influence, as well as numerous
other anthropogenic impacts
(e.g., upstream culverts, railroad
crossings, ditch creation, etc.), Figure ES-1. Dike structure at the Chequessett Neck Road crossing.
hundreds of acres of intertidal
tidal marsh have been degraded. This transition has eliminated habitat for estuarine flora and
fauna. On-site monitoring has documented reduced tidal amplitudes, minimal salinity levels,
loss of marsh vegetation, degraded fish and wildlife habitat, decomposition and subsidence of
soils/sediments, and colonization by invasive species.
The Herring River Restoration Committee (HRRC), a multi-agency group appointed by the Cape
Cod National Seashore and the Towns of Wellfleet and Truro, has recognized the environmental
and socioeconomic benefits of restoring this tidally restricted and degraded wetland system, and
is currently developing a comprehensive restoration project/plan that is geared towards
identification of restoration actions and adaptive management strategies that will improve the
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system through a monitored and adjustable approach. As part of the restoration effort, the
HRRC requested the development of a comprehensive hydrodynamic model that could be used
to assess existing conditions within the estuarine system, as well as evaluate a range of
alternatives and their potential impacts. The model was required to be sufficiently flexible to
integrate with the adaptive management approach, capable of simulating the complexities of the
Herring River system (e.g., marsh surface wetting and drying, salinity levels, a range of flow
control structures, etc.). Working with the Towns of Wellfleet and Truro, the HRRC contracted
with the Woods Hole Group (WHG) to identify and develop the hydrodynamic model for the
Herring River system.
The hydrodynamic modeling effort is a major component of the restoration plan that will address
numerous concerns associated with re-establishing increased tidal exchange, as well as provide
the necessary information to design an appropriate system of dikes, culverts, and road crossings.
The purpose of this report is to provide details on the development and implementation of the
hydrodynamic model for the Herring River System. It is expected that as the restoration plan
continues to progress, the model could also be used to assess final design alternatives, refine the
adaptive management approach, address additional physical mechanisms as needed, provide
visualizations of the proposed alternatives, and provide an adaptive tool for integration of
monitoring results.
ES.2 – MODEL SCOPING AND SELECTION
The overall goal of the Herring River Restoration Project is to create a productive, natural
environment that will sustain itself with improved water quality and a strengthened ecosystem by
restoring tidal flow to the estuary. While it would be desirable to allow the Herring River
estuary to simply resume its previous natural state of unimpeded tidal flow, human and
environmental constraints pose limitations on the extent to which the natural tidal flow can be
restored. The success of the project will largely depend on the successful implementation of a
comprehensive restoration plan, which addresses all the important issues related to those
limitations. Hydrodynamic modeling is a central piece in developing this plan as it allows for
the evaluation of specific questions about potential changes to surface water flow, velocities,
water surface elevation, and salinity levels within the estuary.
Following an eel kill in the fall of 1980, which drew attention to the poor and declining water
quality in the Herring River upstream of the dike, a significant amount of literature was
generated documenting studies conducted within the area. These studies indicated the
detrimental impact caused by the diking of the system and called for tidal restoration in order to
revitalize the ecosystem. This led to the development of some hydrodynamic model efforts to
assess the Herring River System. Overall and not surprisingly, the previous modeling efforts
demonstrated that larger openings in the dike would cause increases to the mean tidal elevation
and the tidal range. Increasing the opening would also increase the saltwater penetration
distance. These modeling efforts provided a good initial evaluation of potential restoration
options for Herring River.
The model developed by the WHG as part of this scope of work further advances the
hydrodynamic understanding throughout the entire Herring River estuarine system. The model
more precisely represents the geometry of the estuary (including its plan form); it considers
Herring River Hydrodynamic Modeling
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variable frictional effects throughout the estuary; it allows for flooding, drying, and ponding of
water; it produces accurate current velocities and water surface elevations throughout the
estuary; and it properly represents the physics of mixing for a wide range of forcing conditions.
The Herring River restoration project requires a model that incorporates the physics necessary to
analyze water surface elevation, current velocities, salinity, sediment transport, and water
quality. The model has to be dynamic, capable of handling bi-directional flow, high resolution to
identify important processes, and flexible enough to link with other potential modeling tools
(e.g., biological models) in an adaptive management setting. After evaluation of over 10 of the
most capable hydrodynamic models in conjunction with the goals of the restoration project, the
Environmental Fluid Dynamics Code (EFDC) model was selected to simulate the Herring River
estuarine system. The model has been applied to studies of circulation, discharge dilution, water
quality, Total Maximum Daily Load (TMDL), and sediment transport. EFDC is capable of
predicting hydrodynamics and water quality in multiple dimensions and is a widely accepted
Environmental Protection Agency (EPA) approved model.
ES.3 – MODEL APPROACH
The overall model approach that was applied to develop the hydrodynamic model for the Herring
River system consisted of a phased approach that allowed for key stopping points to evaluate
model performance and progress. This allowed for a flexible approach that included the
incorporation of new data, and/or a re-direction of the effort based on the results of the current
modeling phase. The primary steps in the modeling approach include:
1. Model Calibration - Model calibration is the process by which adjustments are made to
the model parameters to ensure the model appropriately simulates measured water
surface elevation, salinity, and other observed parameters.
2. Model Validation - Model validation is achieved by applying the calibrated model, with
its fixed parameters, to one or more sets of observed data that are independent from the
calibration data. Typically, sets of data for validation are collected at a different time and
under conditions that differ from the calibration period.
3. Existing Conditions Simulations - Once the model has been calibrated and validated,
additional simulations are conducted to provide a better understanding of the behavior of
the system over a broader range of forcing conditions. These existing conditions
simulations also provide a baseline for comparison to proposed restoration alternatives in
order to gauge the potential benefits and/or risks associated with different restoration
alternatives. Various conditions simulated include the spring/neap tidal conditions, storm
scenarios, and sea level rise cases.
4. Chequessett Neck Road Dike Alternative Simulations – Several alternatives were
simulated to evaluate the response of the Herring River system to modifications of the
Chequessett Neck Road dike. These simulations included, but were not limited to, the
removal of all anthropogenic structures (to provide an estimate of maximum restoration
potential and assess historic conditions), optimization of a new dike opening width, and
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various opening heights with flow control structures to provide potential adaptive
management openings.
5. Upstream Feature Evaluations and Alternative Simulations - Alternative simulations
focused on the culverts located in the upstream portions of the system. Specifically, this
included evaluation of the crossing at High Toss Road, removal of the large flood tidal
shoal existing just upstream of the dike, and assessment of the various road/culverts
upstream throughout the system.
6. Mill Creek Sub-Basin Alternative Simulations - Alternative simulations were focused on
evaluation of the Mill Creek sub-basin, including the potential implementation of a new
dike restricting tidal exchange into this portion of the system. Evaluation of these
simulations included construction of a Mill Creek Dike, optimization of a Mill Creek dike
culvert (height and width), a re-graded Chequessett Yacht & Country Club (CYCC) golf
course, and a preliminary assessment of potential groundwater impacts.
ES.4 – MODEL DEVELOPMENT
The development of the Herring River hydrodynamic model required configuration so the model
would represent the form and function of the real system (i.e., the Herring River Estuary).
Model configuration involves compiling observed data from the actual estuarine system into the
format required for the execution of the model. The Herring River estuary model was developed
using various data observed throughout the Herring River system. Data were provided by
various agencies and were assumed to be correct and appropriate for model development of the
Herring
River
system.
Evaluation of the accuracy of the
data observations was not a
component of this modeling
study.
ES.4.1 Existing Data
The data required for the
development of a more robust
and
detailed
hydrodynamic
model, are of two distinct types,
topographic and hydrographic.
The topographic data are
required to construct the model
geometry, while the hydrologic
data are required for model
forcing and proper calibration
and verification to ensure the
model will provide accurate
predictions.
Additional data
types are also required to further
utilize the model to assess other
Herring River Hydrodynamic Modeling
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physical processes. For example, sediment information is required for sediment transport
modeling, salinity observations to assess salt levels in the system, etc.
High-resolution photogrammetry data (approximately 200,000 points within the estuary above
the mean low water elevation) collected in 2007 were used to accurately develop the model
elevations throughout the marsh system (Figure ES-2). Bathymetric data (at elevations below
the lower limit of the photogrammetry data) were used to provide depths within the creeks and
streams of the Herring River estuary system, as well as for the area just downstream of the dike.
Water surface elevation data were collected by the National Park Service at various locations
throughout the estuary. Data
were collected in 2007 and
2010. Figure ES-3 shows
the water surface elevation
data collected in 2010 from
locations just upstream and
downstream of the dike.
Salinity and temperature
data were also collected at
two (2) locations. Subsets of
these data were used for
both model calibration and
verification.
Other
hydrologic data that was also
used in model verification
includes the data collected
for the earlier modeling
studies from 1999-2000.
Water surface elevation,
salinity, temperature, and
Figure ES-3. Water surface elevation data collected in 2010 from
locations just upstream (red) and downstream (blue) of the dike.
other data records continue
to be collected throughout
the Herring River estuary system by National Park Service.
Various types of sediment data were also used to analyze and model sediment mobilization and
transport. These data included sediment samples and associated grain size analysis, sediment
cores, synoptic measurements of total suspended solids, and continuous measurements of
turbidity.
ES.4.2 Model Grid Generation
The development of a model grid defines the spatial domain on which the model performs its
calculations. The model grid is a digital abstraction of the real life geometry of the Herring
River system. The grid building process involves using geo-referenced digital maps or aerial
photos to define the model domain, generating a grid within this domain providing the desired
degree of spatial resolution, and assigning elevation values to the grid using the topographic and
bathymetric data sets. The accuracy of the model is highly dependent on accurate representation
Herring River Hydrodynamic Modeling
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of the form of the real system expressed through the model grid. For this system, a curvilinear
orthogonal grid was developed because of its increased flexibility, allowing grid boundaries to
better follow natural irregular boundaries. The curvilinear orthogonal grid also allows gradual
variation in horizontal resolutions, such that higher resolution areas can be defined in areas
where greater detail is required. The resulting Herring River grid has over 85,000 cells with
resolution of less than 10 feet in critical areas. The grid has satisfactory orthogonality and aspect
ratio, as well as smooth boundary point distribution and resolution change. Figure ES-4 shows a
portion of the modeling grid near the Chequessett Neck Road dike. The black boxes show the
resolution of the grid, while the color scale shows the elevation of the topography in the model
domain.

Figure ES-4. Detail of model grid showing bottom elevation contours and individual grid cells
near the Chequessett Neck Road dike.

ES.4.3

Boundary Conditions and Model Parameters

In order for the Herring River model to compute a hydrodynamic solution it is necessary to
specify the model variables on the domain boundaries. The Herring River model consisted of the
following:
•

Most of the model’s boundary is considered to be a “land” boundary, which for the
Herring River model was specified at an elevation of 12 feet NAVD88. This elevation
provides the upper limit of expected water surface elevation during extreme storm events
(100-year return period). At these land boundaries, water is constrained to flow only
parallel to the boundary.
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•

The primary forcing for the model is provided by an open boundary at the southern end
of the model domain in Wellfleet Harbor. At this location, time dependent water surface
elevation and salt concentration is specified, as observed by gauge data from Wellfleet
Harbor.

•

Freshwater inflow volumetric flux is also specified in the model at three separate
locations (Bound Brook, upper Herring River, and Pole Dike Creek) to simulate
freshwater inflow into the estuary.

•

Bihourly precipitation data collected at the National Atmospheric Deposition Program
(NADP) station MA01 was used to provide rainfall input to the model.

•

Bottom friction (or roughness length) throughout the model domain was assigned to
individual cells to represent the characteristics of the flow through the system.
Physically, bottom drag forces depend on a number of phenomena that are difficult to
characterize. These include bottom material type, growth of biota, and the amount of
channel meander, which all contribute to the overall energy loss that are accounted for by
the bottom friction. Bottom friction parameters are typically used for “tuning”
hydrodynamic model to reproduce the data observations. For the Herring River model,
local adjustments were made to the roughness length values in order to improve the
model results to match observed data. For example, observed data at the Pole Dike Creek
gauge locations show the complete dampening of the tidal signal at this point in the
estuary. This is likely due to the dense submerged aquatic vegetation (SAV) that exists in
this creek and other vegetative influences in this relatively narrow channel. Observations
conducted in 2008 indicated the creek to be almost impenetrable by canoe. Therefore,
there are significant frictional and/or constriction influences in this portion of the
estuarine system and a higher frictional parameter was assigned to replicate the real
world conditions. All final assigned values are considered within the range of normal
bottom friction values determined through empirical laboratory testing.

•

Various types of flow control structures were also modeled throughout the systems. This
included developing hydraulic routines embedded in the model to simulate culverts, slide
(sluice) gates, and flap gates.

ES.4.4 Model Calibration and Validation
Model calibration is the process in which model parameters are systematically adjusted through a
range of acceptable values and results are examined using standard measures of error. The
Herring River model was calibrated to water surface elevation observations collected between
September 5, 2007 and October 3, 2007 at seven locations throughout the estuary and calibrated
to salinity at a station in the Lower Herring River. The model performance is evaluated by
comparing time series output from the model to the observed time series at specific locations.
The results are presented visually as time series plots and scatter plots, and absolute error of the
model is quantified by calculating the bias and Root Mean Square Error (RMSE). For example,
Figure ES-5 shows a visual comparison of the modeled (red) and measured (blue) water surface
elevations at the tide station just upstream of High Toss Road for data collected in 2007. Figure
ES-6 shows the associated scatter plot and calibration errors for the same location. Additionally,
Herring River Hydrodynamic Modeling
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the five most dominant modeled and
measured tidal constituents are
compared using both amplitude and
phase.

Figure ES-5. Water surface elevation data comparison for
modeled (red) and measured (blue) time series just upstream
of High Toss Road.

The magnitudes of the water surface
elevation errors were well within
bounds of standard calibration limits
for hydrodynamic models. The model
bias was less than 0.1 feet for all
locations meaning that the calibration
simulation reproduced average water
levels that were within an inch or two
of observed levels. The root mean
square error was less than 0.4 feet for
all locations indicating that on average
the modeled water level is within a
few inches of the observed level at any
given time.
Relative errors were
approximately 1-2% at all locations.

Salt penetration in the Herring River in its current restricted state is not normally observed above
High Toss Road. As such, verifying that the model could accurately simulate salinity throughout
the entire system was not feasible since
currently salt only penetrates into the
lower portion of the Herring River
system. In the Lower Herring River
where salinity data are available, the
model is well calibrated with a relative
error of 11%, which is well below the
EPA recommended value.
Following calibration, the model was also
validated to two additional data sets
collected in 1999 and 2010. Validation
involves applying the calibrated model to
set of observed data that are independent
from the calibration data set without
changing the model configuration or
parameterization.
The water surface
elevation relative errors were 1.7% and
2.8% for the 1999 and 2010 data sets,
respectively.
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ES.5 – EXISTING CONDITIONS
The calibrated and validated model was further applied to simulate a number of scenarios to aid
in understanding the behavior of the Herring River estuary in its current restricted state. In
addition to providing better understanding of the current system, these simulations also provided
a baseline for comparison to alternative simulations. For example, the impact of opening the
Chequessett Neck Road dike on the potential storm surge signal throughout the estuary system
can be evaluated compared to existing conditions.
The existing conditions simulations consisted of normal tidal conditions, storm scenarios, and
sea level rise cases. Normal tidal conditions were simulated by using the same water surface
elevation data used during calibration and validation without the inclusion of temporally specific
atmospheric forcing (wind, rainfall, etc.). Storm events and forecasted sea level rise (SLR)
scenarios were simulated by modifying the water surface elevation boundary conditions to
represent storm surge and/or long-term sea level rise increases.
The return-period tidal flood simulations demonstrate the effectiveness of the existing
Chequessett Neck Dike in reducing storm surge. For example, during the 100-year flood event,
the greatest increase in peak elevation is only 0.7 feet above the normal high water conditions in
Lower Herring River, a 63% reduction in storm surge height between Wellfleet Harbor and High
Toss Road. Sea level rise simulations were also conducted to provide an estimate of future
projected water levels in the Herring River over the next half century. Three (3) projected rates
of sea level rise (high, intermediate, and low) were used based on federal guidelines for
incorporating sea level change considerations in civil works programs.
ES.6 – ALTERNATIVE EVALUATION AND SCREENING
A series of alternatives were simulated that were geared towards gaining a better understanding
of system response to potential modifications, while determining potential adaptive management
steps and restoration endpoints. The results of alternative evaluation and screening were used to
assist in defining specific restoration alternatives that were further analyzed, detailed, and
selected for design consideration.
First a simulation of the “natural” Herring River system through the removal of all anthropogenic
features (e.g., culverts, dikes, railroad beds, etc.) was conducted. In this scenario, the system was
allowed to be fully open to tidal flow and allow relatively uninhibited exchange throughout the
entire estuarine system. This simulation could be considered a reasonable representation of the
greatest restoration level that may be expected for a natural system (excluding natural and/or
anthropogenic changes to the bathymetry/topography) and a reasonable facsimile of the historic
(a century ago) conditions of the system. Although the fully open alternative is not likely a
reasonable final solution given the upland infrastructure that has been developed over the last
century, this alternative does provide a reasonable estimate of the maximum restoration potential
for the Herring River system and is used for comparison purposes. Figure ES-7 shows a
comparison of the maximum water surface elevation for existing conditions (left panel) and for
the simulation that removed all anthropogenic structures (right panel), under normal tidal
conditions. Tidal water is shown in yellow in both the upper and lower panels.
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Figure ES-7. Maximum water levels in the Herring River system for existing conditions (left panel) and
for the no anthropogenic structures simulation (right panel).

Next, a range of potential opening widths at Chequessett Neck Road was simulated to determine
the water surface elevations, tidal ranges, and salinity levels throughout the Herring River
system. The results indicated that a 100 foot (30 meter) opening would optimize the water
surface elevations and tidal range within the Herring River system, while a 165 foot (50 meter)
opening would optimize the salinity penetration into the system.
Figure ES-8 shows water surface
elevation time series results for
opening sizes ranging between
approximately 30 feet (10 meters) and
325 feet (100 meters), while Figure
ES-9 shows the levels of Mean High
Water (MHW) and Mean Low Water
(MLW) in the lower Herring River
sub-basin for increasing opening
widths at Chequessett Neck Road.
While a 100 foot (30 meter) opening
optimized the water surface elevation
levels, salinity levels were optimized
with a 165 foot (50 meter) opening.
Figure ES-10 shows the increased
salinity penetration resulting from a
165 foot (50 meter) opening (right
panel) compared to a 100 foot (30
meter) opening (left panel). Although
wider openings (greater than 165 feet)
continued to let more tidal water and
salt into the system, the changes were
minimal and therefore produced
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diminishing restoration value. A 165 foot opening at Chequessett Neck Road was determined to
be the largest width required to optimize restoration.

Figure ES-9. Mean High Water (red) and Mean Low Water
(blue) levels in the lower Herring River sub-basin for a range
of opening widths at Chequessett Neck Road.

Following the selection of the
optimal Chequessett Neck Road
dike opening width, simulations
for various opening heights
(assumed to be controlled by
slide/sluice gate structures in the
new
dike
opening)
were
conducted.
These simulations
evaluated targeted endpoints for
restoration (based on limiting
water surface elevations that could
be
accepted
during
storm
conditions throughout the system)
and provided opening sizes that
could be used as initial set points
in the adaptive management
process. Results indicated that:

• A uniform 3’ slide (sluice)
gate opening across the entire 165’ dike opening would limit the 100-year storm event
water surface elevation to less than 6.0 feet NAVD88 throughout the system.
•

A uniform 10’ slide (sluice) gate opening, which is fully vertically open, limits the 100year storm event water surface elevation to less than 7.5 feet NAVD88 throughout the
system.
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Figure ES-10. Salinity concentration throughout the Herring River system with an opening width at
Chequessett Neck Road of 100 feet (30 meters) and 165 feet (50 meters). Color scale show salinity levels
in practical salinity units (psu).

Based on the width and height variants simulated, recommended alternatives were selected for
the new dike opening at Chequessett Neck Road that represented specific restoration endpoints.
These restoration endpoints were intended to be eventually achieved through an adaptive
management approach that would allow for controlled advancement towards the endpoints.
Specifically, the following three alternatives were defined for the Chequessett Neck Road dike:
•

A new Chequessett Neck Road dike with a 165’ wide opening and a future targeted
maximum 100-year storm water surface elevation of 6.0 feet NAVD88 in the Lower
Herring River (achieved with an approximate 3’ slide [sluice] gate opening). Golf course
re-grading and other flood proofing would be required in the Mill Creek sub-basin for
this alternative. Several segments of low-lying roads would also require elevation
increases and re-grading. Restoration would be significant through most of the system,
but would not be maximized since the lower infrastructure elevations in the Mill Creek
sub-basin would limit the maximum water surface elevation allowed in the system as a
whole.

•

A new Chequessett Neck Road dike with a 165’ wide opening and a future targeted
maximum 100-year storm water surface elevation of 7.5 feet NAVD88 in the Lower
Herring River (achieved with an approximate 10’ slide [sluice] gate opening) with a new
dike at Mill Creek to eliminate tidal exchange. A new proposed dike at the entrance to
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Mill Creek with a one-way flap gate flow control structure would be installed to eliminate
the tidal exchange into Mill Creek. This would allow freshwater flow out of the Mill
Creek basin, but would not allow tidal water into the Mill Creek basin. As such, this
alternative would maximize restoration throughout the Herring River system, but the Mill
Creek sub-basin would remain a non-tidal system. No re-grading or flood proofing in the
Mill Creek sub-basin would be proposed, but flood mitigation would be required in other
sub-basins, including elevating and re-grading low lying roads.
•

A new Chequessett Neck Road dike with a 165’ wide opening and a future targeted
maximum 100-year storm water surface elevation of 7.5 feet NAVD88 in the Lower
Herring River (achieved with an approximate 10’ slide [sluice] gate opening) with a new
dike at Mill Creek to limit tidal exchange. This alternative would maximize restoration
throughout the entire system; however, the new dike at the entrance to Mill Creek with
appropriate flow control structure(s) would limit the tidal exchange into Mill Creek. This
new Mill Creek dike would produce similar water levels as the 3’ slide/sluice gate
opening alternative within the Mill Creek sub-basin. Flood proofing and mitigation
would be needed in select locations within the Herring River flood plain.

Since the Mill Creek sub-basin was a critical element of each of these defined alternatives, these
three (3) final alternatives were further detailed through detailed assessment of the Mill Creek
sub-basin. Therefore, simulation of potential tidal control at the entrance to the Mill Creek subbasin, which followed a similar approach to the modeling and assessment of an opening at the
Chequessett Neck Road dike, were conducted. This includes (1) optimization of an opening
width at a new Mill Creek dike; (2) potential opening heights of a flow control structure to allow
limited water into Mill Creek sub-basin; (3) simulations of a re-graded golf course region; (4)
evaluation of the Mill Creek sub-basin completely blocked from tidal exchange and the effect on
freshwater outflow, and (5) a preliminary assessment of potential groundwater impacts in the
Mill Creek sub-basin relative to both sea level rise and the restoration effort. These results
indicated that:
•

A 25 foot opening in a new dike at the entrance to Mill Creek would optimize restoration
in the Mill Creek sub-basin with the optimized opening at the Chequessett Neck Road
dike.

•

Alternatives that could be considered for managing water levels within Mill Creek
include a maximum 3 foot sluice opening at Chequessett Neck Road with no dike at Mill
Creek, or a dike at Mill Creek that would allow for managed water levels when the sluice
opening at the Chequessett Neck Road dike is increased to opening sizes greater than 3
feet. The Mill Creek sluice/slide gate could also be closed completely and only allow
flow out of the system.

•

A re-graded golf course would remove some flood storage capacity from the Mill Creek
sub-basin. For example, under the alternative with a 10 foot sluice opening at
Chequessett Neck Road and a 3 foot sluice opening at Mill Creek, a peak water surface
elevation of approximately 6.4 feet would occur during a 100-year storm surge event in
the re-graded Mill Creek sub-basin, while a peak water surface elevation of 6.0 feet
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would occur with the existing topography. Therefore, for a re-graded golf course area, an
adaptive management approach would need to be implemented that would be able to
adequately anticipate and manage water surface elevations in the Mill Creek sub-basin.
•

Simulations of freshwater storm events (heavy rainfall) in the Mill Creek sub-basin
indicated that proposed alternatives would decrease the ability of the additional water to
drain from the system, but would not increase the water surface elevation level above the
normal mean high water level within Mill Creek. For the alternative that would
completely eliminate tides from the Mill Creek sub-basin, the water surface elevation
would not exceed 2 feet NAVD88 during any of the storm cases considered.

•

Using the results of a preliminary evaluation, the impacts of sea level rise on the
groundwater levels in the Mill Creek sub-basin indicate that under all three sea level rise
scenarios (low, intermediate, high), the greatest increase in water table elevation would
be 1.12 feet in 50 years in areas closest to Wellfleet Harbor. In general, a larger increase
in water table elevation is expected at locations closer to Wellfleet Harbor, while a
smaller increase is expected at locations near Mill Creek.

Additional findings and recommendations, corresponding to the overall restoration effort,
include:
•

Lowering the culvert inverts at the Chequessett Neck Road dike does allow a greater
volume of flow (slightly higher tides); however, without a significant adjustment to the
local bathymetry upstream and downstream of the dike, the low water level does not
decrease. It may be feasible that a lower culvert invert, combined with the increased
volumetric flow, would cause scour and an eventual lowering of the river bed and thereby
a more significant change to the mean low water elevation. However, this lowering
would have to occur over a significant distance both upstream and downstream of the
dike and it is more likely that the actual scour would occur in a localized area at the dike
only.

•

Assessment of High Toss Road indicates that under restored conditions (Chequessett
Neck Road dike openings of 65 feet or greater), the roadway will be overtopped. As
such, the road would require mitigation to remain useable, or be abandoned. The existing
High Toss Road and culvert also negatively impact restoration potential in the upper
portions of the Herring River estuary. Specifically, the restrictive culvert and causeway
impede the draining of the upper system during an ebbing tide, resulting in a reduced
tidal range, excessive ponding, and higher MLW. The removal of the High Toss Road
culvert and creation of an open channel at this location is recommended.

•

As the restoration process advances, several upstream culverts, specifically the culverts at
Pole Dike Road and Old County Road, may need to be replaced with larger culverts.
However, since the effect on water surface elevation is relatively small, especially in the
early stages of the restoration, these culverts do not need to be replaced during the initial
restoration effort. Monitoring of water surface elevations and salinities during the
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adaptive management process should be conducted to determine the potential influence
of these anthropogenic structures.
ES.7 – FINAL ALTERNATIVE ASSESSMENT AND MODEL OUTPUT
Modeling results of the recommended alternatives were summarized to analyze potential changes
to the Herring River system and to provide more easily digestible modeling output. The detailed
results of the hydrodynamic model were also used to complete a preliminary sediment transport
assessment. This assessment does not determine actual sediment movement but rather areas
where there is potential for erosion or deposition. However, the analysis does provide reasonable
results that can be utilized to help guide the adaptive management restoration approach.
ES.7.1 Tidal Benchmarks and Salinity
Water surface elevations and salinity throughout the Herring River system were evaluated using
the results of the hydrodynamic model. Water surface elevation results from the alternative
simulations were presented in three specific ways:
1) Tables that present relevant tidal benchmarks (Mean Low Water, Mean High Water, Mean
High Water Spring, Annual High Water), the 100- year storm water level, and potential
future sea level rise scenarios for restoration endpoint alternatives. These water surface
elevation values were provided for each sub-basin.
2) Graphical aerial overviews and geo-rectified bounds of the water surface elevation level
for each specific tidal benchmark. An example showing mean high water spring (MHWS)
for existing conditions and for a 165 foot wide and 3 foot high opening at Chequessett
Neck Road is presented in Figure ES-11. Graphical aerial overviews of salinity
penetration are also provided.
3) Interactive Google© Earth files that provide both the tabular and spatial data files for each
of the simulated water levels.
Results are provided within each sub-basin and include data for existing conditions, fully open,
and a range of sluice/slide gate openings associated with the proposed opening sizes both at
Chequessett Neck Road and Mill Creek. Water surface elevation results show the limited tidal
range under existing conditions, as a vast majority of the system is non-tidal, and the overall
intertidal area is minimal, even just upstream of the dike. From a salinity perspective, under
existing conditions, the salt water does not propagate beyond High Toss Road, while for the
proposed 3 foot sluice opening and greater, salt water advances into a significant portion of the
upper sub-basins. Modeling results for all the various adaptive management cases can be used to
determine changes to intertidal areas, expected high water locations, and assess potential marsh
vegetation areas.

Herring River Hydrodynamic Modeling
Final Comprehensive Report

ES-15

2007-0081
June 2012

The Woods Hole Group, Inc.

Figure ES-11. Mean High Water Spring for existing conditions (red) and 165 foot wide, 3 foot high
opening at Chequessett Neck Road (yellow).

ES.7.2 Tidal Flushing
The proposed opening at Chequessett Neck Road would result in substantially improved flushing
within the system. The improved opening size is particularly effective at flushing the extents of
the system beyond High Toss Road. Under existing conditions, the sub-basins of the system do
not exchange water efficiently with Wellfleet Harbor. For example, the Herring River System
above High Toss Road takes approximately 200 days to fully flush with Wellfleet Harbor under
existing conditions, while under the alternative opening scenarios the flushing time is reduced to
6-8 days.
ES.7.3 Sensitive Receptors
Sensitive receptors include specific low-lying infrastructure (e.g., roadways, etc.), as well as
other critical locations (e.g., golf course areas), that may potentially be influenced by the
restoration and changes to the water surface elevations. Model results were evaluated to
determine the water surface elevation at critical locations. Water surface elevation results from
the alternative simulations were presented at the sensitive receptor locations as:
•

Tables that present relevant tidal benchmarks (Mean Low Water, Mean High Water,
Mean High Water Spring, Annual High Water), the 100- year storm water level, and
potential future sea level rise scenarios for restoration endpoint alternatives. These water
surface elevation values are provided for each sensitive receptor (e.g., roadway).
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•

Interactive Google© Earth files that provide the tabular results at each sensitive receptor
location.

ES.7.4 Marsh Receptors
Similar to the sensitive receptors, water surface elevations and salinity values were evaluated at
specific locations throughout the marsh plain. Additional metrics, hydroperiod, percent of tides
wetting, and a classification values were also determined at each marsh receptor location. These
locations can be used to assess the relative changes, and potential ecological changes that may
occur throughout the Herring River system. The model results for the marsh receptor locations
are presented as:
•

Tables that present relevant tidal benchmarks (Mean High Water and Mean High Water
Spring) critical for marsh vegetation delineation, mean and maximum salinity levels,
hydroperiod (the length of time [in hours] a point stays wet once it has gotten wet), and
percent wetting (the percentage of high tides that wet that point). The tables also provide
classification values.

•

Interactive Google© Earth files that provide the tabular results at each marsh receptor
location.

ES.7.5 Ponding
Simulations of the adaptive management steps and restoration endpoints revealed there were
certain areas within the system that were prone to ponding of water with the introduction of the
increased tidal exchange. These areas are generally due to subsidence that has occurred over the
century of marsh degradation, or caused due to poor drainage pathways. Although these
potential ponding areas appear in the hydrodynamic model for restoration endpoint simulations
(3 foot and 10 foot height openings), this does not indicated that these will occur during the
restoration process. The hydrodynamic model is using the existing bathymetry to simulate future
restoration endpoints. However, due to the adaptive management approach that is intended to be
applied to the system (smaller incremental openings over time); it is likely that this topography
will change as the system responds to increased tidal exchange. For example, it is expected that
additional sediment will be transported into the system and be deposited in the lower velocity
zones of the subsided areas. Additionally, existing channels leading to limited drainage areas
will be naturally widened and deepened due to the increased tidal flux during the restoration
process. Therefore, widespread ponding during the restoration effort is not expected as long as
monitoring is conducted and the appropriate adaptive management actions are applied.
ES.7.6 Sediment Mobilization and Transport
In order to assess the potential impact of the proposed dike openings, a preliminary sediment
transport assessment was conducted using the results of the hydrodynamic model. The analytical
sediment transport model employed was based on the established concept that sediments begin to
move when sufficient stress is applied to the grains on the estuary seabed. The sediment
transport potential was determined for normal tidal conditions and for a 100 year extreme storm
surge event. Each scenario was simulated for existing conditions, and for the restoration
alternative with a 165 feet wide span at Chequessett Neck Road with sluice openings of 3 feet.
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•

Under existing conditions with normal tides, increased tidal asymmetry imposed by
Chequessett Neck Road dike reduces the total volume of water and suspended sediment
that can physically be transported into the lower Herring River. Any suspended sediment
that does pass through the sluice gate quickly settles out because flood tide currents in the
lower Herring River are severely reduced by the dike (this is supported by existence of
the flood tidal shoal in that is present in the existing system). The dike also causes a
significant reduction in the flood tide current velocity in the area downstream of the dike.
This reduction in current velocity likely deposits a portion of suspended sediment in the
upper region of the area downstream of the dike during slack flood tide.

•

When compared to existing conditions, the 3 foot opening shows similar pathways for
sediment transport in the areas downstream of the dike. Generally, bed load is expected
to move slightly seaward or remain in the same location, while a majority of the
suspended sediment would ultimately be transported farther upstream into the estuary.
For the 3 foot opening, this general process is expected to increase, with potential bed
load transport extending from the lower Herring River to the area downstream of the
dike, while an increased suspended load would be transported upstream of Chequessett
Neck Road during flood tides. Over time, these processes would likely lead to a
coarsening of the sediment, particularly in the area downstream of the Chequessett Neck
Road dike. With the new dike opening, potential sediment transport in the lower Herring
River during both the flood and ebb tides would begin to occur. Initially, this is likely to
lead to some transport of fine-grained material out of the lower Herring River. This finegrained material would not easily settle and would be transported into Cape Cod Bay and
possibly dispersed within Wellfleet Harbor. In addition, a significant portion of this
material would be transported into the subsided, upper portions of the estuary due to
asymmetry in the tidal current and trapping by vegetation. The upper Herring River
would remain primarily a depositional environment with the exception of the area near
High Toss Road. Considering the greater volume of sediment that is able to enter the
upper Herring River, it is likely that 3 foot opening will lead to significant deposition of
suspended sediment and fines in the upper estuary, specifically in lower lying areas that
have historically subsided.

•

During the 100-year storm under existing conditions, there is a large area of potential
transport just downstream of the dike and sediment would be mobilized and transported
upstream towards and potentially beyond Chequessett Neck Road (if the material can
make it past the existing dike). Overall, the storm surge is not expected to cause
significant mobilization of sediment in the lower or upper Herring River, although more
suspended sediment mobilized from downstream of the dike would be carried above
Chequessett Neck Road than during normal tidal conditions. The model results show a
larger area of potential mobilization during the rising surge suggesting a net upstream
transport of bed load and coarser suspended sediment. Fines entrained during the surge
would likely make their way out of the system and ultimately become dispersed in Cape
Cod Bay.

•

Qualitatively, sediment transport pathways in the area downstream of the dike are similar
for both existing conditions and the restoration alternatives. However, because the
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Chequessett Neck Road dike severely restricts flow in the upstream reaches under
existing conditions, a significantly smaller volume of water enters the estuary during the
100-year storm surge when comparing current conditions to proposed conditions. For
existing conditions, there is practically no sediment mobilization above Chequessett Neck
Road even during the 100-year storm surge. However, there will be a moderate increase
of suspended sediment entering the lower Herring River and being deposited during a
storm event when compared to normal tidal conditions. For the 3 foot opening, storm
surge simulations indicate a significant mobilization of sediment in both the lower
Herring River, as well as in the lower portion of the upper Herring River near High Toss
Road. Significantly greater mobilization and erosion exists at the area near High Toss
Road as the storm surge floods into the upper estuary and transports sediment upstream
into depositional areas (primarily subsided regions). Downstream of High Toss Road, it
is likely that bed load will be moved in both directions resulting in little net movement.
Some sediment suspended during the flooding storm tide will likely deposit in areas of
the estuary that are not typically flooded during normal conditions. As the surge recedes
fines that are not deposited in the upper estuary will proceed toward the dike. Some of
this sediment may make it into Wellfleet Harbor and become dispersed before the
following tide brings it back into the estuary or it is carried into Cape Cod Bay.
Sediment transport processes are expected to change when the Herring River system is restored.
Since the restoration project will use an adaptive management approach, it is expected that the
changes to the sediment transport regime will occur over smaller incremental steps (via
incremental opening of the sluice gates). As such, the sediment transport changes and amount of
sediment transported will be less than is indicated in the modeling, which represents a significant
opening size immediately after construction of a new dike.
Significant and valuable shellfish aquaculture exist in Wellfleet Harbor and there are concerns
that the proposed restoration may result in smothering of these resources areas with sediment
discharged from the Herring River system due to the increased tidal exchange. It is expected that
when the system is initially opened, some fine-grain material would be likely transported
downstream into the Wellfleet Harbor area. Over the long-term however, sediment would be
transported upstream into the Herring River system. Figure ES-12 shows an illustration of the
net upstream sediment transport process by tracking a suspended sediment particle through a
complete tidal cycle. The suspended particle was initially mobilized in the High Toss Road
region. The color of each dot represents the age of the suspended particle, progressing from blue
(start of tracking) to red (end of tracking and a complete tidal cycle). The suspended particle is
transported downstream during the ebb tide, but then returns upstream during the flood tide and
settles in a position further upstream than where it originally started. If mobilized on the
subsequent tide, it would be transported further upstream over the next full tidal cycle until it
deposits in a depositional area and can no longer be easily mobilized.
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In addition, the amount of sediment
deposited in the Wellfleet Harbor
area is not expected to be
significant.
The
adaptive
management approach will limit
Particle End
the total amount of material
mobilized and a significant portion
Particle Start
of the fine grained material will
stay in suspension to areas seaward
of Wellfleet Harbor. Additionally,
the total volume of sediment
mobilized from within the Herring
River system is small compared to
the area of Wellfleet Harbor. For
example, if it is assumed that (1) all
sluices are immediately opened to 3
feet
(e.g.,
no
adaptive
management), (2) all sediment
mobilized
is
transported
downstream and deposited in
Wellfleet Harbor, and (3) the depth
of erosion for all mobilized areas is
1 foot, then the total thickness of Figure ES-12. Suspended sediment particle tracking through a
sediment deposited in Wellfleet complete tidal cycle.
Harbor would be less than 1 cm
(approximately 0.76 cm). As such, even using conservative assumptions, the potential sediment
deposition thickness is minimal.
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INTRODUCTION
WHAT IS ADAPTIVE MANAGEMENT?
Adaptive management, in the context of natural resources, is a formal process intended to aid
decision making in situations where the outcomes of natural resource management actions are
uncertain. It is an approach applied to decisions that are repeated over time; the approach makes it
possible to simultaneously manage and learn about the resources under management. Learning, and
thereby reducing uncertainty about the outcomes, is achieved through an iterative process of making
predictions regarding outcomes of management, monitoring the system after management actions
are implemented, comparing the predicted outcomes to the observed outcomes, and using this
comparison to formally update our understanding of the system response to our actions.
Information is obtained to specifically address the uncertainties that make decision making difficult,
thus improving our ability to predict future outcomes and make better decisions regarding future
management actions.
Adaptive management is an extension of the general principles of structured decision making
(SDM), an approach that was developed in the mid-20th century for applications in engineering,
operations research, and economics. Adaptive management is a specific application of SDM
characterized by iterative decision making, with a focus on reducing the specific uncertainties that
hinder our ability to make the best management decisions (Williams and Johnson 1995). It has been
applied to natural resource management since the 1970s (Walters and Hilborn 1978); however,
formal usage of adaptive management is not common. SDM is a logical framework for making
decisions that distinguishes those components of a decision that are subjective and values-oriented
from those that are objective and science-based. An SDM framework guides a transparent decisionmaking process by explicitly linking the anticipated outcomes of management alternatives to welldefined objectives. The process balances competing objectives and the varied perspectives of
multiple stakeholders, and incorporates quantitative measures of uncertainty, to identify
management actions that are most likely to achieve the stated objectives.
Adaptive management requires careful planning, which can be described as a two-step process: a
setup phase and an iterative phase. In the setup phase, components of the decision or problem being
faced are identified and developed. These components include (1) a clear definition of the problem
being addressed; (2) specific objectives to be achieved; (3) potential management actions (also
referred to as alternatives or decisions) that can be selected; (4) predicted outcomes or consequences
of each action with respect to the stated objectives; (5) the method for assessing trade-offs among
competing objectives and identifying the decision, or alternative, or action that is most likely to
achieve the objectives; and (6) a monitoring program that describes how the resource will be
measured and monitored. The iterative phase involves implementing management actions,
monitoring outcomes, and comparing the predicted outcomes of the action taken with the actual
observed outcomes. As the iterative phase progresses, knowledge of the resource and the
effectiveness of management intervention are increased, thereby reducing uncertainty and
enhancing the ability to predict the outcomes of subsequent management actions. Reassessment of
management alternatives with improved predictions of outcomes can lead to identification of a
different management strategy as the best approach to achieving the stated objectives. Additionally,
information and understanding gained during the iterative phase can be used to reassess elements of
the initial setup phase, potentially leading to modified or refined objectives, new management
actions, or changes to the monitoring approach.
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RATIONALE FOR ADAPTIVE MANAGEMENT AT HERRING RIVER
The 1,100-acre Herring River estuary within Cape Cod National Seashore has undergone more than
100 years of ecological degradation due to diking and drainage that began in 1909 and has resulted in
almost complete exclusion of tidal exchange to the estuary. Over the past few decades, National Park
Service (NPS) scientists and cooperators have conducted ecological and hydrologic research to
identify impacts of the tidal exclusion to the ecosystem and develop options for restoration.
Completion and subsequent support of a conceptual plan for the restoration of the Herring River
(Herring River Technical Committee 2007) was the impetus to develop a hydrodynamic model
(WHG 2012) and prepare the Herring River Restoration Project Draft Environmental Impact
Statement / Environmental Impact Report (EIS/EIR, NPS 2012). The EIS/EIR, developed by the NPS
and the Herring River Restoration Committee (HRRC; which includes the US Fish and Wildlife
Service, National Oceanic and Atmospheric Administration (NOAA), Natural Resources
Conservation Service, Commonwealth of Massachusetts, and the towns of Wellfleet and Truro),
proposes construction of new dikes and water control structures to facilitate a gradual increase in
tidal exchange to the estuary. The Herring River restoration project is the largest proposed tidal
restoration project in the northeast, and there is a high degree of stakeholder involvement from both
government agencies and the public due to the potential benefits and risks associated with largescale management interventions (NPS 2012). Given that several decisions related to restoration need
to be made prior to the restoration of tidal influence, some uncertainties can only be resolved once
actions are taken, and the restoration is expected to be a long-term process, the EIS/EIR describes
commitment to using an adaptive approach to guide decisions regarding implementation and
evaluation of the Herring River restoration project. Collaboration and support of the US Geological
Survey (USGS) was initiated in 2013 to begin development of a formal adaptive management
decision structure that will help guide management decisions and measure progress toward specific
restoration objectives for restoration of the Herring River.
The comprehensive adaptive management plan currently under development will
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identify ecological and socio-economic objectives of the restoration;



define quantifiable metrics for all objectives to facilitate predictions and to measure progress
towards management goals;



determine a discrete set of management alternatives available to meet restoration objectives;



work with subject matter experts to integrate existing models that predict how proposed
management actions (model input) may affect the performance across all management
objectives (model output);



pinpoint critical areas of uncertainty and develop approaches to explicitly incorporate
uncertainty into the decision framework;



translate the range of objective outcomes into measures of value to decision makers and
stakeholders (i.e., utility);



develop an approach to evaluate trade-offs among the multiple objectives to identify the
management strategy that is most likely to achieve the best (i.e., most desirable) outcome
across all objectives;



describe a monitoring protocol to collect data necessary as feedback under the adaptive
management process; and



establish a process to formally incorporate learning into future predictions.
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PURPOSE AND STRUCTURE OF THIS DOCUMENT
The purpose of this document is to review development of the adaptive management framework for
the Herring River project. It provides an overview of the forthcoming adaptive management plan
and how these concepts will be applied as the project is implemented and evaluated. It is intended to
provide greater understanding of how adaptive management and SDM will be used for the Herring
River project and how this framework will integrate with project administration, oversight,
permitting, stakeholder input and public outreach. It is expected that this document will provide the
basis for preparation of a comprehensive adaptive management plan, to be developed in 2014–2016
through a collaboration of the HRRC, USGS, and other local, state, federal, and non-government
stakeholders.
The document is structured according to the two-phase process often applied to adaptive
management planning (Williams, Szaro, and Shapiro 2009; Williams and Brown 2012): a setup phase
and an iterative phase. The setup phase is structured according to the SDM “PrOACT” model
(Keeney, Hammond, and Raiffa 1999), where


Pr = problem



O = objectives



A = alternatives (or actions)



C = consequences, and



T = trade-offs.

The iterative phase covers the steps that are specific to repeated decision-making aspect of adaptive
management. These include making and implementing a decision, monitoring the response of the
system related to the action taken, assessing how well predictions of the expected responses
compare with the actual observed responses, and adapting the next decisions or management actions
based on what was learned. These aspects of the setup and iterative phases are discussed separately
in the following sections.
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SECTION 1: SETUP PHASE
PROBLEM: DEFINING AND FRAMING THE DECISIONS TO BE MADE
The first step of SDM requires a clear definition of the problem to be addressed, which identifies
why a decision needs to be made, the type of decisions that need to be made, and the individuals who
will make the decision (i.e., “decision makers”). The individuals or groups that have an interest in the
resources affected and a willingness to work with others on the problem (i.e., “stakeholders”) should
also be identified. The following are also included:


a brief description of the potential actions that can be taken;



the spatial and temporal scale of the problem;



the frequency and timing of the decisions;



the complexity of the problem;



uncertainties that make decision making difficult; and



legal, financial, or political constraints.

Cape Cod National Seashore and the towns of Wellfleet and Truro formally agreed to pursue the
Herring River project by accepting the findings of a conceptual restoration plan (Herring River
Technical Committee 2007) and signing a memorandum of understanding (MOU II) in 2007. The
conceptual restoration plan laid out a strategy for restoration of the river, its tributaries, and
floodplain by reintroducing natural tidal exchange, managing vegetation, and reestablishing
estuarine marsh elevations and hydrology. As directed by the MOU, implementation of the project
will be guided by the final EIS/EIR, under the policies of the National Environmental Policy Act
(NEPA) and Massachusetts Environmental Policy Act (MEPA), and a newly developed MOU
(MOU-III). MOU-III, developed concurrently with the final EIS/EIR, outlines a structure for
administering the project which recognizes the authority of the Cape Cod National Seashore
superintendent and Wellfleet and Truro Boards of Selectmen as the primary authorities for making
decisions about project-related infrastructure under their respective ownership and management
control (i.e., tide gates, as well as affected roads and public properties). MOU-III also describes the
organizational structure and role of science, technical, outreach, and regulatory groups to provide
support and management recommendations to Cape Cod National Seashore and the towns. As
described in MOU-III, a non-governmental organization is envisioned to provide overall project
management and to implement the decisions made by Cape Cod National Seashore and the towns
according to guidelines of the MOU, the final EIS/EIS Record of Decision, and final adaptive
management plan. As the adaptive management plan is developed and the project is eventually
implemented, Cape Cod National Seashore, the towns, and other proponents will work closely with
stakeholders (such as the Wellfleet and Truro Conservation Commissions, Public Works
Department, Shellfish Committee, Natural Resources Advisory Committee, private landowners, and
others) to ensure their concerns are considered in the decision-making process and to promote
public understanding and support for the project.
The primary action requiring decisions includes the reestablishment of natural tidal flow and salinity
levels throughout the approximate 1,000-acre Herring River floodplain by managing a series of
adjustable tide gates at a rebuilt Chequessett Neck Road dike, a new dike along Mill Creek, and a
new tide gate installed at Pole Dike Creek Road. Tide gate adjustments could be made zero to several
times per year and would take into consideration the need to avoid adverse impacts to structures and
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roads, water quality, and vegetation as a result of changes in tidal flow, as well as the time needed to
collect data that describes effects on state- and federally-listed rare species and system changes. The
project will require permits and approvals from several municipal, regional, state, and federal
agencies, including the U.S. Army Corps of Engineers, Massachusetts Department of Environmental
Protection, Massachusetts Natural Heritage Program, and the local conservation commissions,
which will likely impose conditions and constraints on several project elements. Availability of
construction funding could also influence the timing and sequencing of implementing elements of
the project.
In addition to incremental tidal restoration through the management of tide gates, secondary actions
are likely to be needed to achieve the desired conditions. These secondary actions include the
removal of trees and shrubs from the floodplain, management of non-native common reed
(Phragmites australis), management of sediment to restore the elevation of subsided marshes,
removal of anthropogenic fill (i.e., spoil piles from past mosquito ditch maintenance) from the
floodplain, and reestablishment of appropriate channel dimensions and sinuosity of the Herring
River and its tributaries. Decisions about implementing anticipated primary and secondary
management actions are complicated by the difficulty of collecting data and observing changes
throughout a large and complex system and an incomplete understanding of the effects of tidal
restoration on tidal hydraulics, sediment transport, and water quality dynamics within the Herring
River system. Some examples of questions about tidal restoration related to the Herring River
restoration include the following:


How will salt water circulate throughout the system as tidal range is increased incrementally?



How much sediment will flow onto the floodplain and deposit on subsided marshes
upstream of Chequessett Neck Road dike?



To what extent will particles (i.e., sediment, bacteria, and nutrients) flow out of the river and
into Wellfleet Harbor?



How will vegetation change along a dynamically changing salinity gradient?

Decisions will also be complicated by the overlapping, integrated nature of anticipated management
actions; that is, how incremental tidal restoration will be coordinated with other work elements, such
was tree/shrub clearing, sediment management, and others.
Models and other predictive tools are needed to anticipate how these and other questions may be
resolved. Monitoring data will be collected to compare predictions with actual results which will
then be factored into future management decisions.

OBJECTIVES: WHAT WE WANT TO ACHIEVE
Clearly defined and measurable objectives are the foundation of any adaptive management program.
Objectives are needed to identify the desired future conditions of the resource being managed and
what the project is trying to achieve. Careful deliberation of objectives at the beginning of the setup
phase permits a clearer understanding of the consequences and trade-offs involved with any
decision, as well as a transparent means for evaluating progress toward success.
In the context of an adaptive management framework, objectives are intended to be more specific
than the broader, more general objectives commonly cited for many natural resource undertakings.
Adaptive management objectives must link to actions that can be realistically implemented or
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modified. Objectives for adaptive management also need to be tied to measurable parameters which
can be predicted and monitored.
Fundamental objectives state the overarching reasons for management of the resource. In natural
resource management settings fundamental objectives are often derived from an agency’s or
organization’s mission to protect or manage for particular resources based on the general
recognition by society-at-large that certain conditions are desirable. Sub-objectives articulate the
means for achieving a fundamental objective. For example, there is a consensus that modern society
requires clean drinking water. Thus, water resource agencies have a fundamental objective to protect
public water supplies. Regulating development within watersheds is one of many sub-objectives, or
the means, of achieving this over-arching fundamental objective.
Objectives must be measurable, with assigned performance measures or metrics. Performance
measures serve two purposes: (1) to quantify and compare projections of how well alternative
actions are expected to meet each of the objectives; and (2) to determine, via monitoring, the system
response to implementation of a management action (i.e., a measure of progress towards achieving
stated objectives). Comparison of the projected and observed performance measure is the basis for
learning in adaptive management.
For the Herring River restoration project, the fundamental objectives are derived, in part, from NPS
management policies as articulated in the current General Management Plan for Cape Cod National
Seashore, which states that the objective for managing coastal wetlands is to “Restore the natural
hydrography and ecology of estuaries in consultation with affected municipalities” (NPS 1998). This
broad policy can be applied to the Herring River project more explicitly with a set of over-arching
fundamental objectives (table 1) to restore the ecosystem by


Restoring natural hydrography, including tide range and topography/ bathymetry;



Restoring ecological function and integrity;



Minimizing adverse impacts to ecological, cultural, and socioeconomic resources;



Maximizing ecosystem services (i.e., benefits people receive from the estuary); and



Minimizing the costs of restoration.

These fundamental objectives can be generically categorized as benefits (ecosystem restoration and
services) and costs (adverse impacts and monetary costs of restoration). Each fundamental objective
has sub-objectives, and each sub-objective has a performance measure, which will be used to
measure how well an alternative action meets the restoration objectives. Sub-objectives and
matching performance measures identified to date, and their hierarchical relationship to each
fundamental objective, are depicted in table 1 and described in more detail in the following sections.
As part of the adaptive management planning process, the HRRC has discussed and reviewed subobjectives and performance measures internally and at several forums involving regulatory agencies,
technical advisors, and other subject matter experts. In addition, workshops for local stakeholders
have been conducted to ensure that individual and group concerns are included in the objective
framework and, ultimately, the adaptive management decision-making process. Comments from
agencies and individuals received during review of the draft EIS/EIR were also incorporated into the
objectives development process.
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TABLE 1: OBJECTIVES AND PERFORMANCE MEASURES FOR HERRING RIVER ADAPTIVE MANAGEMENT PLAN
Sub-Objectives

Performance Measures

Predictions

Monitoring

Fundamental Objective #1: Restore Hydrography
Restore tidal range

Restore low tide

Maximum/minimum water surface
elevations averaged for sub-basins
and at key locations

Environmental Fluid Dynamics Code
(EFDC)1 hydrodynamic model

Electronic water level data loggers for
sub-basins and at key locations

Frequency of flooding

Wetting/drying of marsh surface
averaged at key locations

EFDC hydrodynamic model

Electronic water level data loggers for
sub-basins and at key locations

Duration of flooding

Duration of inundation of marsh
surface at key locations
Extent of ponded water at low tide

EFDC hydrodynamic model

Electronic water level data loggers in
areas of predicted ponding

Marsh surface sediment
deposition

Accumulation of sediment at key
marsh surface locations

EFDC hydrodynamic model with
sediment module, coupled with MEM2

Deposition/elevation at surface
elevation tables and markers

Below ground organic matter
and pore space volume

Soil organic matter and bulk density

Baseline data; published values; expert Soil sampling associated with marsh
judgment/elicitation
surface elevation monitoring sites

Restore high tide
Restore hydroperiod

Maximize marsh surface drainage
Maximize marsh surface elevation

Fundamental Objective #2: Restore Ecological Function/Integrity
Maximize area restored

Appropriate salinity gradient

Water column salinity values
averaged for sub-basins and at key
locations

EFDC hydrodynamic model

Conductivity data loggers for sub-basins
and at key locations

Coverage of New England
halophytes

Coverage of native estuarine
vegetation types

SMART3 and SLAMM4 informed by
EFDC model output

Transect/plot cover estimates; habitat
mapping

Water quality

Dissolved oxygen, pH, residence time
(flushing), ammonium

USGS nutrient flux model5; expert
Synoptic surface water quality
judgment/elicitation informed by EFDC monitoring at key locations
model

Nekton

Species composition of nekton
community

Published values; expert
judgment/elicitation

Maximize habitat quality for native
estuarine animals
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Sub-Objectives

Benthic community

Performance Measures
Species composition of benthic
invertebrate community

Maximize connectivity for diadromous Flow velocity at culverts/crossings
fish

Predictions

Monitoring

Published values; expert
judgment/elicitation

Benthic sampling at key locations

EFDC hydrodynamic model

Fish passage success; velocity at culverts

Fundamental Objective #3: Minimize Adverse Impacts
Prevent impacts to structures and
roads

Number of structures or roads impacts EFDC hydrodynamic model

Groundwater wells near receptors

Minimizing risk to public at
water control structures

Number of water-related incidents

Velocity output from EFDC model

Observations of activity during peak-use
periods

Minimize risk to public
elsewhere

Number of boating, transportation,
recreation incidents in project area

Expert judgment/elicitation

Observations of activity during peak-use
periods

Maximize access to emergency
response

Size of area remaining fully accessible Expert judgment/elicitation
to emergency response

Minimize risk to public safety

Document change in response time for
incidents

Minimize adverse impacts to shellfish
beds in harbor

Minimize excess nitrogen export Ammonium concentration near

USGS nutrient model

Surface water quality monitoring near
aquaculture areas

aquaculture areas

Minimize fecal coliform levels

Fecal coliform counts near
aquaculture areas

Expert judgment/elicitation

Surface water quality monitoring near
aquaculture areas

Minimize sediment deposition
onto shellfish beds

Suspended sediment and deposition
near aquaculture areas

EFDC hydrodynamic model with
sediment module, coupled with MEM

TSS downstream of dike; particle size
and deposition near aquaculture areas

Number of complaints

Water surface elevations and
vegetation change from models

Documentation of incidents

Maximize viewscapes from
public vantage points

Horizontal viewing distance from key
locations

Vegetation change from
SMART/SLAMM models

Time series photo stations

Minimize negative appearance
of dead woody vegetation

Number of complaints

Vegetation change from
SMART/SLAMM models

Time series photo stations

Minimize hydrogen sulfide
smell

Number of complaints

Expert judgment/elicitation

Documentation of complaints

Minimize noise

Number of complaints

Expert judgment/elicitation

Documentation of complaints

Minimize loss of privacy for abutting
property owners
Maximize aesthetics
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Sub-Objectives

Minimize turbidity
Minimize community conflict

Performance Measures

Predictions

Monitoring

Turbidly, TSS

EFDC hydrodynamic model with
sediment module, coupled with MEM

Continuous turbidity data logger;
synoptic TSS grab samples

Number of issues lacking community
consensus

Expert judgment/elicitation

Documentation of conflicts and
resolutions

Fundamental Objective #4: Maximize Ecosystem Services
Maximize natural mosquito control

Species composition and abundance

EFDC output for ponding and salinity;
mosquito prediction model

Larvae counts in breeding areas

Maximize greenhouse gas (GHG)
sequestration

Rate of horizontal and vertical GHG
fluxes

BWN GHG model6 informed by EFDC
hydro model output

Atmosphere carbon exchange; soil
carbon accumulation

Maximize shellfishing opportunities
(above and below dike)

Acres of open shellfishing areas

EFDC hydrodynamic model

Fecal coliform counts

Minimize loss of existing
recreational opportunities

Number of access points, parking
areas

Expert judgment/elicitation

Documentation of lost/gain of access
points

Maximize newly created
recreational opportunities

Rate of increased recreation use of
project area

Expert judgment/elicitation

Car counts; user surveys; observations of
activity during peak-use periods

Maximize recreational opportunities

Fundamental Objective #5: Minimize Cost
Minimize time to reach fullest extent
of restored tide range

Time to reach maximum tide range

Expert judgment/elicitation

Project timeline/financial records

Minimize cost for secondary actions

Cost for secondary actions

Expert judgment/elicitation

Project timeline/financial records

Minimize cost for tide gate operations Cost for tide gate operations

Expert judgment/elicitation

Project timeline/financial records

Minimize cost for monitoring

Expert judgment/elicitation

Project timeline/financial records

Cost for monitoring

Notes:
Objectives hierarchy relating fundamental and sub-objectives for Herring River
adaptive management to anticipated predictive models/tools and monitoring
variables.

3

Salt Marsh Assessment and Restoration Tool (Rogers, Korisky, and
Mustard 2007)

4

Sea Level Affecting Marshes Model (Warren Pinacle Consulting, Inc.
2012)

BWN Bringing Wetlands to Market; TSS = total suspended solids
1

Environmental Fluid Dynamics Code (Hamrick and Wu 1997)

5

USGS Nutrient Model (Colman in prep.)

2

Marsh Equilibrium Model (Morris 2010)

6

BWM Wetland GHG Model (Abdul-Aziz and Ishtiaq 2015)

Final Environmental Impact Statement / Environmental Impact Report

C-13

Appendix C: Overview of the Adaptive Management Process for the Herring River Restoration Project

Fundamental Objective 1: Restore Hydrography
In the context of the Herring River project, hydrography refers to the combined effect of tidal
exchange, channel bathymetry, and marsh surface elevation. It is the prime factor determining the
overall health and function of the estuary. After more than 100 years of tidal restriction, drastic loss
of marsh elevation due to subsidence, and extensive direct and indirect modification to the tidal
channel network, the hydrography of Herring River is significantly impaired.
The primary management actions under consideration to implement the project are all intended to
reverse these conditions and restore natural hydrographic conditions to the greatest extent possible.
This includes restoration of tidal range, including achieving the approximate levels of low and high
tides occurring prior to diking, and promoting sediment deposition and marsh surface accretion to
the extent that marsh elevations are restored within the appropriate inter-tidal range to support
native estuarine vegetation.
To track progress toward meeting these objectives, extensive monitoring data throughout the project
area will be collected (see table 1). This will include tidal water surface elevations, suspended
sediment concentrations, sediment deposition, and other metrics intended to characterize the extent
of tidal flow and sediment dynamics. Monitoring data will be compared with output from the
hydrodynamic model and other predictive tools, in order to evaluate and improve their predictive
capability.

Fundamental Objective 2: Restore Ecosystem Function and Integrity
While restoration of natural tide range and marsh surface elevations are the primary physical drivers
of change within the Herring River system, the ecological responses of the system to tidal restoration
are the primary outcomes sought by the project. These include the following:


recovery of native estuarine habitats (i.e., sub-tidal benthic and aquatic habitats and intertidal salt, brackish, and freshwater habitats);



improvements to water quality resulting from increased tidal flushing; and



restoration of habitat and connectivity for diadromous and estuarine fish species.

Tidal restoration and the reestablishment of natural salinity levels would provide significant
improvements when compared to existing conditions. However additional actions are likely to be
necessary, and are being considered, in order to maximize these ecological outcomes and ensure that
they are realized within a reasonable time frame. These actions, collectively referred to as secondary
management actions, are described in more detail in the “Alternatives/Management Actions”
section.
As both primary (i.e., incremental tidal restoration) and secondary actions are implemented, data will
be collected to track the ecosystem responses to management. Monitoring efforts will focus on
vegetation changes, water quality, and utilization of restored habitats by fish and other estuarine
animals. Several predictive tools, including quantitative ecosystem models, expert elicitation, and
professional judgment, will be used to predict ecosystem responses to management. More details
about ecosystem modeling and management are described in more detail in the section
“Consequences: Predicting Outcomes of Management Alternatives.”
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Fundamental Objective 3: Minimize Adverse Impacts (to Ecological
and Socioeconomic Resources)
Despite the dramatic and overwhelming benefits of restoring tidal exchange and functional native
habitats to the Herring River, the current degraded state of the system and human development
within the floodplain provide the potential for several adverse outcomes if the project is not carried
out in a careful and well-monitored manner. Potential adverse impacts identified by project
stakeholders are described and analyzed in detail in the final EIS/EIR and include the following
concerns:


Restored tidal flow effects to low lying structures (e.g., buildings, wells, driveways, etc.) and
roads;



Possible increased risk to public safety stemming from limitations to emergency response
access during road and dike construction and increased recreational canoe/kayak activity
near newly constructed culverts and tide control structures;



Possible shellfish bed impacts in Wellfleet Harbor from excess nutrient export, transport of
fecal coliform bacteria, algal blooms, and sediment deposition;



Indirect impacts to residential property owners caused by vegetation changes (i.e., loss of
woody vegetation), changing viewscapes, odors, and changes to recreational use of the river
and floodplain, and;



Potential conflicts among project proponents, town officials, local residents, and other
stakeholders over management of the project and changes in recreational access and uses
within the project area.

Avoiding and mitigating these potential impacts is one of the primary reasons why an incremental
and adaptive approach is proposed for project implementation. Performance measures and
monitoring procedures are being developed to track these impacts. A set of preliminary performance
measures is included in table 1.

Fundamental Objective 4: Maximize Ecosystem Services
Coastal wetlands provide critical ecosystem services. Ecosystem services are the direct and indirect
benefits accrued to people by the natural environment. Widespread examples are clean air, clean
drinking water, and the harvest of fish and wildlife for food and recreation.
Along with the dramatic ecological improvements (described previously as part of objectives 1 and 2,
and extensively in the EIS/EIR), objectives for the Herring River project include many improvements
that would benefit people. Some of these, such as improvements to shellfishing and enhanced access
for boating, link back to the historic uses of the Herring River prior to diking, when humans were
first attracted to the area by the abundant resources and convenient water access to Wellfleet Harbor
and Cape Cod Bay.
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Other improvements to ecosystem services address long-standing issues associated with the tidal
restriction and the degraded condition of the Herring River. For example, although the primary
purpose for building the Chequessett Neck Road dike was to control mosquitoes, this goal was never
achieved and high mosquito populations are a periodic concern. The restoration project is not
expected to completely eliminate this issue; however, increased tidal flushing and higher salinity
levels throughout the floodplain will reduce the area of breeding habitat for freshwater mosquitos.
Reduced breeding habitat, combined with better access and habitat for fish that eat mosquito larvae
(e.g., mummichog, Fundulus heteroclitis), is expected to result in an overall reduction of mosquito
species that typically constitute a public nuisance.
An ecosystem service that has newly been recognized is the ability of coastal wetlands to absorb and
store tremendous amounts of carbon. Until recently, carbon storage in coastal ecosystems—referred
to as “blue carbon”—was largely a theoretical concept, but end users are now exploring its practical
application to ameliorate rising levels of GHG in the atmosphere. The Herring River project presents
a first of its kind opportunity to achieve GHG benefits, particularly methane emission reductions,
from a large-scale tidal wetland restoration. Anticipated changes in tides and salinity suggest the
Herring River provides one of the best and largest opportunities in the northeast United States to tie
GHG carbon market benefits to tidal marsh restoration.

Fundamental Objective 5: Minimize Costs
The Herring River Restoration Project is a large and complex undertaking, with a preliminary cost
estimate in the $40–60 million range and a requirement, borne in part by the commitment to the
adaptive approach described in this document, to long-term monitoring and stewardship and a
commensurate commitment of public funds. As such, project planners are obligated to minimize
costs to the extent possible, while also ensuring satisfactory quality of all project elements including
adequate resources for planning, oversight, and long-term operations and maintenance. For
purposes of this evaluation, the idea of cost is broadly interpreted to include all of the direct
construction costs as well as the human, administrative, and logistical resources required to manage
and implement the project.
One primary factor that influences the overall cost of the project is the time required to fully
implement the project and achieve some end-point. As stated in Herring River project documents,
this is a long-term project, however the exact length of time implied by this cannot be specified. One
way to minimize costs is to implement the project at faster rate (i.e., more frequent and/or larger tide
gate openings) and thereby shorten this “long-term” timeframe, while concurrently minimizing the
time required for intensive monitoring and oversight of project infrastructure. Other costs could be
reduced by minimizing the need to implement secondary management (i.e., letting nature take its
course versus proactively implementing targeted actions for specific purposes), designing tide
control structures that are simple to operate and easy to maintain, and focusing monitoring and
modeling efforts on the key processes and interactions that directly influence the outcomes of
restoration actions and inform decision making. Along with the objectives previously described,
these are factored into the SDM process described in the remainder of this document.
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Process and Strategic Objectives
In addition to fundamental and sub-objectives, process and strategic objectives have been identified
to help guide how the adaptive management plan is developed and ultimately implemented. These
are useful for expressing important elements needed to support the adaptive management process,
but would not be used for distinguishing among different strategies for tide gate operation or other
management actions or for guiding decisions. Process and strategic objectives include the following:


Maximizing the long-term collaboration of the towns of Wellfleet and Truro / Cape Cod
National Seashore partnership and supporting technical and outreach groups;



Maximizing access to funding opportunities;



Maximizing responsiveness to community concerns;



Maximizing public awareness and support for the project; and



Maximizing learning about tidal restoration.

Objectives Hierarchy
Adaptive management objectives for the Herring River project are summarized in table 1, which
contains the current list of fundamental objectives and sub-objectives. The objectives are listed
within a hierarchy, with related sub-objectives grouped below each fundamental objective; the subobjectives specify the components of the fundamental objective. As noted previously, these
objectives have been developed by the HRRC over several meetings with technical experts, resource
agency staff, and community stakeholders. As the adaptive management plan is developed and
refined, the list of objectives may change, but this list is currently reflective of the project’s important
goals and concerns.
Performance measures associated with the lowest levels of the objective hierarchy are also included
in table 1. Ultimately, these measureable attributes will be used to assess the consequences of the
decision alternatives; that is, they will be the evaluation criteria used to compare the performance of
each of the alternative actions with regard to the objectives. The attribute/performance measure is
the content that must be predicted and monitored. In order of preference from a decision analysis
perspective, measureable attributes can be (1) natural (i.e., a direct measurement of the objective), (2)
a constructed scale or index, or (3) a proxy (a natural measurement that this highly correlated with
the objective, though not a direct measure of it).
Table 1 identifies methods and means for predicting and monitoring the responses of the system as
the project is implemented. Predictions and monitoring will serve several purposes:
1) to understand the current state of the system and thus be able to make state-based decisions,
2) to reduce uncertainty in how the system responds to management by comparing the
predicted outcomes of decision alternatives with the actual observed outcomes, and
3) to track progress with regard to objectives.
Predictive tools (i.e., models) and monitoring are discussed in more detail in the “Consequences”
section and “Section 2: Iterative Phase.”
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Influence Diagrams
Influence diagrams are conceptual models of how the system behaves regarding the influences that
actions have on the system and, ultimately, the objectives (see figures 1a-1e). They help develop,
communicate, and improve understanding about how the system functions. They identify where
there are existing models to predict outcomes of actions and where such models are lacking; thus,
they identify where other predictive methods are needed, such as new predictive models or expert
opinion. The influence diagrams can also serve as the basis for developing a Bayesian Belief Network
(a graphical probabilistic model that explicitly defines conditional relationships among key
variables). The diagrams can also help us think creatively about alternative courses of action, or
strategies, to compare with each other in terms of their predicted outcomes with respect to the
objectives. Although the diagrams may appear complicated, they include only as much detail as is
necessary to understand the key components of the system and make predictions of outcomes with
respect to the objectives.
Influence diagrams developed for the Herring River, which are shown in figures 1a through 1e, are
provided as examples and should be regarded as preliminary. They are expected to be modified as
the adaptive management process develops; more refined diagrams will be included in the final
adaptive management plan.
Figures 1a-1e should be read from right to left, starting with a fundamental objective (green
hexagon). Sub-objectives (green rectangles) that are nested under each fundamental objective (see
table 1) are shown to the left of the fundamental objectives in the influence diagrams. There may be
multiple sub-objectives nested under each fundamental objective. Influences (purple rectangles) are
shown to the left of the lowest level sub-objectives. Stochastic (i.e., random) events (red circles) are
shown with linkages to the influence it affects. Management actions/decisions (gray rectangles) that
are part of the adaptive decision making process, (i.e., tide gate manipulations and secondary
actions) are shown on the far left of the influence diagrams. Models (yellow diamonds) require
management actions as input and provide predictions of management outcomes.
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FIGURE 1A: INFLUENCE DIAGRAM FOR RESTORING HYDROGRAPHY
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FIGURE 1B: INFLUENCE DIAGRAM FOR MAXIMIZING ECOSYSTEM FUNCTIONS AND INTEGRITY
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FIGURE 1C: INFLUENCE DIAGRAM FOR MINIMIZE ADVERSE IMPACTS (1 OF 2)
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FIGURE 1C: INFLUENCE DIAGRAM FOR MINIMIZE ADVERSE IMPACTS (2 OF 2)
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FIGURE 1D: INFLUENCE DIAGRAM FOR MAXIMIZE ECOSYSTEM SERVICES
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FIGURE 1E: INFLUENCE DIAGRAM FOR MINIMIZING COSTS

C-24

Herring River Restoration Project

Appendix C: Overview of the Adaptive Management Process for the Herring River Restoration Project

ALTERNATIVES/MANAGEMENT ACTIONS: WHAT WE CAN DO TO
ACHIEVE OUR OBJECTIVES
In the SDM/adaptive management framework, alternatives are the actions or policies that are
available to implement in our attempt to best achieve the project objectives. A set of potential
management actions, or combinations of actions, from which to select is identified. Alternatives
considered should span all reasonable actions available to managers. They should also have distinct
measurable differences in their predicted outcomes, such that the differences amongst them can be
discerned to distinguish the performance of one alternative over another across the range of
objectives.
The Herring River project is comprised of a series of inter-related actions deemed necessary to meet
the project objectives. Herring River restoration actions can be grouped into two categories:
1) primary actions needed to incrementally restore tidal range and salinity to the floodplain by
managing a series of adjustable tide gate structures at Chequessett Neck Road, Mill Creek,
and Pole Dike Creek Road;
2) secondary actions implemented in coordination with tide gate management that are intended
to augment and maximize the effects of restored tidal exchange – generally these can be
categorized as vegetation management, sediment management, and enhancements to tidal
circulation.
A summary of potential actions contemplated as part of the Herring River project is included in table
2.

Primary Management Action: Incremental Tide Gate Openings
For the Herring River project, the primary action for tidal restoration, the opening of tide gates,
appears to involve a relatively simple decision, repeated over time. However tide gate management is
likely to be more complicated as there can be competing ecological and socioeconomic objectives.
Although the core of each decision involves a simple “yes-or-no” answer about whether to
manipulate tide gates, managers will be faced with making decisions under varying conditions as the
project is implemented and objectives are reassessed. Complexity is also added by the configuration
of the proposed tide control structures, which will be constructed at three distinct locations
(Chequessett Neck Road, Mill Creek, and Pole Dike Creek Road) and the diversity of tide gate types
(i.e., adjustable slide gates, conventional flap gates, combination slide-flap gates). These actions will
require decisions about which gates to open, how large the openings should be, and how frequently
adjustments should be made.
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TABLE 2: MENU OF POSSIBLE MANAGEMENT ACTIONS
Tide Gate Management
Less frequent gate openings

Relatively long time period between tide gate adjustments

More frequent gate opening

Relatively short time period between tide gate adjustments

Smaller gate openings

Relatively smaller incremental openings

Larger gate openings

Relatively larger incremental openings

Gate closure

Reduction in tide gate opening size in response to unforeseen adverse
impacts

Sediment driven

Tide gate manipulation dictated by high tide events in order to promote
sediment deposition in Herring River flood plain

Vegetation driven

Tide gate manipulation dictated by progressive colonization of inter-tidal
areas as tide range increases

Vegetation Management
Herbicide application

Treatment of common reed with herbicide

Mechanical – cut and leave

Woody vegetation cut in place and left to decompose on marsh surface

Mechanical – cut and burn

Woody vegetation cut in place, slash burned after dry

Mechanical – chipped in place

Woody vegetation cut in place and chipped, chips remain on marsh
surface

Mechanical – whole tree chipping

Woody vegetation cleared with heavy duty forestry equipment (e.g.,
“brontosaurus” mulching cutter)

Mechanical – remove large wood,
chip remainder

Larger trees removed by conventional forestry practices; other woody
vegetation cut and chipped

Prescribed fire

Use of fire to clear selected areas

Remove vegetation and dead
material from channel

Non-native submerged vegetation (e.g., watercress) and fallen woody
material removed from stream channels

Planting/seeding

Use of seeds, potted, and bare root stock to enhance revegetation of
natural plant communities

Wrack dispersal

Dispersal of dead, floating salt marsh vegetation over marshes to
introduce seed source

No action

No direct actions for vegetation management

Sediment Management
Mechanical dredging of channels
and redistribution

Sediment trapped in ditches and channels dredged and distributed over
subsided marsh surfaces

Mechanical excavation of spoil
piles and redistribution

Removal of anthropogenic spoil piles and distribution of material over
subside marsh surfaces

Off-site importation and
deposition

Deposition of sediment derived from off-site upland sources on subsided
marsh surfaces

“Thin layer” deposition (hydraulic
dredging and pumping)

Beneficial use of dredged material from Wellfleet Harbor and elsewhere
and deposition on subsided marsh surfaces

Re-use of Chequessett Neck Road
dike and High Toss Road
materials

Deposition of excavated material from Chequessett Neck Road dike, High
Toss Road, and elsewhere on subsided marsh surfaces
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Channel/Pool Management
Breach and remove ditch spoil
berms

Full or partial removal of anthropogenic spoil and fill on marsh to improve
tidal flow

Dig connector and radial ditches

Creation of new ditches to improve tidal flow and habitat connectivity

Ditch plugging

Full or partial plugging or blocking of anthropogenic ditches to promote
sheet flow over marsh and revegetation

Scrape out salt pools and pannes

Creation of shallow salt pools and pannes for estuarine fish habitat and
mosquito control

No action

No direct actions taken channel/pool management

Wildlife/Fish/Shellfish
Supplement shellfish stocks

Introduce shellfish spat in appropriate habitats

Substrate enhancement

Introduce cultch in appropriate habitats

Remove obstacles from channels;
improve passage

Remove impediments to fish passage from tidal creeks and at
culverts/crossings

Maintain tree roosting/nesting
habitat

Allow dead/dying trees to persist as roosting and/or nesting sites for birds
and bats

Relocation of state-listed rare
species

Move populations/individuals from affected habitats to appropriate
refugia

Turtle “Gardens”

Create/restore sandy nesting habitat for diamond-back terrapin

No action

No direct actions for fish/wildlife management

Note: Potential actions being considered to achieve the objective of the Herring River adaptive management
plan involve management of tide gates, vegetation, sedimentation, marsh channels and pools, and fish,
shellfish, and wildlife.

As part of the evaluation of alternative management strategies, the HRRC is undertaking an in-depth
analysis of the range of options, or policies, available for managing tide gates. As shown in table 2,
there are several approaches to how quickly and how often tide gates could be opened and how they
could be manipulated to favor discrete objectives or outcomes. This concept is demonstrated
graphically in figure 2, where four alternative approaches to tide gate management are depicted by
hypothetical hydrographs. In this figure, the x-axis represents time and the y-axis represents the
elevation of high tide in the Herring River. The red line, labeled “steady pace” shows a tide gate
opening policy where water levels are increased at an even rate from the beginning to the end of the
process. Each incremental change to the tide gate structure would result in an equal increase in high
tide level. Alternately, the policy depicted by the orange line (“start fast – taper off”) is one where tide
levels would increase relatively rapidly early in the project and then be scaled back. The green line
(“start slow – speed up”) shows the opposite approach, where early tide height changes occur slowly
but are ramped up later in the process. Finally, the blue line (“plateaus”) describes a process where
high tide is quickly increased to a certain elevation and then held there for a period of time before
being increased further. These representations illustrate approaches to managing tide gates at the
new Chequessett Neck Road dike, however the approaches could be applied equally to both the Mill
Creek dike and Pole Dike Creek Road tide gates. No matter where it is applied, this is a simplified
example of several tide gate management policies; other polices will also be identified and
considered. In reality it is likely that multiple polices will be used and modified as the project is
implemented and circumstances evolve.
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Note: Each line represents a potential pattern for increasing tide range over time: even, steady changes (red line); changes that start quickly and slow
down (orange line); start slow and speed up (green line); and changes that reach certain threshold elevations for periods of time (blue line).

FIGURE 2: HYPOTHETICAL HYDROGRAPHS FOR FOUR POTENTIAL TIDE GATE MANAGEMENT POLICIES
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Although the targeted end point (i.e., tide gates fully open) and long-term effects (described in detail
in the final EIS/EIR) are the same in every case, each of the tide gate management policies depicted in
figure 2 would have varied shorter-term impacts during the time period when tide gates are being
actively managed and other project actions are being implemented. Each policy would likely result in
faster or more complete attainment of some objectives while slowing down or limiting the
attainment of others. For example, opening the tide gates faster during early periods of
implementation may promote greater sediment transport and deposition throughout the floodplain,
but could also result in adverse but temporary water quality effects. The analysis and evaluation of
these and other impacts relative to alternative management strategies are discussed further in the
following sections.

Secondary Management Actions
Although incremental openings of new and reconfigured tide control structures are the central
actions for implementation of the Herring River project, it is likely that additional actions, primarily
occurring directly on the former tidal marsh surface, will be needed to fully achieve and maximize
the project’s objectives. The basic intent of these actions is to restore and maximize ecological
function in order to reverse direct and indirect damage to the floodplain from more than 100 years of
tidal restriction and wetland drainage. Damage to the system includes subsidence of the former
estuarine floodplain, colonization of freshwater and upland plant species (including non-native
vegetation) within former salt and brackish habitats, loss of tidal creek and salt panne microhabitats,
and deposition of dredge and ditch spoil on marsh surfaces and in former tidal creeks. Actions
needed to address these problems are summarized in table 2 and include


Vegetation Management. Intended primarily to (1) remove woody trees and shrubs,
including both upland and freshwater wetland dependent species, which if left in place
would likely impede the recovery of native salt and brackish marsh plants, and (2) control the
expansion of non-native common reed throughout the floodplain. Options for treatment
methods and management of cut material need to be assessed to determine how each affects
water quality, sediment transport, vegetation recovery, and other project objectives.



Sediment Management. Substantial sediment deposition throughout the Herring River
floodplain is needed to counteract historical subsidence and restore the marsh plain surface
to elevations where salt and brackish marsh vegetation will flourish within the inter-tidal
range. Though tidal restoration is the primary driver for importation of sediment and marsh
accretion, it is possible that additional management actions will be necessary in order for
marsh surfaces to reach the appropriate elevations within a reasonable timeframe (in some
locations, 2–3 feet of accretion is needed and this could take decades without additional
interventions beyond the restoration of tidal flow).



Restoration of Salt Pannes, Pools, and Tidal Creeks. A number of additional management
actions likely will be necessary to enhance and maximize the effects of tidal restoration to
address past channelization and marsh ditching alterations made directly to the floodplain.
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Alternate Action Strategies
As described previously, implementation of the Herring River project will primarily involve a series
of tide gate adjustments at three locations (Chequessett Neck Road, Mill Creek, and Pole Dike Creek
Road) to increase the extent of tidal influence and salinity levels throughout the estuary. A series of
secondary actions are also assumed to be necessary to maximize the effects of tidal restoration and
avoid several potential adverse impacts. These actions have been presented as separate activities, but
actual implementation of the project will require coordinated integration of management actions in
order to achieve multiple objectives. Some actions could favor one project objective while impeding
or conflicting with others. Thus, as part of the adaptive management framework, it is useful to
consider how each discrete action may affect each Herring River objective and how actions could be
integrated to form strategies aimed at specific objectives or outcomes.
Table 2 lists specific actions being considered under the broad management categories of tide gates,
vegetation, sediment, channel/pool restoration, and fish and wildlife habitat. For example, varying
approaches to managing new tide control structures are listed and briefly described and vegetation
management includes varied methods of removal and disposal of material. These items could be
viewed as a “menu” from which to select one or more actions from each of these broad categories.
Collectively, a set of selected items would comprise a strategy or policy intended to favor specific and
distinct outcomes.
To illustrate this concept, the HRRC has initiated an analysis of several sets of separate actions that
could be considered as discrete strategies. As a planning exercise, project strategies that would
prioritize one objective above others were identified. Strategies were developed to favor, for
example, water quality improvement, marsh surface accretion, vegetation recovery, anadromous fish
passage, and minimization of costs. Actions listed in table 2 were selected and combined to
determine a strategy that would be most advantageous for each prioritized objective. The combined
sets of actions, summarized in table 3, constitute coordinated strategies, where specific alternative
actions for managing tide gates, sediment, vegetation, and other elements of the project would be
taken to promote specific objectives.

CONSEQUENCES: PREDICTING OUTCOMES OF MANAGEMENT
ALTERNATIVES
Predicting the expected consequences or outcomes of an action is an essential part of any decisionmaking process. In a SDM/adaptive management framework, models are necessary to predict the
consequences (in terms of both costs and benefits) of alternative actions and to anticipate how
management decisions affect project objectives. In this context, the term “model” is considered
broadly, encompassing any type of predictive tool, ranging from simple narrative statements and
conceptual diagrams, to informed judgments elicited from subject matter experts, to complex
computer simulations. No matter what type of model is used, the important thing is that it represents
a particular hypothesis about how the system functions and it links the alternatives (model input) to
the objectives (model output).
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TABLE 3: EXAMPLES OF COMPILED MANAGEMENT STRATEGIES FOR SPECIFIC OBJECTIVES
Available Actions
Objectives

Tide Gates

Improve Water Chequessett Neck Road:
Quality
Open fast (winter only)
Mill Creek and Pole Dike
Creek Road: Open slow
(winter only)

Improve Fish
Passage

Facilitate
Sediment
Accretion

Vegetation Mgmt

Sediment Mgmt

Marsh Restoration

Wildlife/Fish/Shellfish

Breach and remove ditch
spoil berms and other
anthropogenic fill

Supplement shellfish
stocks

Avoid mechanical work
that will disturb substrate
or result in sedimentation

Re-establish flow to
historic reaches

Substrate enhancement

Seed and plant ASAP to
stabilize marsh surface
and prevent erosion and
sedimentation

Enhance circulation while Oyster reef
minimizing soil
development
disturbance
(build/restore)

Apply herbicide to
phragmites prior to
flooding

Chequessett Neck Road:
Open fast

Remove vegetation and
dead material from
channels and banks

Adequate depth at all
crossings, not just at tide
gates

Remove submerged
aquatic vegetation

No action

Time of year restrictions
on all in-water activities

Ensure there is a welldefined channel

Phase I: Open on incoming Mechanically clear trees,
tide, close tide gate at top but not shrubs; focus on
of tide, hold for x amount areas impacted by tides
of time to allow sediment
to settle. Repeat as
necessary

Push spoil piles adjacent to Breach and remove ditch
channelized reaches into
spoil berms and other
adjacent marsh by
anthropogenic fill
bulldozer

Phase II: Fast, larger
opening on moon tide –
once or twice a month – or
on storm tide

“Thin layer” deposition
(hydraulic dredging and
pumping)

Phase III: Revert to routine
tide management

Re-use of Chequessett
Neck Road dike and High
Toss Road materials

Time of year restrictions
on all in-water activities

No action

Restore connectivity of
tidal creeks (construct
channels) to all subbasins

Importation of materials
from Wellfleet Harbor
dredging
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Available Actions
Objectives
Enhance
Recreation

Tide Gates
Open fast – maximize
access by kayak/canoe

Vegetation Mgmt
Mechanical – whole tree
chipping

Sediment Mgmt
No action

Place wrack in floodplain

Marsh Restoration
Remove blockages and
berms from tidal creeks

Wildlife/Fish/Shellfish
No action

Increase Connectivity

Seed and plant
Promote
Estuarine
Vegetation

Phase I: Open quickly to
restore 18+ ppt to lower
basin to kill phragmites

Phase II, III: Herbicide
phragmites

Phase II: Open on
incoming tide, close on
outgoing tide, and hold

Phase II, III: Remove all
woody vegetation

Phase III: Repeat (same as
phase II) for mid-basin
when mid-basin is not
subject to marsh
drowning.

Phase I, II, III: Seed and
plant as necessary in each
basin

No action

Dredge to maximize
circulation and drainage
within basin appropriate
to the phase

No action

Phase IV: Repeat (same as
phase III) to fully open
when upper-basin is not
subject to marsh
drowning.
Minimize Time
to Natural
Hydrography

Open gates as quickly as
Manage as necessary to
possible (according to
support connectivity and
EFDC model). Get to fully circulate flow
open and accept resulting
subtidal areas (open water
and inter-tidal mud flats).

Use dredged material to
raise fringe areas of
subsided areas in midbasin

Manage channels as
No action
necessary to support
connectivity and circulate
flow

Minimize Cost

Open gates as quickly as
possible (according to
EFDC model). Get to fully
Open and Accept
Resulting subtidal areas
(open water and intertidal mud flats).

Use dredged material to
raise fringe areas of
subsided areas in midbasin

Manage channels as
No action
necessary to support
connectivity and circulate
flow

Manage as necessary to
support connectivity and
circulate flow

Note: Available management alternatives are combined into “portfolios” of actions that best achieve specific project objectives.
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The primary predictive tool for the Herring River project is the two-dimensional hydrodynamic
model developed by the Woods Hole Group (WHG) derived from the EFDC (Hamrick 1996), which
has been used to simulate the hydraulic and hydrologic conditions resulting from a wide range of
restoration scenarios (WHG 2012, 2013). The hydrodynamic model has been used for determining
the optimal dimensions for the reconstructed Chequessett Neck Road dike and tide gates as well as
other tide control structures and culverts throughout the project area. It is the primary tool for
estimating the extent of tidal and storm-driven flows under a range of restoration scenarios,
including the impacts of the project alternatives described in the final EIS/EIR, and for determining
where flood prevention measures are likely necessary to avoid adverse impacts to roads and
structures. Along with predicted water surface elevations, the hydrodynamic model also provides
predictions of future salinity levels, which have been used to make overall long-term habitat change
estimates included in the final EIS/EIR. The hydrodynamic model will continue to be used as part of
the adaptive management plan, to predict outcomes of potential tide gate changes; it will also be
linked with other models and predictive tools (see the next section on developing a conceptual
framework for ecosystem modeling). The hydrodynamic model will also be refined as the adaptive
management plan is implemented and we are able to compared model predictions of actions with
actual observed outcomes after action implementation.

Developing a Conceptual Framework for Ecosystem Modeling
During 2013, the HRRC partnered with the Center for Coastal Studies, WHG, and Jackson Lab at
the University of New Hampshire (UNH) to develop a framework for a comprehensive ecosystem
model, or set of models, capable of simulating a broad range of ecosystem functions and services and
predicting responses to multiple project objectives that result from tidal restoration and other
management activities. The endeavor included two workshops where coastal ecology, modeling,
wetland restoration, and decision-analysis experts reviewed and discussed applicable models and
monitoring plans with respect to project objectives, anticipated management actions, stakeholder
concerns, and uncertainties. With this input and feedback, the WHG/UNH team investigated
existing models and evaluated their functionality and suitability for application to the Herring River
system and potential compatibility with the EFDC hydrodynamic model. A summary of models
reviewed during this effort, as well as their data input requirements, simulated output, typical
scenarios, and complexity are included in table 4.
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TABLE 4: SUMMARY OF ECOSYSTEM MODELS EVALUATED FOR HERRING RIVER

Landscape/Vegetative Cover

Hydrodynamic/Water Quality/Sediment Transport

Model
Type
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Model

Parameters
Simulated/Output

Input Data Requirements

Typical Scenarios

Level of
Complexity

EFDC

Water level, current speed
and direction, salinity,
temperature, suspended
sediment, water quality
concentrations (e.g.,
nutrients, contaminants)

Topography/bathymetry;
boundary conditions (water
level, inflow rate, salinity,
atmospheric, flux rates, etc.)

Existing/baseline conditions; storm and
sea level rise conditions; modified flow
restrictions/structures/grading/dredgin
g; changing water quality loads/fluxes

Numerical, time
stepping

Integrated
Compartment
Model (CE-QUALICM)

Water level, velocity, algae
growth, water quality (21
parameters), DO/nutrient
dynamics

Topography/bathymetry;
boundary conditions (water
level, inflow rate, salinity,
atmospheric, flux rates, etc.)

Water quality simulations in verticallystratified systems

Numerical

Estuarine Loading
Model (ELM)

Limited to transformations,
availability, and export of
nitrogen (inorganic and
organic species)

Watershed nitrogen loads
(from models such as NLM),
water residence time, areas of
open water, salt marsh
eelgrass meadows within the
estuaries of interest. In
addition, average depth and
tidal range will be needed for
a calculation of flushing time
by ELM if not provided by
hydrodynamic model or other
means

Predicting labile and refractory
nitrogen in marsh/estuarine systems;
understanding production rates of
organic matter and rates of total
system metabolism

Analytical

Salt Marsh
Restoration
Assessment
Toolbox (SMART)

Habitat: Low/high/invasive
species by salinity category

Potential flood level (mean
high water, 4th largest, max);
sea level rise,
accretion/subroutine; salinity;
plant composition; elevations
(e.g., LIDAR)

Predict habitat changes in marsh
based on restoration alternatives,
including no action; influence of sea
level rise; identify monitoring gaps

Prescriptive

Polygon Based
Spatial (PBS)
Model

Water level; suspended
sediment concentration;
elevation;
habitat/vegetation
succession

Runoff; water level; elevation;
habitat type; sediment
information

Forecast habitat/vegetation succession
in response to different water
level/runoff conditions

Analytical /
numerical
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Model
Type

Model
Everglades
Landscape Model
(ELM v2.8.4)

Parameters
Simulated/Output
 Hydrology: Overland,
groundwater, canal
flows
 Nutrients: Phosphorus
cycling and transport
 Periphyton: Response to
nutrients and water
 Macrophytes: Response
to nutrients and water
 Soils: Response to
nutrients and water

Input Data Requirements
Maps: Surface water,
elevation, bathymetry, soil
moisture, bulk density,
organic matter, and
phosphorus; habitat type,
plant biomass, hydrological
routing

Typical Scenarios

Level of
Complexity

Changes in hydrology, changes in
phosphorus loading, climate change
scenarios

Numerical /
analytical

Time Series: Weather data, P
deposition, total atmospheric
P deposition

Marsh Equilibrium
Model (MEM v.
3.4; DCERPI
Module)

Plant growth; sediment
trapping; marsh plain
elevation change

Plant biomass as a function of
Elevation; Root:Shoot
Quotient; Turnover Rate of BG
biomass; refractory BG
biomass; relative marsh
elevation; tidal range; rate of
sea level rise; suspended
sediment concentration and
trapping coefficients

Long-term forecasts of marsh
productivity and relative elevation

Analytical

Sea Level
Affecting Marsh
Model (SLAMM) 6

Habitat: saline to fresh
marshes

Existing habitat, sea level rise,
accretion by habitat, fetch or
erosion rates

Predict habitat changes for sea level
rise, storm surge, restoration
alternatives

Prescriptive
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Statistical

Estuary Fauna

Model
Type

Parameters
Simulated/Output

Model

Input Data Requirements

Typical Scenarios

Level of
Complexity

Shiraz

Fisheries (e.g., different
species and life stages of
salmonids)

Land cover characteristics

Impacts of Introducing alternative
land use/covers

Analytical

Dynamic
hydrology model
to predict
mosquito
abundances

Surface wetness as proxy
(statistical predictor) for
mosquito abundance
(species-specific)

Input from a hydrology
model; species characteristics;
meteorological; topographic;
soil; vegetation

Real-time forecasting of surface
wetness as basis for control measures
for floodwater and non-Floodwater
Mosquito Species

Numerical /
statistical

Coastal CAPS

N/A

Counts of individuals within
species by location

An assessment model (i.e., not
predictive)

Empirical

Massachusetts
Marine MIMES

Food webs (pelagic and
benthic)

Species look-up table,
bathymetry, soil characteristics

Development of adaptive strategies;
regulations

Integrated
toolbox

Estuarine
Simulation Model
(ESM)

Water quality, eelgrass,
bivalves

Watershed loads (nutrients,
TSS, CDOM, labile OM),
freshwater contributions,
wind, salinity, temperature,
PAR, and physics

Chlorophyll, DIN, DO, phytoplankton
and benthic microalgal primary
production, water column and
sediment respiration, sediment
denitrification scenarios

Numerical

Bayesian
networks/models

Unlike conventional
simulation models. Utilize
data to describe
probabilistic dependencies
among system variables
(i.e., rather than substance
mass balances). Full
networks are
decomposable into smaller
sub models, with structure
and quantification that
reflect relevant theory,
judgment, and/or
observation.

System data and output
(various complexities) from
other models.

Various ecological attribute desired
for which data exist/are being
developed (e.g., consideration of
probabilistic or frequency-based water
quality standards)

Statistical

Note: A number of existing estuarine and landscape models were evaluated for their potential application to the Herring River adaptive management
plan. Along with the previously developed EFDC hydrodynamic model, SLAMM, SMART, and MEM are being considered in more detail.
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The primary outcome of the ecosystem model study (WHG/UNH 2014) was a conceptual
framework for a “modeling toolkit” comprised of individual sedimentation, vegetation change, and
water quality models integrated and linked to the EFDC hydrodynamic model. The modeling
framework provides models to predict the outcomes of potential management actions/strategies in
terms of the performance measures of the project objectives. As described in the model framework
final report:
“Such a toolkit preferably includes the means to estimate the responses of the
biophysical system to restoration efforts, and consequently weigh these responses
against socially defined preferences on the state of the system. The recommended
models allow for simulation of restoration alternatives and phases to provide a basis
for selecting restoration actions based upon best available information and data to
date. The models also can be refined over time to incorporate new data and to
simulate subsequent restoration phases as the basis for incremental restoration of the
system as part of the overall adaptive management process. The models in the toolkit
can vary in scope and level of complexity. For example, some of the recommended
models are detailed numerical models, while others are basic analytical modeling
approaches or assessment of field data.”
The specific numerical models recommended for use with the Herring River EFDC model include
the following:


Marsh Equilibrium Model (Morris et. at. 2002) – a marsh accretion model which would be
used for predicting long-term changes in marsh surface elevation as tidal range and salinity
are restored.



Salt Marsh Assessment and Restoration Tool (Rogers, Konisky, and Mustard 2007) – a
vegetation model intended to predict long-term changes in fresh and saltwater dependent
plant communities.



Sea Level Affecting Marshes Model (Warren Pinacle Consulting, Inc. 2012) – a landscape
model used for assessment of rising sea level impacts on coastal resource areas.

WHG/UNH (2014) provides a detailed summary of the model framework development process.
Recommendations from the WHG/UNH model framework investigation include a series of pilot
studies to test and compare models and assess methods for coupling and integrating model outputs
with model inputs. These investigations are being conducted and will be part of the full adaptive
management plan.

Consequence Tables
The use of consequence tables is a common technique for evaluating and comparing consequences
of alternative management actions with regard to their performance across all project objectives.
They are used in an SDM framework to conduct side-by-side comparisons of different management
strategies, or policies, and evaluate how they affect objectives. Output from models, other predictive
tools, and expert elicitations are the means by which the estimated performance of alternate
strategies or policies are evaluated in a consequence table. Consequence tables are useful for
understanding and building consensus about how each strategy affects the objectives, while
concurrently identifying uncertainty in the predicted outcomes and recognizing potential trade-offs
among competing objectives.
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Table 5a is an excerpt of a consequence table that shows four example project objectives developed
as part of the adaptive management planning process for the Herring River project. This simplified,
preliminary example is shown here for illustrative purposes only. The objectives are listed in the first
column, whereas the second column indicates the desired direction of each objective; that is,
whether each objective is intended to be minimized or maximized (in this simple example, the
objectives are all to be maximized). The following four columns are populated with hypothetical
predictions under the status quo condition and for each of three unspecified management strategies.
Each strategy represents a distinct approach to management, such as those described previously in
the “Alternatives/Management Actions” section. The last column includes the units of the predicted
outcomes for each objective entered under each strategy.
In this hypothetical example, table 5a indicates that the tide range of the river is 2.0 feet (relative to
NAVD88) in its current state (“status quo”) and would rise to 2.2 feet under strategies A and B and
3.0 feet under strategy C. In the final adaptive management plan, actual predictions for this objective
under each specified alternative strategy would be extracted from the hydrodynamic model. In this
hypothetical example, other predictions are proposed in table 5a for sediment deposition
(millimeters per year), the number of acres with saltwater influence, and impacts to water quality (as
measured by a water quality index). In actuality, predictions for these objectives (and others) will be
populated using output of appropriate ecosystem models and professional judgments of subject
matter experts.
Finalizing similar consequence tables and populating them with predictions for each objective, under
each alternative strategy, is one of the major steps for developing the full adaptive management plan.
How these tables will be used and applied to decision making is described further in the following
section on trade-offs and in “Section 2: Iterative Phase.” The method for populating the
consequence table with predictions (table 5a) is an objective, science-driven process. It relies on
subject matter experts and technical specialists to provide predicted outcomes by way of modeling,
use of existing data, review of the literature, and expert elicitation. The next steps, described in the
“Trade-offs” section are value-based, subjective processes based on input from decision makers and
stakeholders.

TRADE-OFFS: IDENTIFYING THE “BEST” DECISION
Assessing Performance of Alternatives Across all Objectives
As discussed in the previous section, we expect to use consequence tables as a formal method to
assess the expected performance of each alternative decision or management strategy under
consideration across all project objectives. The goal of the assessment is to identify the decision or
management strategy that performs the best (given the identified objectives, considered alternatives,
and predicted consequences). Consequence tables allow the user to identify trade-offs; that is,
situations where undertaking a management action clearly advances some objectives while delaying
or impairing others. Trade-offs become apparent when the predicted outcomes of a complete
consequence table reveal clear distinctions about the effects of management strategies. Recognizing
these distinctions, and the trade-offs implied by carrying out any of the actions, is critical so that
clear differences can be discerned among the management options under consideration.

The Need for a Common Scale: A Couple of Methods
To begin the process of identifying trade-offs, the predicted outcomes initially entered into the
consequence table must be converted to the same scale to allow comparisons of the performance of
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the competing alternatives to be made among the different objectives. For example, in table 5a, the
four objectives have four different units: tide range is in feet, sediment deposition is in mm/year, salt
water influence is in acres, and water quality is an index. In their raw format, the performance of
each alternative on these objectives cannot be compared with one another because it would be like
comparing apples and oranges. To make comparisons, we need the objectives to be on a common
scale. Different methods exist to put objectives on a common scale; we mention two such methods,
normalized scores and utility, below.
Normalized Scores. One method to put objectives on a common scale is to convert the predicted
outcomes of each objective to a unit-less scale between 0 and 1 by way of normalization. The process
of normalization is demonstrated in table 5b and described here. The maximum and minimum
predicted outcomes are identified for each objective across all alternatives. If the goal is to maximize
the objective, the largest predicted outcome is assumed to be the best and is assigned the value of “1,”
whereas the smallest predicted outcome is assumed to be the worst and is assigned a value of “0.”
The outcomes predicted for the remaining alternatives on the same objective are then normalized
between the best (1) and the worst (0). To obtain a normalized score between 0 and 1, for each raw
prediction to be normalized, use the following equation: ([value to be normalized] – [smallest
value])/([largest value] – [smallest value]). See the “Normalized Scores” in table 5b for an example.
Alternatively, if the goal is to minimize the objective, the smallest prediction is assumed best and
assigned the value of “1,” the largest prediction is assumed worst and assigned the value of “0,” and
the other predictions are normalized by subtracting the equation noted above from 1. It is important
to note that use of the normalization method assumes a linear relationship of the predicted
outcomes; that is, every unit increase in the predicted outcome, regardless of whether it occurs at the
low-end, middle, or high-end of the range, is considered an equal increase.
Utility. Another method to put objectives on a common scale is to convert the raw predictions of
each objective to a unit-less scale between 0 and 1 by way of utility. “Utility” is the value or level of
satisfaction decision makers feel regarding the predicted outcome. Unlike normalization, utility is
not calculated from the raw predictions; rather, it is elicited from decision makers. As with
normalization, the outcome that is valued the most is assigned a value of “1,” and the outcome that is
valued the least is assigned a value of “0.” The remaining outcomes are assigned a value between the
worst (0) and the best (1), according to the value system of the decision makers. Utility is used rather
than normalization when a non-linear relationship is suspected in the valuation of the outcome
across its full range. By converting the raw predicted outcomes to utility, the consequence table
captures two aspects: (1) the prediction, which is based on the best available science and (2) values,
which are based on how decision makers feel about the predicted outcomes. Preliminary elicitation
of utility, mainly as a training exercise, has been conducted with the HRRC to investigate levels of
satisfaction with different amounts of restoration at different time frames.

Weight: The Relative Importance of Competing Objectives
After converting the objectives to a common scale, the next step in a consequence-table type tradeoff analysis is to assign weights to the multiple objectives. Weights reflect the relative importance of
each objective, and are determined by elicitation of the decision makers. We continue to build on the
hypothetical example proposed in tables 5a (Raw Predictions) and 5b (Normalized Scores) and carry
the trade-off analysis through the weighting step to demonstrate how the process identifies the
alternative that best meets the objectives. For the purposes of demonstration, we assume equal
weight of 0.25 on all objectives (table 5c; Weighted Scores). We multiply the normalized scores of
each objective by the weights assigned to each objective. We then sum the scores for each alternative
across the objectives for a final sum of weighted scores. The alternative with the highest score is the
alternative that performs best. We see that under a scenario of equal weights on all four objectives,
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Strategy C has the highest final score and is identified as the “best” alternative. Stated another way,
Strategy C is determined to produce the greatest overall benefit when compared with the three other
alternative strategies. It is important to note that although Strategy C is shown to be most favorable
when we look at all objectives as a whole, it is not the best at achieving each of the four objectives
when they are considered individually; for example, Strategy A would provide a better result for
water quality and Strategy B would promote the highest rate of sediment deposition. This is a
multiple objective situation; thus, we must take into account all objectives, weighted according to
their determined importance, and identify the alternative strategy (from amongst those considered)
that performs the best across all objectives when taken as a whole.
It is essential to understand and remain cognizant that the culmination of an identified best
alternative is explicitly and transparently based on the combination of many distinct components:
the list of objectives; the menu of alternative strategies considered; the predicted outcomes of each
strategy for each objective (which are based on the best available science and understanding of the
system at the time); the choice to normalize the predictions (which assumes a linear relationship);
and the weights assigned to each objective. This fact is critical for several reasons. First, it provides
the ability to transparently explain to stakeholders how the decision regarding which management
strategy to implement was determined. This ability is crucial in projects that have high community
engagement and potential impacts, involve regulatory implications, or have potential for litigation.
Second, if there is disagreement about the management strategy that is identified as best, the explicit
components and the transparent method of synthesis provide a clear basis for communication and
discussion about the appropriate point(s) of disagreement; that is, rather than argue about the
identified decision itself, discussion can be proactively focused on the components where the
disagreement originates. For example, the disagreement might be about the science used to predict
outcomes, the assumption of linearity in the normalization calculation, the value-system used to
assign the weights on the objectives, or another component. The explicit and transparent nature of
the SDM approach fosters effective communication and offers potential avenues to resolve
disagreements. Lastly, the SDM decision framework we have described provides a basis to
investigate if the decision that has been identified as best is sensitive to uncertainty or disagreements
in different components of the framework. This last topic of sensitivity is discussed in the next
section.

Sensitivity Analysis: Does the Identified “Best” Decision Change
with Variations in Predicted Outcomes, Utility, and/or Weights?
Decision makers and stakeholders want to be confident in the decision that is identified by the
decision framework as “best.” Confidence in the decision comes from understanding and agreeing
on the different components of the decision framework, as well as from demonstrating that the
identified decision is robust to uncertainty and/or disagreements regarding the components that go
into the decision framework. That said, an important aspect of analyzing the decision, is testing the
robustness (or, conversely, sensitivity) of the identified “best” decision; this process is known as
sensitivity analysis. Sensitivity analysis can, and should, be conducted for any component where
there is uncertainty or disagreement. Below, we mention three potential components where
sensitivity analysis is often applied: predicted outcomes (uncertainty or disagreement about the
science), utility (disagreement about level of satisfaction or preferences), and the relative importance
or weights on objectives (disagreement about values).
If there is uncertainty regarding the predicted outcome of an objective, we capture this scientific
uncertainty in a range for the prediction. We then run the full trade-off analysis under different
scenarios using the extreme low- and high-end predictions for the objective and determine if the

C-40

Herring River Restoration Project

Appendix C: Overview of the Adaptive Management Process for the Herring River Restoration Project

decision that is identified as best changes under the different predictions for the outcome. If the
same decision is identified, then the decision is considered to be robust to the uncertainty in the
predicted outcome of that objective. If, however, the management strategy that is identified as best
changes under the different scenarios, then the decision is said to be sensitive to that uncertainty.
The same type of process can be used to assess the robustness/sensitivity of the decision to an
assumption of linearity in the predicted outcomes (i.e., the normalization approach) as opposed to
using utility to represent a non-linear relationship. Or, if a utility approach is used, but there is
disagreement among decision makers regarding the shape of the non-linear relationship, the
resulting decision can be determined given the full range of possibilities for the utility. If the decision
does not vary with the different approaches or utilities, then the decision is robust to the range of
variability of those inputs. If, however, the decision changes given the range of variability in those
inputs, then the decision is deemed sensitive to the possible scenarios.
The relative importance of the different objectives is another potential area for disagreements among
decision makers and a key framework component for which to conduct a sensitivity analysis. In our
hypothetical example, we demonstrated that an equal weighting of all objectives resulted in the
identification of Strategy C as best (table 5c). However, if the decision makers ascribed higher
importance (i.e., weight) to the objective of sediment deposition (e.g., double the weight than that of
the other objectives), this would produce different weighted scores than those shown in table 5c, and
would result in Strategy B being identified as the best management decision (table 5d). Table 5e,
shows another different weighting scheme where water quality is deemed twice as important as the
other three objectives; given this weighting scheme, Strategy A is identified as the best course of
action. The fact that three different weighting schemes resulted in three different decisions
demonstrates that this hypothetical decision is sensitive to these potential disagreements in how to
weight the different competing objectives.
TABLE 5A: EXAMPLE OF CONSEQUENCE TABLE WITH RAW PREDICTED VALUES

Note: A basic consequence table is populated with direct output from models and other predictive tools to
compare how undertaking varied management strategies affects objectives.

TABLE 5B: EXAMPLE OF CONSEQUENCE TABLE, NORMALIZED TABLE, AND EQUAL WEIGHTING

Note: In order to make meaningful comparisons, original data can be mathematically transformed, or
“normalized,” to resolve issues with different measurement units and scales.
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TABLE 5C: EXAMPLE OF CONSEQUENCE TABLE WITH EQUAL WEIGHTING

Note: In this example, where all objectives are regarded equally, strategy C scores highest and would be the
best choice for meeting all objectives.

TABLE 5D: EXAMPLE OF CONSEQUENCE TABLE, WEIGHTED FOR SEDIMENTATION

Note: In the case of sedimentation rising in priority, that objective is given a greater weight, doubled in this
example. Strategy B would produce the best result in this circumstance.

TABLE 5E: EXAMPLE OF CONSEQUENCE TABLE, WEIGHTED FOR WATER QUALITY

Note: In contrast, if water quality was a priority, that objective is given a greater weight and strategy A would
produce the best result.
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If, after a sensitivity analysis is completed, a decision is found to be sensitive to real uncertainty or
disagreement in one or more of the key framework components, the path forward depends on
whether the uncertainty/disagreement is one of science (e.g., predicted outcomes) or one of values
(e.g., utility or weights). If there is an uncertainty in the science that results in decision makers
receiving conflicting guidance regarding the best decision, then this is a key uncertainty that can be
targeted to learn about through the adaptive management process. One approach is to create
competing models that reflect the range of uncertainty in the prediction. A relative weight of belief is
assigned to each competing model, and the confidence in each model is updated with each
subsequent decision cycle by comparing the model-specific predicted outcomes to the actual
observed outcomes; the model with greater agreement between the predicted and actual outcomes
gains weight at the expense of the model with lesser agreement. Using this approach allows both
models to influence the identified decision according to their assigned weight of confidence. If,
alternatively, the disagreement is not one of science but one of values (i.e., utility or relative
importance of objectives), the path forward is one of identifying the set of potential best decisions
and finding a negotiated solution among the decision makers. Throughout this process, it is essential
to remember that the decision framework is a decision-support tool; the tool provides guidance to
identify the decision that is best given the various inputs, but the final decision belongs to the
decision makers.
Tables 5a-5e show a very simplified example of how consequences and trade-offs would be
recognized and evaluated; the actual execution of this process, however, is likely to be complex and
will constitute a significant element of the adaptive management planning process and written
documentation. A summary of how technical specialists and decision makers will use these tools and
methods is described further in “Section 2: Iterative Phase.”
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SECTION 2: ITERATIVE PHASE
The preceding description of the setup phase describes the elements of SDM that are being
considered and discussed extensively by project proponents and stakeholders as part of the process
for developing a formal, written adaptive management plan. When complete, the setup phase and
adaptive management plan will result in a recommendation by the HRRC for a newly formed
Herring River Executive Council (HREC, discussed in more detail below) for the initial step of tide
gate management, based on the modeling results and trade-off analysis described previously. The
iterative phase of the adaptive management process will constitute the execution of the plan and
implementation of the restoration project. As implied, the iterative phase will also include continuing
updates to and modification of the adaptive management plan as the restoration project advances
and new information generated through the monitoring program is incorporated into models,
predictions, and decision making.
This description of the iterative phase provides information on the following:


General implementation of the project



How decisions are made during implementation



Permitting: How the adaptive management plan is integrated with permitting guidelines and
conditions



Public/stakeholder involvement during implementation



Modeling and monitoring to support the adaptive management plan



Iterative steps during implementation of the adaptive management plan

OVERVIEW OF IMPLEMENTING THE PROJECT
The SDM trade-off analysis discussed at the end of “Section 1: Setup Phase” is based on multiple
objectives and the predicted outcomes of alternative management actions. To begin the iterative
phase, the initial trade-off analysis (described at the end of “Section 1: Setup Phase”) will be used to
identify the first recommended management strategy for opening the Chequessett Neck Road tide
gates (see figure 3). The first iteration will include the following general steps (discussed in more
detail in the following sections):
1) Provide the recommendation (based on the initial trade-off analysis)
2) Make the decision (based on the recommendation, input from stakeholders, and other
factors specific to when the decision is made)
3) Implement the action
4) Monitor the response
5) Assess the decision (i.e., compare the predicted outcomes to the actual observed outcomes
for the project objectives).
After the assessment step (step 5), one of two pathways can be taken depending on the response (see
figure 4). If monitoring data indicate that a pre-determined threshold value has been met, then it is
warranted to update the predicted outcomes of the consequence table (step 6) and update the tradeoff analysis (step 7). The trade-off analysis will then lead to the next recommendation, which is the
identified best alternative management strategy given the updated knowledge regarding the system.
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Note: Hydrodynamic modeling output showing mean high tide (red line) and mean low water (blue line) with increasing Chequessett Neck Road tide gate
openings.

FIGURE 3: TIDE RANGES IN THE LOWER HERRING RIVER WITH INCREASED OPENING OF CHEQUESSETT NECK DIKE TIDE GATES
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Note: Conceptual diagram for proposed data review and decision-making sequence for Herring River adaptive management plan.
HRRC: Herring River Restoration Committee; HREC: Herring River Executive Council; ROG: Regulatory Oversight Group

FIGURE 4: DECISION MAKING SEQUENCE
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The recommendation may or may not change with the updated information. Then the iterative
decision cycle repeats. If, however, as a result of the assessment step (step 5), a threshold value is not
met, the alternate pathway is to continue with the previous information and recommendation, and
continue implementing the same management strategy. These threshold values, or triggers, will be
identified for each objective in the final adaptive management plan.
Updating the predictions and trade-off analysis with new information is the iterative/learning part of
the process that makes adaptive management decision making truly adaptive. This approach is a
modified version of adaptive management where the predicted consequences will be passively
updated when a specific, pre-outlined trigger is met. The key is formally updating predictions based
on learning from the iterative cycle (i.e., predicting, decision making, monitoring, assessing).
Updated predictions may lead to changing the recommendation (i.e., adapting management based on
what has been learned). It is important to note, however, that the updated predictions may not cause
a change in the recommendation; that is, the result of the updated trade-off analysis may point to the
same recommendation as the best management strategy among those considered. The following
sections provide additional information on how this approach will be applied to the project and how
decisions will be made and evaluated.

DECISION MAKING DURING IMPLEMENTATION
The governance and administrative structure for implementing the Herring River adaptive
management plan is described in the third memorandum of understanding (MOU-III) between Cape
Cod National Seashore and the towns of Wellfleet and Truro (see Appendix J of the final EIS/EIR).
The executed MOU-III is incorporated into the Record of Decision of the EIS/EIR. The
management structure is similar to the administrative framework described in MOU-II, executed in
2008, which established the HRRC and authorized preparation of the joint federal/state EIS/EIR and
the adaptive management plan. MOU-III also explicitly acknowledges the responsibility of the two
towns and Cape Cod National Seashore by establishing the HREC as the formal, decision-making
authority for the project. The HREC is comprised of select board members and town managers from
both towns, and the Cape Cod National Seashore superintendent, or their designees. MOU-III
formally retains the HRRC to serve in an advisory and technical support capacity similar to its
present function. As described in MOU-III, both the HREC and HRRC can consult with or convene
formal and informal groups to provide technical or advisory support on specific topics.
The HREC and HRRC are the entities primarily responsible for executing the adaptive management
plan. Simply stated, the HREC will be responsible for authorizing actions at each major decision
point, while the HRRC will provide management recommendations to the HREC and be responsible
for carrying out authorized actions in accordance with the guidelines outlined in the adaptive
management plan (summarized in this document) and regulatory permit requirements. The HRRC
would also have the role of analyzing, compiling, and summarizing monitoring data, modeling
output, field observations, and other information for the HREC. As indicated in MOU-III, the
HREC and HRRC may work with a third-party organization to implement agreed upon management
actions, field monitoring, data analysis, and public outreach activities.
After the initial management decision is made and applied, the future cyclical, iterative decisionmaking process, illustrated in figure 4, is grounded on the collection and analysis of monitoring data
intended to measure performance of the specific objectives formulated for the adaptive management
plan (see table 1). The general approach for monitoring and data collection is discussed in the
“Monitoring and Modeling for Adaptive Management” section below. Although not likely to be
directly involved in data collection, the HRRC will be the primary user of the monitoring data,
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thereby establishing the link between monitoring and decision making. As management actions are
implemented and the response of the system is monitored, the HRRC will assess the performance of
models and other predictive tools by comparing those outputs to actual, observed outcomes. These
results will be summarized in written reports and form the basis for recommended management
actions to be implemented during the subsequent time period. The HRRC will submit written
reports to the HREC that will describe previous management actions, data analysis, and
recommendations for future management actions. The HREC will either approve the HRRC
recommendations or request additional data collection and/or analysis for further review and
possible reconsideration of recommended management actions.
The HRRC will also consider the trade-offs of various management alternatives. Consequence
tables, in particular, help illustrate trade-offs by organizing the relationships between alternate
management strategies, objectives, and predicted outcomes indicted by model output. They are
described in the “PrOACT” planning process in Section 1 of this document. Consequence tables will
identify which alternative actions would be most advantageous for achieving certain objectives based
on weighted stakeholder preferences and attitudes toward risk taking. The tables would result in a
numeric scoring of “preferred” management strategies, but it would be up to the HREC and HRRC
to evaluate these results, along with input from stakeholders and other factors germane to the
decision, to make informed and transparent decisions about the most appropriate actions at any
given point of the project implementation timeline. This recognizes the potential that some decisions
may carry higher risk than others and that it could be necessary to tolerate some less advantageous
effects in the short-term in order to achieve broader, long-term project objectives.
In addition to evaluating trade-off analyses, while reviewing monitoring data and formulating
management options available for to advancing the objectives of the Herring River project, the
HRRC will consider:
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The current state of the system including


cumulative changes that occurred since commencement of the restoration process



specific changes that occurred since implementation of the most recent management
actions



effects of natural and anthropogenic events that are unrelated to tidal restoration



comparison of observed changes to model predictions



status and effectiveness of mitigation measures employed to prevent adverse impacts



compliance with regulatory requirements and permit conditions



stakeholder comments, concerns, and interactions

Predicted outcomes of recommended management actions:


specific details of management actions (e.g., change in tide gate configuration; methods
of required secondary management actions)



temporal context of management actions (e.g., implications of seasonal effects;
anticipated tidal forcing, weather conditions, storms, etc.)



spatial context of management actions (e.g., area predicted to be affected by increased
tidal exchange; locations of proposed secondary management actions, juxtaposition with
other management)
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expected changes/impacts to be measured through field monitoring (e.g., water surface
elevations, salinity changes, water quality changes, sediment movement,
vegetation/habitat changes)



confirmation that required mitigation measures are in place to prevent adverse impacts



anticipated stakeholder reaction and plans for public outreach/education

The operational and administrative structure for supporting recommended management
actions:


review of monitoring effort (e.g., set up of sensors, data loggers, and monitoring studies,
and operational needs for assessing predictions derived from hydrodynamic models)



assessment of available resources (e.g., staff, equipment, funding, contracts, availability
for implementation of management actions, including reversing actions, if needed, to
address unforeseen effects)



assessment of personnel and funding needs during implementation monitoring, data
analysis, and reporting of results



assessment of personnel and funding needs for public outreach and communications



permit compliance and regulatory approval during implementation of management
actions

ADAPTIVE MANAGEMENT AND PERMITTING
The adaptive approach for implementing and managing the Herring River project presents several
challenges in obtaining the regulatory approvals required from local, regional, state, and federal
agencies. Traditionally, proponents are expected to describe the environmental impacts of their
project, how the design and alternative analysis process was used to minimize and avoid adverse
impacts, and what mitigation methods would be used to offset unavoidable adverse impacts.
The final EIS/EIR for the Herring River identifies the long-term environmental and socioeconomic
effects of restoring natural tidal range and salinity levels to the floodplain. The immediate direct
impacts resulting from construction elements of the project are also described. These construction
elements are relatively straightforward, with clear, predictable impacts which can be described in
detail in permitting applications in a manner similar to traditional project permitting. Two examples
of these construction elements are the reconstruction of the Chequessett Neck Road dike and
associated tide gates and the increase of elevation of low lying roads.
In contrast, the impacts of adaptive elements of the project including many of the secondary
management actions (e.g., management of sediment, vegetation management, restoration of marsh
channels and pools, etc.) by their nature cannot be analyzed in detail in the final EIS/EIR or
presented in the traditional manner as part of a permit application package. These and other
elements share varying degrees of uncertainty about how, when, or where they would be
implemented; whether they will need to be implemented at all; and what the resulting effects would
be. Questions surrounding these actions cannot be addressed in any quantifiable way until
implementation of the project is initiated. Formally and explicitly characterizing the uncertainties
that affect and hinder decision making is a core component of the iterative process. In the adaptive
management plan uncertainties will be thoroughly specified and will be captured in the decisionmaking framework, either through competing models or parameter distributions in a single model.
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This will result in improved predictions and future decision making by reducing the specified
uncertainties through targeted monitoring.
As an example of a project component that requires this adaptive approach, deposition of large
volumes of sediment is needed on the existing subsided portions of the Herring River floodplain in
order to restore conditions suitable for the recolonization of salt marsh vegetation. However,
sediment transport models for predicting whether or to what extent this will occur by natural means
are expensive to develop and the estimates from those models have large variances. When
restoration of tidal influence is underway, monitoring data and observed outcomes can be used to
determine whether natural deposition is occurring and if so, whether the location and rate of
deposition is sufficient to promote vegetation recovery or if secondary management actions might
need to be implemented. Similar uncertainty exists for knowing if, when, how, and where tidal
channels may need to be constructed or enhanced to promote circulation of tidal waters, or the
location and frequency of actions required to manage undesirable vegetation.
Within this context, the final EIS/EIR the HRRC describes a permitting process that would meet all
local, regional, state, and federal agency regulatory requirements while also allowing flexibility to
implement the project according the adaptive management guidelines described in this document.
This approach to permitting acknowledges that some elements of the project – such as those cited in
the previous paragraph – are uncertain and difficult to predict and are therefore not conducive to a
traditional permitting approach.
This approach to permitting is based on a multi-tiered process where project proponents would
initially apply for a comprehensive set of permits and approvals. [Note that this permit application
package refers to the Massachusetts 401 Water Quality Certification, Clean Water Act Section 404
permit application, town of Wellfleet and town of Truro Notices of Intent (under the Massachusetts
Wetlands Protection Act and town bylaws), and Massachusetts-Department of Environmental
Protection Chapter 91 License applications; related approvals from other agencies (e.g.,
Massachusetts National Heritage and Endangered Species Program, Massachusetts Division of
Marine Fisheries, NOAA, Cape Cod Commission will also be included)]. Permit applications would
address project elements grouped into classes associated with each phase of project implementation.
This recommended approach is more fully described in chapter 5 of the final EIS/EIR.
A core element of the permitting approach is the proposed formation of a regulatory work group.
This group would be comprised of local, regional, state, and federal agency staff/representatives that
would meet with the HRRC on a regular basis. The regulatory oversight group (ROG) would be
analogous to the current Technical Working Group that was established by the MEPA office as part
of MOU-II. The purpose of the group would be to review monitoring data, reports, and proposed
plans for additional work and provide regulatory guidelines for the submission and approval of
proposed management actions.
In concert with the HRRC and HREC (see figure 4), the ROG would be part of the decision-making
process for implementing the adaptive management plan. Similar to the HREC, the HRRC would
provide the ROG written reports and participate in meetings to review monitoring data and discuss
management recommendations. The ROG would evaluate prior and proposed actions for adherence
to established permit conditions and stated project objectives and provide guidance for necessary
permit modifications, amendments, and extensions. Agency participation in the ROG will be
requested from the Wellfleet and Truro Conservation Commissions, Cape Cod Commission,
Massachusetts Department of Environmental Protection, Massachusetts Natural Heritage and
Endangered Species Program, Massachusetts Division of Marine Fisheries, Massachusetts Coastal
Zone Management, MEPA Office, U.S. Environmental Protection Administration, NOAA Fisheries,
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US Fish and Wildlife Service, and the Army Corps of Engineers. Formation and organization of the
proposed ROG will be pursued during 2016 and 2017 as agencies are requested to actively participate
in development and review of the adaptive management plan and initial permit applications are
prepared.

PUBLIC AND STAKEHOLDER INVOLVEMENT DURING
IMPLEMENTATION
One of the key tenets of adaptive management is providing a transparent, objective, and logical basis
for making decisions in the public realm. Early identification and involvement of stakeholders –
those groups and individuals with an interest in the resource and a willingness to contribute to
discussion on how it is managed – is a critical step for developing an effective adaptive management
program. Stakeholder outreach has been informally conducted for the Herring River project since
the idea of restoring tidal flow to the river was raised in the 1970s. More recently, coordination with
stakeholders was formally recognized in the original MOU (referred to as MOU I)signed by the Cape
Cod National Seashore and town of Wellfleet in 2005, which designated a Stakeholder Committee to
consult with and provide feedback to the Herring River Technical Committee as the Conceptual
Restoration Plan was prepared. Although this group was not explicitly cited in MOU II (2007), the
HRRC and USGS adaptive management planning team has met several times with ad hoc groups
representing the same interest groups (in some cases the same individuals) included in the
Stakeholder Committee. The objectives discussed previously and summarized in table 1 reflect
comments, concerns, and feedback from these meetings.
A new stakeholder group is proposed to be established by the HREC when MOU III is formally
executed. Similar to the prior groups, the stakeholder group is intended to represent the broad
interests of the community including, but not limited to, potentially affected landowners and
business owners, recreational users of the Herring River flood plain, shellfishermen, and
conservation and environmental advocates. Once established, the stakeholder group will work with
the HRRC, HREC, and ROG to ensure that community interests and concerns are represented in the
adaptive management plan as it is further developed and implemented.
In addition to a standing stakeholder group, public involvement with the Herring River project will
occur as part of the permitting and decision approval processes. All permitting processes (see
previous section) require extensive public input and review periods that provide ample opportunities
for individuals, private organizations, and public agencies to provide input. Because the adaptive
management plan will be included as part of the permitting process, direct feedback about the
general approach and specific details of the plan can be provided on multiple occasions. After the
permitting process is concluded, HREC and ROG meetings will be open to the public and any
information provided to those groups will also be made publicly available. It is expected that before
any monitoring data are analyzed in formal summaries, some data will be available to the public on
the internet on a real-time, on demand basis.
Public involvement will also extend to numerous recreational, educational, stewardship, and
volunteer opportunities provided by the restoration project. The Friends of Herring River (FHR),
established in 2009 with the mission of promoting education, research, and public awareness of the
Herring River Estuary, will continue to initiate and engage in public education activities to ensure
community-wide involvement in the project. Cape Cod National Seashore also provides numerous
recreational programs focusing on the Herring River. Utilizing volunteers for a variety of
stewardship and monitoring activities will be a focus of FHR and the Cape Cod National Seashore
and will be extremely beneficial given the diversity and magnitude of required activities and limited
budgets.
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MONITORING AND MODELING FOR ADAPTIVE MANAGEMENT
The collection, analysis, and application of sound, credible monitoring data to compare with
predictions from modeling is the primary means in adaptive management to assess progress towards
meeting project objectives. Equally important is the ability to predict the variation of expected
outcomes across a range of alternative management actions that are under consideration. As
previously described, in SDM and adaptive management output data from models are used to
populate consequence tables so that predictions of how management actions influence objectives
can be compared. After management actions are implemented, monitoring data are used to
determine real outcomes, evaluate how models performed, and refine model predictions about the
outcomes of future actions. Table 1 provides an overview of available monitoring methods and
predictive tools for each objective of the adaptive management plan. These are described in more
detail in the following sections.

Fundamental Objective 1: Restore Hydrography
As described previously, “hydrography” in this context refers to the interaction between tidal
hydrology and marsh surface elevation. Hydrography represents the interrelated physical processes
that ultimately support the ecological function of an estuary. Restoring hydrography to the Herring
River involves reestablishing the natural tidal range and other hydraulic functions, as well as the
sediment transport dynamics that occurred prior to construction of the Chequessett Neck Road dike
in 1909.

Tide Monitoring and Hydrodynamic Modeling
Historic, current, and proposed tidal conditions of the Herring River are well documented by both
robust long-term data sets (i.e., 2004–present) developed and maintained by Cape Cod National
Seashore and the hydrodynamic model developed by WHG in 2012. Cape Cod National Seashore
tidal monitoring has included water surface elevations collected at several locations within the
Herring River flood plain and Wellfleet Harbor as both stand-alone efforts starting in 2004 and as
part of other studies (NPS unpub.). Groundwater elevations were also recorded by Cape Cod
National Seashore from 2006 through 2014 in shallow wells installed throughout the flood plain
(Martin and Medeiros 2014).
Some of these data were used for calibration and validation of the Herring River hydrodynamic
model (WHG 2012) and are described in detail in several reports and memos prepared by the WHG
(WHG 2013, 2016). In addition to projected water surface elevations expected under a range of
future restoration management scenarios, the hydrodynamic model also provides data on flow
velocities, salinity change and degree of penetration within the Herring River (discussed in the next
section), and derived metrics describing the frequency and duration of tidal inundation (i.e.,
wetting/drying and hydroperiod).
Cape Cod National Seashore monitoring of water surface elevations at currently established
locations is expected to continue for the duration of the project. In order to more fully describe
current baseline conditions, the Cape Cod National Seashore and the HRRC are working with FHR
to expand the network of tide monitoring locations as the project advances toward the construction
phase. Additional stations will be installed on a pilot basis in 2016 which will use electronic water
level sensors similar to those used by Cape Cod National Seashore since 2004, but will also include
radio telemetry systems to enable real-time data availability to the public via the internet. Full
coverage of tide monitoring stations will be in place throughout the floodplain so that future changes

C-52

Herring River Restoration Project

Appendix C: Overview of the Adaptive Management Process for the Herring River Restoration Project

in tidal hydrology will be maintained by the project on a long-term basis. In 2015, one of these
stations was established by USGS just downstream of the Chequessett Neck Road dike and is
currently streaming tide level and other data that can be viewed at:
http://waterdata.usgs.gov/ma/nwis/uv/?site_no=011058798&PARAmeter_cd=00065,00060.
When the project is underway and tide monitoring is implemented, new data will be used to
recalibrate and revalidate the hydrodynamic model and refine predictions about how manipulation
of the tide gates influence tidal hydrology. These refined predictions will improve the ability to make
subsequent management decisions and track how the project is meeting the stated objectives.

Sediment Transport Monitoring and Modeling
Sediment transport is a critical component of the hydrography objective because, combined with
tidal dynamics, it is a key determinant of a marsh surface elevation that is in equilibrium with tidal
conditions. The elevation of the marsh surface affects the distribution of inter-tidal habitats and
associated vegetation and faunal assemblages. This relationship is particularly important in the
Herring River flood plain because extensive subsidence has occurred, resulting in areas that are up to
3 feet lower when compared with their historic elevation relative to mean sea level. The ability to
predict the locations and rates of sediment deposition throughout the flood plain, and to monitor
this as the project is implemented, is necessary in order to develop reasonable projections of the
recovery of vegetated inter-tidal habitats and their associated ecological functions. In addition, many
potential secondary management actions, such as channel clearing, ditch plugging, and the
restoration of salt panne and pool habitat are dependent on sediment transport processes. If these
secondary actions are implemented, data will be collected in order to plan, design, and evaluate the
actions. Sediment transport is also a key element of several other ecological and socioeconomic
objectives, and is discussed in more detail in the subsequent sections.
In contrast to tidal dynamics, sediment transport dynamics relating to the Herring River project are
less well understood and as such predictions of sediment transport from modeling poses higher
levels of uncertainty. The size of the project area and difficult access make collecting sediment data
challenging. Additionally, sediment transport models are notoriously complex to develop and
predictions are subject to relatively high variability. Nonetheless, limited sediment data have been
collected from the Herring River flood plain and Wellfleet Harbor as part of several studies. Existing
sediment-related data sets and investigations include:


grain-size analyses of sediment cores (NPS unpub.) and surficial grab samples (Harvey 2010;
Gorczynski 2010)



bulk density and carbon dating of sediment cores (Gonneea unpub.)



marsh accretion data from sediment elevation tables and associated marker horizons (NPS
unpub.), and



qualitative assessment of historical geomorphic processes (Dougherty 2004)

Combined with output from the hydrodynamic model, these data have been used by the WHG to
develop an analytical sediment model which provides a generalized qualitative assessment of how
sediment would move under a range of restoration scenarios, that is predicted areas of deposition
and erosion (described in detail in WHG 2012).
To supplement existing data, in 2016 HRRC is initiating a combined approach for enhanced
modeling and the monitoring of baseline bathymetric and topographic conditions to improve
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predictions of sediment transport. This includes exploring methods for measuring shallow water and
fine scale bedform change within the system. The multi-task approach is focused on the following
tasks:


identifying and selecting appropriate sediment measurement technologies



exploring the sensitivity of implementing the sediment transport and morphological change
module of the existing EFDC hydrodynamic model for the Herring River system



developing an appropriate sediment characterization and monitoring program and



initiating a long term marsh surface and bathymetric survey and monitoring program.

Fundamental Objective 2: Restore Ecosystem Function and Integrity
Ecological integrity refers to the combined chemical and biological processes that constitute the
ecological function of the estuary. As shown on table 1, the ecological function of the Herring River
is indicated by the following sub-objectives:


the area influenced by estuarine salinity;



the area supporting estuarine vegetation communities appropriate for New England;



the quality of habitat for estuarine fish, shellfish, and invertebrates; and



accessibility of river and pond spawning habitat for diadromous fish (i.e., river herring and
American eels).

As the basis for determining baseline conditions for the proposed restoration project, Cape Cod
National Seashore natural resource staff and other scientists have been monitoring ecological
functions within the Herring River for more than 20 years, with continuous data collection occurring
for some variables since 2004. Salinity values (as determined through electrical conductivity) have
been recorded simultaneously with the tidal water surface elevations described in the previous
section. Other water quality variables, including dissolved oxygen and temperature, are measured
and recorded by electronic sensors and data loggers. Synoptic grab samples are also collected
monthly at locations throughout the flood plain for field and laboratory analysis of pH, alkalinity,
total suspended solids, iron, color, chlorophyll-A, sulfate, nitrogen, and phosphorus.
The pre-restoration ecological function of the Herring River estuary is also being assessed by Cape
Cod National Seashore through bioindicator studies designed to assess movement of nutrients,
carbon, and sediment through the ecosystem and baseline inventories of benthic invertebrates.
Recent work completed during the 2015 field season included:
1) benthic invertebrate surveys in areas upstream and downstream of the Chequessett Neck
Road dike, and
2) a bioassay where macroalgae and oysters were deployed in the water column along a
downstream to upstream gradient to measure carbon, nitrogen, and sulfur stable isotopes as
method to determine nutrient and carbon sources and evaluate water quality.
Preliminary data received from these studies are currently being analyzed. Funding requests for
repetition of these studies during the restoration process are pending approval.
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Baseline plant community composition within the Herring River system has been characterized by
Cape Cod National Seashore with data collected from monitoring plots distributed throughout the
flood plain. Plots have been resampled every 3 to 5 years since 2004, as part of the Cape Cod
National Seashore regular vegetation monitoring program. This sampling and analysis will continue
with increased frequency when the project is implemented. Estimation of plant community
composition is also being supplemented with updated vegetation cover type mapping. In 2013, the
Cape Cod National Seashore acquired two Digital Globe satellite data sets in panchromatic and
multispectral formats. Data processing and field work at randomly selected training sites was
conducted to support unsupervised classification. Several raster data sets and draft mapping
products have been prepared to date and are currently being reviewed by Cape Cod National
Seashore staff and the HRRC. Pending future funding, the methodology for processing and
analyzing these data will be used with new satellite and other airborne data acquired as the project is
implemented.
As described previously in the “Consequences” section, the development of a framework that links
hydrodynamic, sediment transport, water quality, and vegetation models for the Herring River
ecosystem is in the early conceptual development stage (see influence diagram, figure 1b). The
scoping process for evaluating existing ecosystem models and exploring their utility for the Herring
River project is described in detail the Conceptual Model Framework Report prepared by WHG and
the Jackson Lab at Univ. of New Hampshire in 2014 (WHG/UNH 2014). This investigation
recommended exploring three existing models in greater detail; the Sea Level Affecting Marshes
Model (SLAMM, Warren Pinacel Consulting, Inc. 2012) and Salt Marsh Assessment and Restoration
Toolbox (SMART, Rogers, Konisky, and Mustard 2007) (both of which are currently being
evaluated as vegetation change models) and the Marsh Equilibrium Model (MEM, Morris 2002)
(which is being considered to predict marsh accretion and sediment changes, as a complement to
other sediment related tools described in the previous section). Additional ecosystem models for the
Herring River include a tool currently being developed by USGS for estimating fluxes of nitrogen
and other constituents between the water column and rewetted peat soils and a simple empirical
model to predict GHG fluxes (carbon dioxide and methane) from the system.

An Ecological Landscape Model
Efforts are also underway to synthesize the array of physical, chemical, and biological monitoring
data with output from the hydrodynamic and ecosystem models by developing a spatially explicit,
raster-based landscape model of the Herring River flood plain. This is in the early planning stages.
The approach is based on creating a series of summary indices to represent state conditions such as
hydrology, sediment/marsh accretion, and vegetation cover types. These could be mathematically
combined to produce an assessment score of the overall ecological condition. The landscape model
domain and boundary conditions would be adapted from the two-dimensional, curvilinear grid
developed for the hydrodynamic model. Model cells would be populated with index values
representing existing state conditions and predicted future conditions would be derived by the
hydrodynamics of various restoration scenarios. This would facilitate assessment of actual
conditions across a range of indicators compared with model-derived predictions at discrete
locations. The landscape model would also provide a convenient organizational and data
management framework for the project. A schematic concept for the landscape model is shown in
figure 5.
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Note: Conceptual diagram for Herring River landscape model, depicting raster layers representing three ecosystem function indices (hydrology,
vegetation, and sedimentation) used to formulate an overall state condition variable for model raster cells.

FIGURE 5: LANDSCAPE MODEL SCHEMATIC DIAGRAM
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Fundamental Objective 3: Minimize Adverse Impacts
In contrast to the two objectives discussed previously, which are wholly ecological, minimizing
adverse impacts involves both ecological and socioeconomic issues. Therefore, predicting and
monitoring potentially adverse impacts requires some of the ecological modeling and data collection
discussed in the previous sections plus additional work to assess and evaluate socioeconomic issues.
As discussed in detail in the final EIS/EIR, changes in tidal hydrology, vegetation, water quality, and
sediment transport patterns all have the potential to cause some adverse effects. Socioeconomic
impacts, such as public safety and aesthetics, will require additional assessment beyond the
ecological monitoring already discussed.

Predicting and Monitoring Adverse Impacts to Ecological Resources
Detecting adverse ecological impacts before they cause substantial, adverse effects is one of the
major tenets of the Herring River project and a primary reason for initiating the adaptive
management process described in this document. Potential adverse effects are discussed in detail in
the final EIS/EIR and generally include, but are not limited to:


releases of sediment, nutrients, and coliform bacteria into the Herring River and Wellfleet
Harbor;



poor circulation of tidal flows and ponding of salt and freshwater throughout the Herring
River flood plain;



impacts of dead and dying trees and shrubs on marsh habitat;



potential spread of non-native common reed (Phragmites australis)



slow recovery of native salt and brackish vegetation due to lack of marsh accretion; and



potential impacts to freshwater and upland dependent state-listed wildlife species and the
state- and federally-listed Northern long-eared bat.

The ecological modeling output and monitoring data described previously under “Objective 2:
Restore Ecosystem Functions and Integrity” would be used to track, detect, and characterize these,
and other potential adverse ecological and socioeconomic impacts. Hydraulic and hydrologic data
(i.e., tidal elevation, flow velocity, residence time, etc.) will be used to recalibrate and revalidate the
EFDC hydrodynamic model and to estimate sediment and other particle transport processes which
could affect shellfish and other resources in Wellfleet Harbor. These physical data would be used in
concert with chemical and biological data developed through the previously described water quality
monitoring and bioindicator studies to both predict expected changes and confirm actual changes.
As the adaptive management and monitoring program is further developed, threshold values,
indicating a trend toward conditions which could adversely impact specific resources, will be
identified in collaboration with stakeholders, technical experts, and decision makers. As stated at the
beginning of Section 2 of this document, reaching or exceeding a threshold could trigger a change in
management strategy (e.g., slowing or reversing increases to tidal exchange), a reanalysis of data
and/or modeling output to confirm results, or other actions to mitigate the unintended effects.
Restoration of tidal influence to the Herring River will initiate changes to existing vegetation and
habitats that could potentially cause adverse impacts. In order to reduce adverse impacts, and with
landowner concurrence, non-native common reed could be treated with herbicide and trees could
be removed from areas of the flood plain prior to being affected by tidal flow. However, some woody
material from dead and dying shrubs and trees that cannot be cut down is anticipated and the
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resulting woody debris has the potential to impede flow of tidal waters, thereby creating stagnant
pools, odors, and possible mosquito breeding habitat. Active management of tidal flow within the
Herring River and its tributaries during the restoration process will be an important component in
minimizing adverse impacts. Predicting and monitoring vegetation change will be an important
means for detecting potential problems. The adaptive management plan will specify several
management responses to address any issues identified through vegetation and habitat monitoring.
Vegetation and habitat change are also critical factors for estimating and tracking potential impacts
to state-listed rare, threatened, and endangered species and the state- and federally-listed Northern
long-eared bat. The changes, and their general effects to these species, are more fully described in
chapter 4 of the final EIS/EIR. As previously discussed, because of the uncertainty of future salinity
levels in the mid- and upper reaches of the Herring River flood plain, the changes in habitat and its
subsequent effects to the listed species are difficult to quantify. In general, much of the anticipated
impacts to the state-listed species (includes American bittern, least bittern, Northern harrier, Eastern
box turtle, and water willow stem borer) will be caused by the restoration of current freshwater
wetland habitats to tidally influenced salt and brackish marsh habitats. Baseline studies for of the
species are underway and, as part of a habitat management plan to be submitted for approval under
the Massachusetts Endangered Species Act by the National Heritage and Endangered Species
Program, changes to these habitats and how these regulated species respond will be monitored as the
projected is implemented.

Predicting and Monitoring Potential Adverse Impacts to Socioeconomic
Resources
Despite the substantial benefits of the Herring River project, there is the risk that adverse impacts
could occur to private properties, roads, shellfish beds, and other natural and socioeconomic
resources. Eliminating and minimizing these risks, however small, is a fundamental objective of the
project and is a driving force for undertaking a transparent, adaptive, and rigorously monitored
approach in determining impacts to these resources. Socioeconomic objectives include eliminating
impacts to roads and privately-owned structures (including the Chequessett Yacht and Country
Club (CYCC) golf course), minimizing adverse aesthetics (viewscapes) within the flood plain, and
minimizing risks to public safety. Eliminating the risk of adverse impacts to water quality within the
river and Wellfleet Harbor is an objective that spans both ecological (e.g., estuarine habitat quality)
and socioeconomic topics (e.g., shellfishing, water-based recreation, aesthetics, etc.).
Potential impacts to roads and privately-owned structures from incremental increases to tidal
influence have been modeled using the hydrodynamic model. After an initial screening that
incorporated model data with desktop GIS resources to locate potentially vulnerable sites, additional
site-specific information is currently being collected to refine impacts and inform mitigation design
plans that will be completed before project activities have impacts on these properties.
Although mitigation plans will be implemented for affected properties before restored tidal influence
reaches them, monitoring during project implementation will still occur in order to confirm that the
mitigation measures are performing as designed, model predictions are accurate, and that no other
mitigation is needed. Similar to other potential adverse impacts, the goal of monitoring low roads
and structures is to detect trajectories which could harm these resources before any actual harm
occurs. The primary means for doing this will be surface water monitoring instrumentation and
groundwater monitoring wells placed downgradient from areas of concern. Changes detected in
these areas attributable to restored tidal flow would signal that refinements to the hydrodynamic
model may be necessary and that additional measures need to be in place to mitigate impacts before
any additional increases are made to tidal range.
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Rigorous monitoring of surface water and groundwater is anticipated at the CYCC golf course
located in the Mill Creek sub-basin. As part of the preferred alternative described in the final
EIS/EIR, the intent of the project is to fully implement the mitigation plan for the golf course,
including filling and regrading the low portions of the golf course vulnerable to restored tidal flow.
However, it is uncertain whether funding, permits, and other approvals, including mitigation
agreements with the CYCC and other Mill Creek landowners, will be in place to complete this
concurrently with construction of Mill Creek and Chequessett Neck Road dikes. If the project
advances to the point where restoration of tidal influence in the Herring River is ready to begin
before the Mill Creek sub-basin, tide gates at the Mill Creek dike will remain closed (maintained in a
drainage only condition) as Chequessett Neck Road tide gates are opened. The Mill Creek dike tide
gates would only be opened to initiate tidal restoration in that sub-basin after all necessary mitigation
measures have been implemented to prevent adverse impacts to low-lying properties.
Groundwater studies undertaken by the NPS, HRRC, and FHR (WHG 2012, 2016) have
demonstrated that restoration of tidal exchange in the Herring River main basin, with the Mill Creek
dike tide gates closed (allows drainage only), would not cause adverse groundwater impacts to the
golf course. However, given the inherent uncertainty of groundwater models and low risk tolerance
for groundwater impacts to the golf course, a robust monitoring program will be put in place before
any changes to tide range in the Herring River are implemented. This monitoring program would
include establishing baseline groundwater conditions and collecting data in order to detect future
project-related groundwater elevation changes on the golf course. Groundwater monitoring wells
would be located at key locations within the Mill Creek sub-basin and other parts of the flood plain.
If analysis of monitoring data indicates that increasing tide range in the Herring River results in
groundwater increases approaching predetermined threshold elevations in Mill Creek, measures will
be employed to prevent project-related changes to groundwater from exceeding the predetermined
elevation thresholds. If necessary, Chequessett Neck Road tide gates could be adjusted to reduce
Herring River water levels and maintain Mill Creek groundwater below threshold elevations.
Monitoring data, model parameters, and model output would be reevaluated to determine whether
additional actions could allow resumption of increases to Herring River tide range while preventing
adverse effects on the CYCC golf course. Project modifications may require investigation of alternate
means of impact mitigation for the golf course and possibly other Mill Creek structures. These
measures could include cleaning out trapped sediment from the sub-basin channel network to
increase drainage, adjusting Chequessett Neck Road tide gate operation to limit increases in mean
water levels, on-site mitigation measures on affected properties, and installation of a pump system at
the Mill Creek dike.
Other potentially adverse socioeconomic impacts cited as adaptive management objectives include
increased risks to public safety and aesthetic concerns associated with impacts to vegetation, odors,
water quality, and construction noise. Predictions and monitoring for some of these will be partly
based on the ecological monitoring parameters discussed previously. These include, but are not
limited to:


water quality variables that assess the visual appearance of water;



marsh odors associated with hydrogen sulfide gas production;



salinity-driven habitat changes that affect the visual appearance of the project area; and,



changes to viewscapes from residential areas and public vantage points.

Socioeconomic data will be required to establish the baseline conditions, make predictions, and
track changes for some of these objectives. These will include pre- and post-construction photo
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documentation of visual impacts, surveys of abutters and other stakeholders to solicit opinions about
project changes, and tracking stakeholder input from the public and officials (town, NPS, and other)
regarding these project impacts.

Fundamental Objective 4: Maximize Ecosystem Services
Ecosystem services are the ecological and socioeconomic benefits of the Herring River project that
are accrued to people. Similar to the previous discussion of potential adverse impacts (refer to the
“Fundamental Objective 3: Minimize Adverse Impacts” in “Section 1: Setup Phase”) modeling and
monitoring for ecosystem services spans both ecological and socioeconomic variables.
Hydrologic/hydraulic and water quality modeling information will be integrated with real time
monitoring data to predict expected changes, and document actual changes to the quality and
quantity of recreational shellfish habitat. Predictions and observations of salinity, aquatic habitat
changes, and occurrences of estuarine fish species, will be used to assess the condition of mosquito
breeding habitat in addition to hydrologic/hydraulic modeling and data collection. Emissions and
sequestration of GHG (i.e., carbon dioxide and methane) are being quantified to assess the extent to
which salt marsh restoration (known as Blue Carbon) could reduce the emission of GHG. GHG are
being monitored directly and modeled by a team of investigators affiliated with the Bringing
Wetlands to Market project sponsored by the Waquoit Bay National Estuarine Research Reserve
(http://www.waquoitbayreserve.org/research-monitoring/salt-marsh-carbon-project/resources/).
Changes to ecosystem services related to recreational use of the Herring River project area, including
canoeing and kayaking, fishing, and hiking, will be projected and monitored using pre- and postconstruction user surveys and observations of usage at key access points.

Fundamental Objective 5: Minimize Costs
As a project funded primarily by public sources, minimizing the costs of the Herring River project is
a critical objective. Costs include direct construction costs and the financial, human, and
administrative resources required for monitoring, project oversight, maintenance, and
implementation of the adaptive management plan. Consideration of the costs may affect the timing
and pace of restoring tidal flow to the estuary and the governmental and non-governmental
commitments necessary to provide long-term oversight and mitigation for unavoidable impacts. Cost
of secondary actions will also affect the ability to increase the rate of restoration by more active
means than simply waiting for it to occur naturally by restoring the tidal exchange.
A “model” for predicting costs is currently being developed as cost estimates for construction
elements and budget projections for future personnel and other project needs are being prepared by
HRRC and FHR. Anticipated costs will be a consideration and will be assessed with all of the other
objectives as alternative actions are evaluated. As with the other ecological and socioeconomic
models previously discussed, preliminary cost estimates and projections will be refined and
improved as budget requests are submitted and actual work programs are funded, contracted, and
completed.

ITERATING THE ADAPTIVE MANAGEMENT PLAN
Adaptive management is frequently characterized as a two-phase learning process (see figure 6). This
sequence was partially described in the “Introduction” section. The setup phase comprises the top of
the illustration, including the steps described here by the PrOACT model. The iterative phase is
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represented in the bottom part of the diagram, where models predict results, actions are
recommended and taken, results are monitored, monitoring data is integrated to improve models,
improved models are used inform future actions, with the process being repeated as needed. The
“double-loop” involves exiting the iterative phase and revisiting some or all elements of the setup
phase by seeking new input from stakeholders, restating the problem, and potentially modifying
objectives, available actions, predicted consequences, and/or trade-offs based on learning gained
from the initial set of actions and outcomes. There may also be other triggers that prompt the
“double-loop,” where components of the setup phase are revisited. As discussed previously, these
triggers will be explicitly specified in the final adaptive management plan.
The Herring River project is in the early stages of adaptive management planning, and is currently
working through the setup phase and is still developing models and monitoring plans for many
objectives. Thus it is difficult to anticipate how the iteration within adaptive management plan or
double loop learning would occur. It is likely, however, that the initial steps of tidal restoration will
provide extensive new data which would allow for recalibration and validation of existing models,
refinement of models, and development of new models. These recalibrated and/or new models will
be used to make updated predictions regarding the consequences of the alternative actions, which in
turn will prompt an updated trade-off analysis, and which could potentially lead to the
recommendation of a different alternative management strategy. In addition to recalibrated or
updated predictive models, working through the early steps of implementing tidal restoration will
result in a much clearer understanding of the interactions and relationships between tide gate
configuration, tidal hydrology and hydraulics, response of the ecosystem, and impacts to sensitive
areas and structures. This new information can also be used to update the initial predicted
consequences. Information that results from project implementation will generate new input from
stakeholders and may bring about the need to reexamine objectives, actions, and other components
identified in the setup phase (this is the double-loop learning process). As the adaptive management
plan is developed and the administrative and management protocols are established for the project,
communication, flexibility, responsiveness, acceptance to modifying ideas and assumptions, will be a
critical to the success of the Herring River Restoration Project.
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Note: Two-phase learning in adaptive management. Technical learning involves an iterative sequence of
decision making, monitoring, and assessment. Process and institutional learning involves periodic
reconsideration of the adaptive management set-up elements.

FIGURE 6: DOUBLE-LOOP MODEL FOR ADAPTIVE MANAGEMENT
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CONCLUSION
This summary of the Herring River adaptive management planning process is intended to provide a
broad overview of how the project intends to use the ideas and methods of SDM and adaptive
management as the project advances from the NEPA/MEPA compliance phase, through final design,
permitting, fund-raising, construction, and, ultimately, restoration and monitoring the consequences
of tidal exchange throughout the flood plain. The information used to develop the adaptive
management strategy represents work undertaken by the HRRC, FHR, environmental and
engineering advisors and consultants, and a team of SDM and decision-analysis experts from USGS
from 2012 through 2015. The viewpoints and concerns of local and regional stakeholders, project
team members, and municipal, state, and federal resource agencies were solicited through formal
means -- including public forums, agency committee meetings, written comments submitted to the
towns and NPS, through the NEPA/MEPA process -- and informally through ad hoc group
discussions, personal communications, and general outreach for the project conducted primarily by
FHR. This feedback is reflected in the objectives described here and will be carried forward, and
modified as needed, through the adaptive management process as the setup and iterative phases
move forward.
During 2016, the USGS will continue to work closely with the HRRC to further develop the elements
discussed in the setup phase, including a suite of alternative management strategies which can be
assessed and evaluated against all of the objectives through the use of consequence tables and the
trade-off analyses. This work will include additional collaboration with technical experts to generate
and extract the information from models and other predictive tools that are needed for analyzing
and comparing outcomes. Budgets and funding requests are currently being prepared to support
additional hydrodynamic and ecosystem modeling and to develop and implement the monitoring
plan discussed in the section “Fundamental Objective 5: Minimize Costs.”
With completion of the NEPA/MEPA process and issuance of a Record of Decision from the NPS
and a Certificate from the Massachusetts Secretary of Energy and Environment, Cape Cod National
Seashore and towns will establish the HREC and a new HRRC. A key next step will be to request the
establishment of the proposed ROG (described further in the “Adaptive Management and
Permitting” section), which will be needed in order to provide guidance and feedback on how the
adaptive management plan is integrated with the various regulatory processes as the plan is
formulated. Prompt establishment of the proposed science team and stakeholder group is similarly
important in order for all technical perspectives and viewpoints of the public to be represented in the
adaptive management plan.
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APPENDIX D: APPLICABLE LAWS, POLICIES, AND
REGULATIONS
NPS ORGANIC ACT
The 1916 NPS Organic Act (16 USC § 1) commits the NPS to making informed decisions that
perpetuate the conservation and protection of park resources unimpaired for the benefit and
enjoyment of future generations. In the Organic Act, Congress directed the U.S. Department of the
Interior and the NPS to manage units of the national park system “to conserve the scenery and the
natural and historic objects and wildlife therein and to provide for the enjoyment of the same in such
a manner and by such a means as will leave them unimpaired for the enjoyment of future
generations” (16 USC § 1). Congress reiterated this mandate in the Redwood National Park
Expansion Act of 1978 by stating that NPS must conduct its actions in a manner that will ensure no
“derogation of the values and purposes for which these various areas have been established, except
as may have been or shall be directly and specifically provided by Congress” (16 USC § 1a-1).
While some actions and activities cause impacts, the NPS cannot allow an adverse impact that
constitutes resource impairment (NPS 2006, sec. 1.4.3). The Organic Act prohibits actions that
permanently impair park resources unless a law directly and specifically allows for the action (16
USC § 1a-1). An action constitutes an impairment when its impacts “harm the integrity of park
resources or values, including the opportunities that otherwise would be present for the enjoyment
of those resources or values” (NPS 2006, sec. 1.4.5). To determine impairment, the NPS must
evaluate “the particular resources and values that would be affected; the severity, duration, and
timing of the impact; the direct and indirect effects of the impact; and the cumulative effects of the
impact in question and other impacts” (NPS 2006, sec. 1.4.5). Therefore, this EIS/EIR analyzes the
context, duration, and intensity of impacts related to restoration activities within the Herring River
estuary and the Seashore as well as the potential for resource impairment as required by Director’s
Order 12 (NPS 2001).

NPS MANAGEMENT POLICIES 2006
The introduction to “Chapter 4, Natural Resources Management” of NPS Management Policies 2006
states that parks “will strive to understand, maintain, restore, and protect the inherent integrity of the
natural resources, processes, systems, and values of the parks” and that the NPS “manages the
natural resources of parks to maintain them in an unimpaired condition for present and future
generations” (NPS 2006).
The NPS Management Policies 2006 acknowledge that park units are parts of much larger ecosystems
and that parks can contribute to the conservation of regional biodiversity (NPS 2006). Conversely,
many parks cannot meet their natural resource preservation goals without the assistance and
collaboration of neighboring landowners and resources to achieve ecosystem stability and other
resource management objectives. Therefore, section 4.1.4 of the NPS Management Policies 2006
states that the agency will pursue cooperative conservation with other agencies, Indian tribes, other
traditionally associated people, and private landowners in accordance with Executive Order 13352
(Facilitation of Cooperative Conservation).
Section 4.1.5 (Restoration of Natural Systems) of the NPS Management Policies 2006 states that the
NPS will seek to return areas impacted by human disturbances “to the natural conditions and
processes characteristic of the ecological zone in which the damaged resources are situated” and that
impacts on natural systems resulting from human disturbances include among other things “changes
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to hydrologic patterns and sediment transport…and the disruption of natural processes” (NPS
2006).
Other sections of the NPS Management Policies 2006 most relevant to this restoration plan/EIS/EIR
include Section 4.4.1, General Principles for Managing Biological Resources; Section 4.4.2,
Management of Native Plants and Animals; Section 4.4.2.2, Restoration of Native plant and Animal
Species; Section 4.4.2.3, Management of Threatened and Endangered Plants and Animals; Section
4.4.2.4, Management of Natural Landscapes; Section 4.4.4, Management of Exotic Species; Section
4.6.3, Water Quality; Section 4.6.4, Floodplains; Section 4.6.5, Wetlands; Section 4.6.6, Watershed
and Stream Processes; and Section 8.2, Visitor Use.

DIRECTOR’S ORDER 12: CONSERVATION PLANNING, ENVIRONMENTAL IMPACT
ANALYSIS, AND DECISION MAKING AND HANDBOOK
NPS Director’s Order 12 and its accompanying handbook (NPS 2001) lay the groundwork for how
the NPS complies with NEPA. Director’s Order 12 and the handbook set forth a planning process
for incorporating scientific and technical information and establishing a solid administrative record
for NPS projects.
NPS Director’s Order 12 requires that impacts to park resources be analyzed in terms of their
context, duration, and intensity. It is crucial for the public and decision-makers to understand the
implications of those impacts in the short term and long term, cumulatively, and within context,
based on an understanding and interpretation by resource professionals and specialists. Director’s
Order 12 also requires an analysis of impairment to park resources and values as part of the NEPA
document.

DIRECTOR’S ORDER 77: NATURAL RESOURCE PROTECTION
Director’s Order 77 addresses natural resource protection with specific guidance provided in
Reference Manual 77: Natural Resource management. This director’s order includes Director’s
Order 77-1: Wetland Protection and Director’s Order 77-2: Floodplain Management, both of which
were considered during the development of this draft EIS/EIR.

DIRECTOR’S ORDER 28: CULTURAL RESOURCE MANAGEMENT
This director’s order sets forth the guidelines for management of cultural resources, including
cultural landscapes, archeological resources, historic and prehistoric structures, museum objects,
and ethnographic resources. This order calls for the NPS to protect and manage cultural resources in
its custody through effective research, planning, and stewardship in accordance with the policies and
principals contained in the NPS Management Policies 2006.

OTHER FEDERAL LEGISLATION, EXECUTIVE ORDERS, COMPLIANCE, AND NPS
POLICY
National Environmental Policy Act, 1969, as Amended (NEPA)
NEPA is implemented through regulations of the Council on Environmental Quality (40 CFR 15001508) (CEQ). The NPS has in turn adopted procedures to comply with the act and the CEQ
regulations, as found in Director’s Order 12: Conservation Planning, Environmental Impact Analysis,
and Decision Making and its accompanying handbook (NPS 2001). Section 102(2) (c) of this act
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requires an EIS for proposed major federal actions that may significantly affect the quality of the
human environment.

National Parks Omnibus Management Act of 1998
The National Parks Omnibus Management Act of 1998 (16 USC 5901 et seq.) underscores NEPA in
that both are fundamental to NPS park management decisions. Both acts provide direction for
articulating and connecting the ultimate resource management decision to the analysis of impacts
using appropriate technical and scientific information. Both also recognize that such data may not be
readily available and provide options for resource impact analysis in this case.
National Parks Omnibus Management Act of 1998 directs the NPS to obtain scientific and technical
information for analysis. The NPS handbook for Director’s Order 12 states that if “such information
cannot be obtained due to excessive cost or technical impossibility, the proposed alternative for
decision will be modified to eliminate the action causing the unknown or uncertain impact or other
alternatives will be selected” (NPS 2001).

Redwood National Park Act of 1978, as Amended
Reasserting the system-wide standard of protection Congress established in the original Organic Act,
the Redwood Amendment states:
The authorization of activities shall be construed and the protection, management,
and administration of these areas shall be conducted in light of the high public value
and integrity of the National Park System and shall not be exercised in derogation of
the values and purposes for which these various areas have been established, except
as may have been or shall be directly and specifically provided by Congress (P.L. 95250, USC Sec 1a-1).
Congress intended the language of the Redwood Amendment to the General Authorities Act to
reiterate the provisions of the Organic Act, not to create a substantively different management
standard. The House committee report described the Redwood Amendment as a “declaration by
Congress” and that the promotion and regulation of the national park system is to be consistent with
the Organic Act. The Senate committee report stated that under the Redwood Amendment, “[t]he
Secretary has an absolute duty, which is not to be compromised, to fulfill the mandate of the 1916
Act to take whatever actions and seek whatever relief as will safeguard the units of the national park
system.” Although the Organic Act and the General Authorities Act, as amended by the Redwood
Amendment, use different wording (“unimpaired” and “derogation”) to describe what the NPS must
avoid, both acts define a single standard for the management of the national park system, not two
different standards. For simplicity, NPS Management Policies 2006 uses “impairment,” not both
statutory phrases, to refer to that single standard.

Endangered Species Act of 1973, as Amended
This act requires all federal agencies to consult with the Secretary of the Interior on all projects and
proposals with the potential to impact federally endangered or threatened plants and animals. It also
requires federal agencies to use their authorities in furtherance of the purposes of the Endangered
Species Act by carrying out programs for the conservation of endangered and threatened species.
Federal agencies are also responsible for ensuring that any action authorized, funded, or carried out
by the agency is not likely to jeopardize the continued existence of any endangered species or
threatened species or result in the destruction or adverse modification of designated critical habitat.
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Migratory Bird Treaty Act of 1918
The Migratory Bird Treaty Act implements various treaties and conventions between the United
States and Canada, Japan, Mexico, and the former Soviet Union for the protection of migratory
birds. Under this act, it is prohibited, unless permitted by regulations, to “pursue, hunt, take, capture,
kill, attempt to take, capture, or kill, possess, offer for sale, sell, offer to purchase, purchase, deliver
for shipment, ship, cause to be shipped, deliver for transportation, transport, cause to be
transported, carry, or cause to be carried by any means whatever, receive for shipment,
transportation or carriage, or export at any time or in any manner, any migratory bird included in the
terms of this Convention…for the protection of migratory birds…or any part, nest, or egg of any
such bird” (16 USC 703). Subject to limitations in the Act, the Secretary of the Interior may adopt
regulations determining the extent to which, if at all, hunting, taking, capturing, killing, possessing,
selling, purchasing, shipping, transporting, or exporting of any migratory bird, part, nest, or egg will
be allowed, having regard for temperature zones, distribution, abundance, economic value, breeding
habits, and migratory flight patterns.

Code of Federal Regulations, Title 36 (1992)
Title 36, Chapter 1, provides the regulations “for the proper use, management, government, and
protection of persons, property, and natural and cultural resources within areas under the
jurisdiction of the National Park Service” (16 USC 3).

National Historic Preservation Act of 1966, as Amended
The National Historic Preservation Act (NHPA), as amended, is the principal legislative authority for
managing cultural resources associated with NPS projects. Generally, Section 106 of the NHPA, as
amended, and as implemented in 36 CFR 800, requires all federal agencies to consider the effects of
their actions on cultural resources listed and/or determined eligible for listing in the National
Register. Such resources are also termed “historic properties.”
Moreover, the federal agency must afford the Advisory Council on Historic Preservation (ACHP)
the opportunity to comment in the event that an undertaking will have an adverse effect on a cultural
resource that is eligible for or listed in the National Register, and must consult with the State Historic
Preservation Officer (SHPO) and other interested parties in an effort to avoid, minimize, or mitigate
adverse effects.
Eligibility for the National Register is established according to the official Criteria of Evaluation (36
CFR 60.4) issued by the Department of the Interior. The criteria relate to the following:
The quality of significance in American history, architecture, archeology,
engineering, and culture present in districts, sites, buildings, structures, and objects
that possess integrity of location, design, setting, materials, workmanship, feeling,
and association and:
(a) That are associated with events that have made a significant contribution to the
broad patterns of our history; or
(b) That are associated with the lives of persons significant in our past; or
(c) That embody the distinctive characteristics of a type, period, or method of
construction, or that represent the work of a master, or that possess high artistic
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values, or that represent a significant and distinguishable entity whose
components may lack individual distinction; or
(d) That has yielded, or may be likely to yield, information important in prehistory or
history.
A historic property can be considered significant under one or more of the criteria.
Other important laws and regulations designed to protect cultural resources are listed below:


Native American Graves Protection and Repatriation Act, 1990



American Indian Religious Freedom Act, 1978



National Environmental Policy Act, 1969



Archeological Resources Protection Act, 1979



Protection of Historic Properties (36 CFR 800), as amended 2004



Executive Order 11593: Protection and Enhancement of the Cultural Environment, 1971



Executive Order 13007: Indian Sacred Sites, 1996

Historic Sites Act of 1935
This act declares as national policy the preservation for public use of historic sites, buildings, objects,
and properties of national significance. It authorizes the Secretary of the Interior and the NPS to
restore, reconstruct, rehabilitate, preserve, and maintain historic or prehistoric sites, buildings,
objects, and properties of national historical or archaeological significance.

Marine Mammal Protection Act, 1972
The Marine Mammal Protection Act prohibits, with certain exceptions, the taking of marine
mammals in United States waters and by United States citizens on the high seas and the importation
of marine mammals and marine mammal products into the United States. The act defines “take” as
“to harass, capture, kill, or attempt to harass, hunt, capture, or kill any marine mammal.” It defines
harassment as “any act or pursuits, torment or annoyance which has the potential to injure a marine
mammal or marine mammal stock in the wild; or has the potential to disturb a marine mammal or
marine mammal stock in the wild by causing disruption of behavioral patterns, including but not
limited to, migration, breathing, nursing, breeding, feeding, or sheltering.” This act recognizes that
some marine mammal species or stocks may be in danger of extinction or depletion as a result of
human activities and that these species or stocks must not be permitted to be depleted. The act, as
amended in 1994, provides for certain exceptions to the take prohibitions, such as for Alaska Native
subsistence and permits and authorizations for scientific research; a program to authorize and
control the taking of marine mammals incidental to commercial fishing operations; preparation of
stock assessments for all marine mammal stocks in waters under United States jurisdiction; and
studies of pinniped (fin-footed mammals)-fishery interactions.

Magnuson-Stevens Fishery Management and Conservation Act of 1976
The Magnuson-Stevens Fishery Management and Conservation Act was established to promote
conservation of marine fishery (shellfish and finfish) resources and included the establishment of
eight regional fishery management councils that develop fishery management plans to properly
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manage fishery resources within their jurisdictional waters. The 1986 and 1996 amendments to the
Act recognized that many fisheries depend on nearshore and estuarine habitats for at least part of
their lifecycles and included evaluation of habitat loss and protection of critical habitat. The marine
environments important to marine fisheries, referred to as essential fish habitats (EFH), are defined
to include “those waters and substrates necessary to fish for spawning, breeding, feeding, or growth
to maturity.” The Act further mandates that National Marine Fisheries Service (NMFS) coordinate
with other federal agencies to avoid, minimize, or otherwise offset adverse effects on EFH that could
result from proposed activities. To delineate EFH, regional fishery management councils mapped
coastal waters and superimposed ten minute by ten minute (10ƍ × 10ƍ) square coordinate grids. The
Cape Cod Bay grid contains Wellfleet Harbor and the Herring River within.

Coastal Zone Management Act 1972, as Amended
The Coastal Zone Management Act (CZMA) (16 USC 1451 et seq.) seeks to preserve and protect
coastal resources. Through the CZMA, states are encouraged to develop coastal zone management
programs (CZMPs) to allow economic growth that is compatible with the protection of natural
resources, the reduction of coastal hazards, the improvement of water quality, and sensible coastal
development. The CZMA provides financial and technical incentives for coastal states to manage
their coastal zones in a manner consistent with CZMA standards and goals. CZMA Section 307
requires that federal agency activities that affect any land or water use or natural resource of the
coastal zone must be consistent to the maximum extent practicable with the enforceable policies of
the state CZMP. Federal agencies and applicants for federal approvals must consult with state
CZMPs and must provide the CZMP with a determination or certification that the activity is
consistent with the CZMP’s enforceable policies, where those policies will have a possible effect on
state coastal resources, as the CZMP and local land use plans define them.

Clean Water Act of 1972, as Amended
The Clean Water Act (CWA) is a comprehensive statute aimed at restoring and maintaining the
chemical, physical, and biological integrity of the nation's waters. The U.S. Army Corps of Engineers
(USACE) administers section 404 of this Act and regulates discharge of dredged and fill material to
waters of the United States, including wetlands under federal jurisdiction. The CWA also requires
the establishment of state water quality standards for surface waters, as well as federal water quality
standards, and the development of guidelines to identify and evaluate the extent of nonpoint source
pollution. Section 401 of the Act – Water Quality Certification – gives states the authority to review
projects that must obtain federal licenses or permits and that result in a discharge to state waters. The
purpose of the Water Quality Certification is to ensure that a project will comply with state water
quality standards and other appropriate requirements of state law, and it is required for any project
that also requires a USACE Section 404 wetland permit.

Section 10 of the Rivers and Harbors Act of 1899
The USACE New England District administers Section 10, which is required for all work including
work seaward of the mean high water line in navigable waters of the United States. Given the nature
and extent of the restoration project, it is most likely that the general permit, a consolidation of all
USACE permits, would not suffice, and applications for individual permits would be necessary.
Under this latter review process, applications are submitted to the USACE, which in turn issues a
Public Notice and initiates a comment period. The USACE evaluates comments, public interest
criteria, and compliance with the federal CWA, and issues a permit, as deemed appropriate.
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Executive Order 11990: Protection of Wetlands
This executive order directs federal agencies to avoid, to the extent possible, the long-term and
short-term adverse impacts associated with the destruction or modification of wetlands, and to avoid
direct or indirect support of new construction in wetlands wherever there is a practicable alternative.

Executive Order 11988: Floodplain Management
This executive order directs federal agencies to avoid, to the extent possible, the long-term and
short-term adverse impacts associated with the occupancy and modification of flood plains and to
avoid direct or indirect support of flood plain development wherever there is a practicable
alternative.

Executive Order 13112: Invasive Species
This executive order defines an invasive species as “an alien species whose introduction does or is
likely to cause economic or environmental harm or harm to human health.” and is intended to
prevent the introduction of invasive species and provide for their control and to minimize the
economic, ecological, and human health impacts that invasive species cause. By this executive order,
federal agencies are directed to expand and coordinate their efforts to combat the introduction and
spread of plants and animals not native to the United States.

Executive Order 11593: Protection and Enhancement of the Cultural Environment
This executive order directs federal agencies to support the preservation of cultural properties and
to identify and nominate to the NRHP cultural properties in the park and to “exercise caution… to
assure that any NPS-owned property that might qualify for nomination is not inadvertently
transferred, sold, demolished, or substantially altered.”

Executive Order 13186: Responsibilities of Federal Agencies to Protect Migratory
Birds
Migratory birds are of great ecological and economic value to this country and to other countries.
They contribute to biological diversity and bring tremendous enjoyment to millions of people who
study, watch, feed, or hunt these birds throughout the United States and other countries. The United
States has recognized the critical importance of this shared resource by ratifying international,
bilateral conventions for the conservation of migratory birds. Such conventions include the
Convention for the Protection of Migratory Birds with Great Britain on behalf of Canada 1916, the
Convention for the Protection of Migratory Birds and Game Mammals-Mexico 1936, the
Convention for the Protection of Birds and Their Environment-Japan 1972, and the Convention for
the Conservation of Migratory Birds and Their Environment-Union of Soviet Socialist Republics
1978. These migratory bird conventions impose substantive obligations on the United States for the
conservation of migratory birds and their habitats, and through the Migratory Bird Treaty Act, the
United States has implemented these migratory bird conventions with respect to the United States.
This executive order directs executive departments and agencies to take certain actions to further
implement the Migratory Bird Treaty Act.
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STATE AND LOCAL LAWS, POLICIES, REGULATIONS, AND PLANS
Massachusetts Environmental Policy Act
The Massachusetts Environmental Policy Act (MEPA) is the state equivalent of NEPA. MEPA
provides meaningful opportunities for public review of the potential environmental impacts of
projects for which state agency action is required and assists each agency in using—in addition to
applying any other applicable statutory and regulatory standards and requirements—all feasible
means to avoid damage to the environment or, to the extent damage to the environment cannot be
avoided, to minimize and mitigate damage to the environment to the maximum extent practicable.
MEPA considers projects that may meet or exceed review thresholds for various resource categories
found in 301 CMR 11.00. For this project, those categories include land, rare species, wetlands,
waterways, and tidelands, water supply, transportation, and historic and archaeological resources.
The project area is located in the Wellfleet Harbor Area of Critical Environmental Concern (ACEC).
While restoration of the Herring River would help to achieve the goal of preserving, restoring, and
enhancing the resources in the ACEC (301 CMR 12.12), it will have to be carried out in a manner that
minimizes adverse effects on marine and aquatic productivity, surface and groundwater quality,
habitat values, storm damage prevention or flood control, historic and archaeological resources,
scenic and recreational resources, and other natural resource values of the area.
Because the restoration plan also includes state funding and other state permits, it is subject to
MEPA.

Massachusetts Waterways Licensing Program (M.G.L. c.91)
The Massachusetts Waterways Licensing Program (Chapter 91) is the Commonwealth’s primary tool
for protection and promotion of public use of its tidelands and other waterways. The
Commonwealth formally established the program in 1866, but the philosophy behind Chapter 91
dates back to the earliest days of the Massachusetts Bay Colony, most notably in the Colonial
Ordinances of 1641–1647. The Colonial Ordinances codified the “public trust doctrine,” a legal
principle that dates back nearly 2000 years which holds that the air, the sea, and the shore belong not
to any one person, but rather to the public at large. The oldest program of its kind in the nation,
Chapter 91 regulates activities on both coastal and inland waterways, including construction,
dredging, and filling in tidelands, great ponds, and certain rivers and streams. The restoration plan
would undergo a Chapter 91 review due to new structures (culverts) over tidelands and
modifications to previously licensed or unlicensed structures.

Massachusetts Endangered Species Act (M.G.L. c. 131A)
The Massachusetts Endangered Species Act (M.G.L c.131A and regulations 321 CMR 10.00) (MESA)
protect rare species and their habitats by prohibiting the “taking” of any plant or animal species listed
as endangered, threatened, or species of concern by the Massachusetts Division of Fisheries and
Wildlife. Taking includes the harassing, killing, trapping, collecting of species as well as the
disruption of nesting, breeding, feeding, or migratory activity, including habitat modification or
destruction. Three types of filings under MESA are coordinated through the Natural Heritage and
Endangered Species Program at the Division of Fisheries and Wildlife: (1) MESA Information
Request for rare species information; (2) MESA Project Review; and (3) the Conservation and
Management Permit Application. Projects resulting in a “take” of state-listed rare species may be
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eligible for a Conservation and Management Permit (321 CMR 10.23). A Rare Species Habitat
assessment or survey may be required as part of the Conservation and Management Permit process.

Cape Cod Commission – Development of Regional Impact
An Act of the Massachusetts General Court in 1990 created the Cape Cod Commission (CCC). The
Commission reviews projects that present regional issues identified in the Act, including water
quality, traffic flow, historic values, affordable housing, open space, natural resources, and economic
development.
The law requires a Development of Regional Impact (DRI) review if a project exceeds a specific
threshold. Examples of projects that need to go through mandatory DRI review by the CCC are
those involving:


subdivisions of 30 acres or more



development of 30 or more residential lots or dwelling units



development of 10 or more business, office, or industrial lots



commercial development or change of use for buildings greater than 10,000 square feet



transportation facilities for passage to or from Barnstable County



demolition or major changes to some national- or state-recognized historic structures



bridge, ramp, or road construction providing access to several types of water bodies and
wetlands



new construction or change of use involving outdoor commercial space greater than 40,000
square feet



construction of any wireless communication tower exceeding 35 feet in height



site alterations or site disturbance greater than 2 acres without a valid local permit



mixed use residential and non-residential developments with a floor area greater than 20,000
square feet

Projects that do not meet a threshold but are forwarded to the CCC from the town in which they are
located also require a DRI review. The Commission must first vote to accept this type of referral as a
development that has regional impacts. The Herring River Restoration Project would meet the
threshold for a DRI review because an EIR is required by MEPA.

Massachusetts Historical Commission
The Massachusetts Historical Commission (MHC) must review any projects that require funding,
licenses, or permits from any state agency in compliance with Massachusetts General Laws (MGL)
Chapter 9, sections 26–27C. This law creates the MHC, the office of the State Archaeologist, and the
State Register of Historic Places among other historic preservation programs. It provides for MHC
review of state projects, State Archaeologist’s Permits, the protection of archaeological sites on
public land from unauthorized digging, and the protection of unmarked burials. These regulations
set up a process that mirrors the federal Section 106 regulations, which include identification of
historic properties; assessment of effect; and consultation among interested parties to avoid,
minimize, or mitigate any adverse effects.
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Massachusetts Wetland Protection Act and Rivers Protection Act
The Wetlands Protection Act (MGL Chapter 131, Section 40) protects wetlands and the public
interests they serve, including flood control, prevention of pollution and storm damage, and
protection of public and private water supplies, groundwater supply, fisheries, land containing
shellfish, and wildlife habitat. These public interests are protected by requiring a careful review of
proposed work that may alter wetlands. The law protects not only wetlands, but other resource
areas, such as land subject to flooding (100-year flood plains), the riverfront area (added by the
Rivers Protection Act), and land under water bodies, waterways, salt ponds, fish runs, and the ocean.
These regulations set forth a public review and decision-making process by which activities affecting
areas subject to protection under the law are to be regulated in order to contribute to the following
public interests and values:


protection of public and private water supply



protection of ground water quality and supply



flood control



erosion and sedimentation control



storm damage prevention



prevention of pollution



protection of land containing shellfish



protection of fisheries



protection of wildlife habitat

Wellfleet Environmental Protection Bylaw
At the local level, the community's conservation commission administers the Wetlands Protection
Act. The Wellfleet Conservation Commission promulgated the Wellfleet Environmental Protection
Regulations pursuant to the authority granted under the Wellfleet Environmental Protection Bylaw
as approved on April 28, 1986 at a town meeting. In addition to the regulations required by the
Wetlands Protection Act, these regulations set forth a public review and decision-making process by
which activities affecting areas subject to protection under the bylaw are to be regulated in order to
contribute to public interests and values.
The bylaw and regulations subject the following Wetland Resource Areas to protection under:


any freshwater wetland, inland bank, coastal wetland, coastal bank, beach, dune, flat, marsh,
wet meadow, bog, or swamp



any estuary, creek, river, stream, pond, lake, and lands under these bodies of water; land
under the ocean



land subject to tidal action, land subject to coastal storm flowage, bordering land subject to
flooding, and isolated land subject to flooding



all land within 100 feet (200 feet for rivers, streams, and fresh creeks) of any freshwater
wetland, inland bank, coastal wetland, coastal bank, beach, dune, flat, marsh, wet meadow,
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bog, swamp, estuary, creek, river, stream, pond, lake, lands under these bodies of water, and
land under the ocean

Massachusetts Water Quality Certification
The MassDEP’s Division of Wetlands and Waterways is responsible for ensuring clean air and water
within the Commonwealth of Massachusetts. MassDEP administers regulations relating to the
discharge of dredged or fill material, dredging, and dredged material disposal activities in waters of
the United States within the state that require federal licenses or permits and that are subject to state
water quality certification under 33 USC 1251, et seq. For work in USACE jurisdiction involving a
discharge to waters of the United States, MassDEP must provide or waive certification before work
can proceed. This permit represents the state’s assurance that land disturbing activities will not
adversely affect water quality. The Section 401 review ensures that a proposed dredge and/or fill
project that can result in the discharge of pollutants complies with Massachusetts Surface Water
Quality Standards, the Massachusetts Wetlands Protection Act, and otherwise avoids or minimizes
individual and cumulative impacts to Massachusetts waters and wetlands.

Coastal Zone Management Act Consistency Review
Massachusetts CZMP administers the Federal Consistency Review under the federal CZM Act of
1972, which ensures that any federal activities in or affecting Massachusetts coastal resources are
consistent with state coastal policies. CZM’s mission is to balance the impacts of human activity with
the protection of coastal and marine resources. Massachusetts CZM was specifically established to
work with other state agencies, federal agencies, local governments, and the general public to
promote sound management of the Massachusetts coast. The Massachusetts CZM is not a
permitting agency; however, it does have the authority to review federal activities in the
Massachusetts coastal zone to ensure that they are consistent with CZM program policies. Because
this restoration project is a federal undertaking, CZM must approve the action before the action can
take place.

Final Environmental Impact Statement / Environmental Impact Report
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APPENDIX E: BIRDS OF THE HERRING RIVER AREA
Common Name

Scientific Name

American Black Duck

Anas rubripes

American Crow

Corvus brachyrhynchos

American Goldfinch

Carduelis tristis

American Green-Winged Teal

Anas c. carolinensis

American Redstart

Setophaga ruticilla

American Robin

Turdus migratorius

American Wigeon

Anas americana

American Woodcock

Scolopax minor

Atlantic Brant

Branta b. bernicla

Baltimore Oriole

Icterus galbula

Bank Swallow

Riparia riparia

Barn Swallow

Hirundo rustica

Belted Kingfisher

Megaceryle alcyon

Black-And-White Warbler

Mniotilta varia

Black-Bellied Plover

Pluvialis squatarola

Black-Billed Cuckoo

Coccyzus erythropthalmus

Black-Capped Chickadee

Poecile atricapillus

Black-Cheeked Warbler

Basileuterus melanogenys

Black-Crowned Night-Heron

Nycticorax nycticorax

Black-Throated Blue Warbler

Dendroica caerulescens

Blue Jay

Cyanocitta cristata

Blue-Gray Gnatcatcher

Polioptila caerulea

Blue-Headed Vireo

Vireo solitarius

Bonaparte's Gull

Chroicocephalus philadelphia

Bronzed Cowbird

Molothrus aeneus

Brown Creeper

Certhia americana

Brown Thrasher

Toxostoma rufum

Brown-Headed Cowbird

Molothrus ater

Bufflehead

Bucephala albeola

Cackling Goose

Branta hutchinsii

Carolina Wren

Thryothorus ludovicianus

Cedar Waxwing

Bombycilla cedrorum

Chimney Swift

Chaetura pelagica

Chipping Sparrow

Spizella passerina
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Common Name

Scientific Name

Common Eider

Somateria mollissima

Common Goldeneye

Bucephala clangula

Common Grackle

Quiscalus quiscula

Common Loon

Gavia immer

Common Merganser

Mergus merganser

Common Tern

Sterna hirundo

Common Yellowthroat

Geothlypis trichas

Cooper's Hawk

Accipiter cooperii

Double-Crested Cormorant

Phalacrocorax auritus

Downy Woodpecker

Picoides pubescens

Eastern Kingbird

Tyrannus tyrannus

Eastern Phoebe

Sayornis phoebe

Eastern Towhee

Pipilo erythrophthalmus

Eastern Wood-Pewee

Contopus virens

European Starling

Sturnus vulgaris

Field Sparrow

Spizella pusilla

Forster's Tern

Sterna forsteri

Golden-Crowned Kinglet

Regulus satrapa

Great Black-Backed Gull

Larus marinus

Great Blue Heron

Ardea herodias

Great Crested Flycatcher

Myiarchus crinitus

Greater Yellowlegs

Tringa melanoleuca

Green Heron

Butorides virescens

Grey Catbird

Dumetella carolinensis

Hairy Woodpecker

Picoides villosus

Hermit Thrush

Catharus guttatus

Herring Gull

Larus argentatus

Hooded Merganser

Lophodytes cucullatus

House Finch

Carpodacus mexicanus

Killdeer

Charadrius vociferus

Laughing Gull

Leucophaeus atricilla

Least Sandpiper

Calidris minutilla

Lesser Yellowlegs

Tringa flavipes

Little Blue Heron

Egretta caerulea

Mallard

Anas platyrhynchos

Merlin

Falco columbarius
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Common Name

Scientific Name

Mourning Dove

Zenaida macroura

Mute Swan

Cygnus olor

Myrtle Warbler

Dendroica c. coronata DENCCO

Nashville Warbler

Oreothlypis ruficapilla

Northern Cardinal

Cardinalis cardinalis

Northern Flicker

Colaptes auratus

Northern Gannet

Morus bassanus

Northern Harrier

Circus cyaneus

Northern Mockingbird

Mimus polyglottos

Northern Parula

Parula americana

Northern Waterthrush

Parkesia noveboracensis

Osprey

Pandion haliaetus

Ovenbird

Seiurus aurocapilla

Palm Warbler

Dendroica palmarum

Pied-Billed Grebe

Podilymbus podiceps

Pine Warbler

Dendroica pinus

Prairie Warbler

Dendroica discolor

Red-Bellied Woodpecker

Melanerpes carolinus

Red-Breasted Merganser

Mergus serrator

Red-Breasted Nuthatch

Sitta canadensis

Red-Tailed Hawk

Buteo jamaicensis

Red-Throated Loon

Gavia stellata

Red-Winged Blackbird

Agelaius phoeniceus

Ring-Billed Gull

Larus delawarensis

Ruby-Crowned Kinglet

Regulus calendula

Ruby-Throated Hummingbird

Archilochus colubris

Ruddy Turnstone

Arenaria interpres

Ruff

Philomachus pugnax

Sanderling

Calidris alba

Semipalmated Plover

Charadrius semipalmatus

Semipalmated Sandpiper

Calidris pusilla

Sharp-Shinned Hawk

Accipiter striatus

Slate-Colored Junco

Junco h. hyemalis

Song Sparrow

Melospiza melodia

Spotted Sandpiper

Actitis macularius

Swamp Sparrow

Melospiza georgiana
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Common Name

Scientific Name

Tree Swallow

Tachycineta bicolor

Tufted Titmouse

Baeolophus bicolor

Turkey Vulture

Cathartes aura

Vesper Sparrow

Pooecetes gramineus

Wedge-Rumped Storm-Petrel

Oceanodroma tethys

Whimbrel

Numenius phaeopus

White-Breasted Nuthatch

Sitta carolinensis

White-Throated Sparrow

Zonotrichia albicollis

Willet

Tringa semipalmata

Wood Thrush

Hylocichla mustelina

Yellow Warbler

Dendroica petechia

Yellow-Billed Cuckoo

Coccyzus americanus

Yellow-Shafted Flicker

Colaptes a. auratus

Kearney and Cook 2001; MassAudubon 2006; Veit and Peterson 1993.
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APPENDIX F: ESSENTIAL FISH HABITAT ASSESSMENT FOR
THE HERRING RIVER RESTORATION PROJECT
INTRODUCTION
Many aquatic habitats are critical to the productivity and sustainability of marine fisheries. The
Magnuson-Stevens Fishery Conservation and Management Act, amended by the Sustainable
Fisheries Act in 1996 (the Act), requires the National Oceanic and Atmospheric Administration
National Marine Fisheries Services (NMFS) and eight regional fishery management councils
(Councils) to protect and conserve the habitat of marine, estuarine, and anadromous finfish,
mollusks, and crustaceans. Essential Fish Habitat (EFH) is defined to include "those waters and
substrate necessary to fish for spawning, breeding, feeding, or growth to maturity." The Act requires
the Councils to describe and identify the essential habitat for the managed species, minimize to the
extent practicable adverse effects on EFH caused by fishing, and identify other actions to encourage
the conservation and enhancement of EFH. As required by the Act, federal agencies must consult
with NMFS on all actions or proposed actions authorized, funded, or undertaken that may adversely
affect EFH. In return, NMFS must provide recommendations including measures to avoid,
minimize, mitigate, or otherwise offset adverse effects on EFH resulting from the proposed actions.
The New England Fishery Management Council (NEFMC) identifies and protects EFH for all
species within the federal 200-mile limit off the coasts of Maine, New Hampshire, Massachusetts
(including the project area), Rhode Island and Connecticut.
In compliance with Section 305(b)(2) of the Magnuson-Stevens Fishery Conservation and
Management Act (1996 amendments), the Herring River Restoration Committee (HRRC) and the
National Park Service (NPS) is providing this assessment of the potential effects of restoring native
tidal wetland habitat to large portions of the Herring River flood plain in and adjacent to Cape Cod
National Seashore (the Seashore) on essential fish habitats.

PROJECT BACKGROUND
The Herring River estuary is located in the towns of Wellfleet and Truro on Cape Cod,
Massachusetts. The river, along with its flood plain, tributary streams, and associated estuarine
habitats encompasses approximately 1,100 acres, with approximately 80 percent of the river’s flood
plain located within the boundary of the Seashore (Figure 1). The river itself extends from Wellfleet
Harbor northeast for nearly 4 miles to Herring Pond in north Wellfleet. The dike at Chequessett
Neck Road separates Wellfleet Harbor from the majority of the river. The dike consists of three 6foot wide box culverts, each with an attached flow control structure. One culvert has an adjustable
sluice gate that is currently set partially open at 2 feet and allows limited bi-directional tidal flow. The
remaining two culverts have tidal flap gates, designed to permit flow only during the outgoing
(ebbing) tide. In addition to the Herring River’s upper, middle, and lower basins, the estuary is
composed of other important sub-basins including Mill Creek, Duck Harbor, Lower and Upper Pole
Dike Creek, and Lower and Upper Bound Brook (Figure 2).
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FIGURE 1. HERRING RIVER RESTORATION PROJECT AREA
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FIGURE 2. HERRING RIVER SUB-BASINS
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Since the dike at Chequessett Neck Road was constructed in 1909, the river’s wetland resources and
natural ecosystem functions have been severely altered and damaged by 100 years of tidal restriction
and salt marsh drainage. Adverse ecological effects include but are not limited to:


Lack of tidal inflow and outflow – tidal range restriction. The Chequessett Neck Road Dike
restricts the tidal range in the Herring River from more than 10 feet on the downstream,
harbor side, to about 2 feet upstream of the dike. With the tidal restriction, seawater only
reaches approximately 3,000 feet upstream of the dike. Under the original natural conditions,
seawater reached upstream beyond present-day Route 6 and supported estuarine plants and
animals throughout the flood plain.



Loss of estuarine habitat. The original Herring River estuary included about 1,100 acres of
salt marsh, intertidal flats, and open water habitats. The total estuarine habitat (sub-tidal and
intertidal habitat) now totals about 70 acres and is confined to the Lower Herring River
immediately upstream of the Chequessett Neck Road Dike.



Degradation of water quality. The elimination of salt water input to the estuary and marsh
dewatering has resulted in highly acidic waters which in the past has caused fish kills and
causes the leaching of toxic metals, further degrading the water quality. The lack of tidal
flushing has also resulted in low summertime dissolved oxygen levels.



Impediments to fish passage and river herring migration. The Chequessett Neck Road Dike
physically impedes fish passage and creates an artificially abrupt transition from seawater to
fresh river water.



Plant community changes, including loss of salt marsh vegetation and increase in non-native
invasive species. Only about seven acres of salt marsh remain in the Herring River system.
Much of the original Herring River wetlands have been converted from salt marsh to forest
and shrublands dominated by opportunistic upland species. Large portions of the original
sub-tidal and intertidal substrates between the dike and High Toss Road have been
converted to monotypic stands of common reed (Phragmites australis).



Elimination of natural sediment processes and salt marsh surface subsidence. Diking of the
river has effectively blocked the transport of inorganic sediment from reaching the salt
marshes in the Herring River basin, which along with other processes, has contributed to the
severe historic and continuing subsidence in the Herring River’s diked wetlands.

PROJECT DESCRIPTION
The proposed project is to develop and implement actions for the restoration of self-sustaining
coastal habitats in a large portion of the 1,100-acre Herring River estuary in the towns of Wellfleet
and Truro, Massachusetts. Besides the dike, there are more than five miles of roadway, an
abandoned railroad embankment, several tidally restrictive culverts and berms, channelized stream
reaches, and acres of invasive, non-native vegetation that impact the Herring River flood plain. There
are multiple options for addressing each of these issues. As a result of having multiple options to
select from, the specific impacts of the project are unknown, so impacts are addressed in more
general terms in this assessment. The major components and focus areas of the Herring River project
include:
Chequessett Neck Road Dike: Reconstruction of the dike to allow greater tidal exchange is the
primary element of the restoration project. Reconstruction of the dike would involve installing a
165-foot-wide series of culverts to allow passage of Wellfleet Harbor tides. The objective of the
project, depending on the alternative selected through the National Environmental Policy Act
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(NEPA) process, is to ultimately reach either a mean high spring tide of 4.8 feet and a 100-year storm
driven tide of 6.0 feet in the Lower Herring River or alternatively a mean high spring tide of 5.6 feet
and a 100-year storm driven tide of up to 7.5 feet. To achieve the desired tidal ranges the tide gates
would be opened gradually and according to guidelines set forth in an adaptive management plan
(see appendix A).


Mill Creek Sub-basin: This sub-basin has a number of private properties that could be subject
to flooding without protective measures. If the selected goal for the Lower Herring River
through the NEPA process is achieving a mean high spring tide of 4.8 feet, then no dike
construction at the mouth of Mill Creek would be needed, or would occur. However, if a
mean high spring tide of 5.6 feet in Lower Herring River is the goal selected, then a dike
would be constructed across the mouth of Mill Creek. The dike would either completely
eliminate tidal influence to the sub-basin, or it would allow partially restored tidal flow to the
sub-basin by using a combination tide gate at this location. In this instance, mean high water
spring tides would be limited to a maximum of 4.7 feet and 100-year storm driven events
would be limited to a maximum of 5.9 feet in Mill Creek.



High Toss Road: Complete removal of the tidal restriction at High Toss Road is another
major component of the project. The five-foot diameter circular culvert at High Toss Road
would need to be removed or enlarged to maximize tidal circulation upstream. The roadway
itself would be impacted by restored tidal exchange and could either be elevated or removed.



Upper Pole Dike Creek Sub-basin: Under certain restoration scenarios and tidal conditions,
flood protection measures might be required in Upper Pole Dike Creek sub-basin to protect
low lying properties. Any significant flood impacts will be addressed on a property-specific
basis or by restricting tide flow at Pole Dike Road with either the existing road culvert or a
tide control gate.



Pole Dike Creek, Old County, and Bound Brook Island Roads: Culverts under these lowlying roads could need to be enlarged if future monitoring shows the existing culverts are
impeding tidal flows or altering other ecological processes. Preliminary engineering analyses
show that approximately 8,000 linear feet of road surfaces would need to be elevated or
relocated to remain passable during high tides.



Management of Flood Plain Vegetation: Measures would be taken to remove woody shrubs
and trees that die during transition to a more saline and/or wetter environment. Potential
techniques include cutting, chipping, and burning.



Restoration of Tidal Channel Structure and Marsh Surface Elevation: Measures would be
taken to restore the natural configuration of tidal channels to maximize water circulation and
promote elevation of subsided marsh surfaces. Potential actions to be taken include, but are
not limited to, the following:


Dredging of accumulated sediment to establish a natural bottom of the Herring River
channel at the appropriate depth to maximize ebb tide drainage.



Creation of small channels and ditches to improve tidal circulation.



Restoring natural channel sinuosity.



Removing lateral ditch dredge spoil berms and other anthropogenic material on the
marsh surface to facilitate drainage of ponded water.



Applying thin layers of dredged material to build up subsided marsh surfaces.
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Chequessett Yacht and Country Club (CYCC): Any action that allows tidal influence to be
restored to Mill Creek under the Herring River project would allow salt water to inundate
low portions of the CYCC golf course during most high tides unless action is taken to protect
it from tidal flooding. Two options for addressing the impacts to the CYCC include elevating
affected portions of the facility by providing necessary quantities of fill, regrading, and
replanting the areas. Approximately 150,000 cubic yards of fill and 32 acres of disturbance for
grading and site preparation would be required. The other option is to relocate the affected
portions of the facility to upland locations currently owned by the CYCC. This would
involve clearing, grading, and planting of new golf holes and a practice area.

ADAPTIVE MANAGEMENT
Reintroduction of tidal influence to the Herring River estuary would be adaptively managed over a
long-term, phased process that would take several years. Gradual opening of adjustable tide gates at
the Chequessett Neck Road Dike would incrementally increase the tidal range in the river. This
would allow monitoring of the system so that unexpected and/or undesirable responses could be
detected and appropriate response actions taken. An Operations and Maintenance Plan will also be
developed to ensure that the project's habitat restoration and flood protection goals are achieved.

CONSTRUCTION METHODS AND TIMEFRAME
Standard construction methods and equipment would be used to construct the infrastructure
needed to implement the components of the restoration project and would include additional
activities such as bank excavation/stabilization, culvert replacement, vegetation clearing, dredging,
and the use of temporary fill. Earth-moving equipment, graders, cranes, dump trucks, cement trucks,
and other equipment would be operated and staged in project areas. Fill, armor stones, and other
construction materials would also be staged in preparation for use. To the extent possible, previously
disturbed areas would be used to stage equipment and materials; however, clearing of vegetation will
be needed for some of the actual construction activities. For dike construction, the sites
(Chequessett Neck Road Dike and/or Mill Creek) would be de-watered using coffer dams and
pumps, or other common methods for dike construction, though provisions would be made to
ensure that the existing level of fish passage would continue to occur during construction activities.
Preliminary engineering guidance suggests construction of the new dike at Chequessett Neck Road
Dike would be expected to take approximately 12-18 months to complete. Elevation or changes to
low-lying roads would take approximately 6-12 months to complete. At Mill Creek, if construction
of a dike is required it would take approximately 6-12 months. It is likely that individual construction
elements would be phased in over time and would not occur concurrently. Elevation construction of
some of the roads that are in the more upstream reaches of the flood plain could be delayed or
phased with the later incremental dike openings. All low-lying roads do not need to be elevated at
the start of the incremental tidal restoration.

ASSESSMENT OF IMPACTS TO ESSENTIAL FISH HABITATS
PHYSICAL ENVIRONMENT
Water Quality—Long term, the proposed action would have beneficial impacts to water quality
within the Herring River estuary. Restored tidal flushing would be expected to reduce acidification
within the mid-portion of the Herring River where salt water would again saturate drained peat and
increase the pH of porewater and surfaces waters (Portnoy and Giblin 1997). With restored
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salinities, aluminum and iron would no longer be leached from the soils to receiving waters in
concentrations that stress aquatic life. Modeling also indicates that the project would reduce the
system resident times upstream of High Toss Road by at least a factor of 25 (4,801 hours vs. 191
hours) (Woods Hole Group 2011). Regular tidal flushing of the Herring River estuary with welloxygenated water from Wellfleet Harbor is expected to maintain dissolved oxygen (DO)
concentrations above state water quality standards at all times, benefitting resident fish, diadromous
fish and invertebrates.
During the restoration process some short-term adverse impacts on water quality would be expected
to occur. Portnoy and Giblin (1997) demonstrated that renewed tidal flushing of acid sulfate soils
would allow ammonium-nitrogen to be released into receiving waters, at least in the short term.
While this would benefit growth of salt marsh vegetation in the restored marsh, if large volumes of
sea water were introduced suddenly, abundant nutrient release and sulfide production could
promote algal blooms both in the river and downstream into Wellfleet Harbor that could
temporarily reduce DO levels. The gradual reintroduction of tidal exchange through the adaptive
management process should allow ammonium-nitrogen to be slowly released; avoiding nitrogen
loading that could contribute to algal blooms in receiving waters in Herring River. Increased
concentrations of released nutrients would likely be short-lived (probably months) and not persist
beyond an initial adjustment period. Wellfleet Harbor is open to Cape Cod Bay and well flushed.
With small incremental increases in tidal exchange, informed by appropriate water quality
monitoring under adaptive management, the release of nutrients from the estuary would likely be
small and would not result in persistent algae blooms in Wellfleet Harbor.
There has likely been historical use of pesticides throughout the Herring River watershed. During
restoration, sediment is expected to be mobilized within the estuary in response to increased volume
of tidal exchange. Mobilized sediment is expected to mostly be transported upgradient onto the
marsh surface and partially downgradient toward Wellfleet Harbor. Potential impacts on the aquatic
ecosystem from chemicals bound to mobilized sediments will be assessed once background levels of
pesticides have been determined by ongoing efforts of the Seashore.
Sediment—Over 100 years of diking on the Herring River likely has resulted in extensive siltation
with the river channel. Restoring the estuary and allowing more tidal flow through the dike would
mobile these sediments within the system as suspended load and suspended fines. Modeling
indicates that coarser-grained sediment would be transported primarily as bedload along the bottom
of the tidal channels. Some of the bedload transport from areas just upstream and downstream of the
dike would be slightly seaward toward Wellfleet Harbor, whereas finer-grained suspended
sediments would be transported upstream to settle out in the upper sub-basins of the Herring River.
Very fine particles would remain in suspension and may be transported upstream into the Herring
River or downstream toward the harbor, and eventually out into Cape Cod Bay. The degree and rate
of sediment mobilization would largely be determined by the amount of tidal influence and rate of
incremental opening of the tide gates that would occur under the adaptive management process. The
tide gates would be used to manage water levels and flows minimize the potential of mobilizing and
resuspending large volumes of sediment at once and to promote deposition of sediment upstream of
the dike. An adaptive management process would be informed by appropriate monitoring,
evaluating both upstream and downstream transport and deposition of sediment during the
incremental dike opening process.
Sediment and soil could also be mobilized during the reconstruction of the Chequessett Neck Road
Dike and other construction activities (e.g., roads, construction of Mill Creek Dike, etc.), potentially
resulting in local increases in turbidity in the adjacent water bodies, causing short-term adverse
impacts on water quality. However, construction related impacts are expected to be minimal as Best
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Management Practices (BMPs) would be employed to minimize the amount of stormwater runoff, as
well as control in-water sediment disturbance. Stormwater management plans would be employed to
reduce runoff carrying sediment to the receiving waters during construction activities. BMPs would
also be put into place to minimize potential fuel or hydraulic fluid leaks from equipment. Coffer
dams would be used for in-water activities during the reconstruction of the Chequessett Neck Road
Dike as well as construction of a new Mill Creek Dike, if that alternative is selected. During the
construction of the coffer dams there would be some temporary increases in turbidity from
disturbed sediments; however, this would have a relatively short duration. Once the coffer dams are
in place, construction activities would then be conducted in “dry” conditions and would not impact
turbidity levels in the surrounding waters.
Bathymetry/Water Depth—Other impacts expected from the proposed project include changes to
the bathymetry and morphology of the Herring River. Long term, as tidal flows are restored to the
estuary and water velocities increase, erosion of the river banks and bed would be expected to occur,
increasing both the width and depth of the restored tidal channels from just below the Chequessett
Neck Road Dike upstream to the Middle Herring River and Lower Pole Dike Creek sub-basins.
Estuarine Habitat—Opening the tide gate structure at Chequessett Neck Road Dike to allow
increases in the mean spring tide would provide long-term benefits by changing the Herring River
estuary from a largely freshwater system to a largely tide-influenced system with saline water
extending much farther upstream than under current conditions. Salinity values would range from
approximately 15 to 30 parts per thousand (ppt) in the lower sub-basins (Lower Herring River, Mill
Creek under alternatives where tidal flow is restored to this sub-basin, Middle Herring River, and
Lower Pole Dike Creek), increasing the amount of estuarine habitat (sub-tidal and intertidal habitat)
from the existing 70 acres confined to the Lower Herring River basin below High Toss Road to
somewhere between approximately 790 acres to 885 acres, depending on the alternative selected
through the NEPA process. Restored habitat would also include approximately 10.6 miles to 11.5
miles, depending on the alternative, of mainstem tidal creek. This is an increase from the existing 1.4
miles of estuarine tidal creek habitat currently confined to the Lower Herring River basin below
High Toss Road.
Restored tidal flow and improved water quality would also beneficially impact three other important
habitat types: salt marsh, submerged aquatic vegetation (SAV), and intertidal mudflats. Restored
inter-tidal habitat subjected to higher salinity waters, generally 18 ppt and higher, would be expected
to transition to salt marsh, greatly increasing the amount of this habitat type within the system from
the 13 acres that currently exists in the Lower Herring River sub-basin. With the reintroduction of
tides into the Herring River estuary, the occurrence and distribution of wideon grass (Ruppia
maritime), an SAV which is currently found in the open waters of the Lower Herring River subbasin, would likely increase in coverage and biomass in high salinity areas and experience a general
migration towards brackish areas. Eelgrass (Zostera marina), another SAV, is currently not found in
the Herring River upstream of the dike, but is found in small isolated patches downstream of the dike
just north of Great Island. With the introduction of higher salinities and improved water quality,
Zostera could become re-established in the Lower Herring River sub-basin. In addition to higher
high tides, restoration would also result in lower low tides upstream of the dike, greatly increasing
the amount of intertidal mudflat habitat.

BIOLOGICAL ENVIRONMENT
Prey species—The abundance and/or distribution of prey species for fish for which EFH has been
designated may be impacted by restoration of the Herring River estuary. As estuarine habitat
increases upstream of the Chequessett Neck Road Dike so would the amount of spawning and
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nursery habitat for finfish prey species such as the mummichog (Fundulus heteroclitus), striped
killifish (Fundulus majalis), Atlantic silversides (Menidia menidia) and other common tidal salt marsh
species, as well as for macroinvertebrate species; greatly increasing their populations throughout the
Herring River estuary. Movement of finfish prey species from downstream of the dike to upstream of
the dike, and vice versa, would also be enhanced. During construction activities for the new dike(s)
(Chequessett Neck Road and/or Mill Creek) and any other infrastructure improvements such as
upstream culverts or road relocations, some short-term adverse impacts on prey species could occur
in the vicinity of the construction. Finfish and macroinvertebrate prey species could be temporarily
displaced from habitat due to construction noise and vibrations, and some mortality of sedentary
and less mobile species through burial could occur. However, most fish species are highly mobile
and would just avoid the areas. Once construction was completed, species would be expected to
readily recolonize and use the affected area. Overall, the project would have long-term benefits to
prey species and subsequently to EFH species that forage on them.
Anadromous species including alewife (Alos pseudoharengus), blueback herring (Alosa aestivalis),
hickory shad (Notemigonus chrysoleucas), and white perch (Morone Americana), along with one
catadromous species American eel (Anguilla rostrata) are found in the Herring River during spring
and fall adult and juvenile migrations. Design of the new Chequessett Neck Road Dike would benefit
all species of anadromous and catadromous fish through better fish passage. In addition to allowing
more fish to move upstream, the new tide gates would reduce the direct mortality of emigrating
juveniles and post-spawning adults. Improved water quality upstream of the High Toss Road would
decrease the mortality of juvenile and post-spawning adult river herring as well as American eels.
With increased salinity during spring high tides expanding into the upper reaches of Upper Herring
River, the creek channels leading to the headwater ponds where river herring spawn would likely
become free of the emergent and submergent freshwater aquatic plants that often choke and block
the waterway. This would benefit juvenile river herring as they emigrate from the ponds and move
down stream. The increased amount of estuarine habitat and tidal creeks would also increase the
amount of nursery habitat for juvenile fish. Increased fish passage and estuarine nursery habitat
would also increase the utilization of the Herring River estuary by white perch and hickory shad.
Though total suspended sediments (TSS) from sediment mobilized during the initial increased
flushing of the system could temporarily adversely impact adult and juvenile anadromous and
catadromous species, small, incremental openings of the tides gates under adaptive management
would help mitigate these temporary impacts. Construction of the coffer dam for construction of the
dike(s) could temporarily increase TSS, adversely impacting anadromous and catadromous species;
however, these impacts would be short-lived and coordinating with the Massachusetts Division of
Marine Fisheries (MA DMF) and NMFS to appropriately time in-water construction activities
would help to minimize any impacts. Additionally, measures would be taken to ensure the existing
level of fish passage would continue to occur during all construction activities at the dike as well as at
culverts upstream of the dike. Therefore, impacts to EFH species that prey on anadromous and
catadromous species would not be significantly adversely impacted during the short-term and
overall would experience long-term benefits from the likely increases in anadromous and
catadromous species populations resulting from the restoration of the Herring River estuary.
Shellfish also serve as prey items for EFH species. Shellfish populations upstream of the Chequessett
Neck Road Dike are very limited due to low salinity and the availability of suitable substrate. With
increased salinity ranges upstream of the Chequessett Neck Road Dike resulting from the proposed
project, oysters (Crassostrea virginica), which are rare upstream of the dike, could potentially
recolonize areas where salinity values fall within their preferred range of 10 ppt to 30 ppt, especially
if cultch is laid down. Hard clams (Mercenaria mercenaria), which are absent upstream of the dike,
would likely be able to reestablish populations in tidal creek habitat upstream of the dike within its
preferred salinity range of 15 ppt to 35 ppt. During the period in 1973 when increased salinity
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occurred upstream of the dike due to the disrepair of the dike, soft shelled clams (Mya arenaria)
occurred along an approximately 0.5-acre area of sub-tidal sandy shoreline in the Lower Herring
River sub-basin (Gaskell 1978), indicating that with restoration, the soft shelled clam would also
likely be able to expand its population upstream of the dike. Other prey species such as blue mussels
(Mytilus edulis) would also benefit and increase in population from restoration of the estuary.
With restoration, increased tidal flows would erode sediments in the existing tidal creeks upstream
and downstream of the dike, both deepening and widening them. While a large portion of these
sediments would likely be moved upstream in this flood-dominated system, some sediment would be
transported and deposited downstream of the dike and in Wellfleet Harbor. Species such as hard
clams and softshelled clams can move up and down in the sediment column and would not likely be
adversely impacted by sedimentation or erosion. While they may become temporarily buried deeper
than preferred, or exposed by erosion, they would move up or down in the sediment column to
adjust to the new substrate. Oysters, however, are sedentary and would be susceptible to burial by
excessive sedimentation. However, because of the generally finer grain size of the mobilized
sediment in Herring River as compared to the current sediment in Wellfleet Harbor, these sediment
accumulations would likely be temporary in nature. The accumulated sediment would be expected
to eventually be redistributed by currents and waves in the harbor with the finest particles either
flushed out into Cape Cod Bay, or transported into tidal estuaries surrounding the harbor. Small,
incremental openings in the tide gates through adaptive management would also minimize the
amount of sediment mobilized at once, reducing the likelihood that large amounts of sediment
would be mobilized and deposited on shellfish downstream of the dike all at once.
Shellfish would be adversely impacted by construction activities as well, though most impacts would
occur below the dike as currently few species occur upstream of the dike. During construction,
direct mortality of shellfish (oysters and hardclams) in the vicinity of the dike would occur through
burial or other in-water construction activities. However, using a coffer dam during construction, as
well as employing BMPs as part of a stormwater management plan, would reduce the amount of
sedimentation and result in only short-term adverse impacts. Consequently, no significant adverse
impacts are expected to occur within shellfish populations in the Herring River estuary or Wellfleet
Harbor, and overall, shellfish populations would see long-term benefits from the restoration of the
estuary.

ESSENTIAL FISH HABITAT SPECIES
EFH-designated species and life history stages in the proposed project area were identified based on
a list in the NOAA Guide to Essential Fish Habitat Designations in the Northeastern United States
(NOAA 2011). The guide identifies the managed species and their life stages that have EFH in
selected 10-minute by 10-minute squares of latitude and longitude (referred to as “blocks”). These
designations were completed by the NEFMC and the Mid-Atlantic Fishery Management Council.
The project area falls within Block 41507000 (Table 1 and Figure 3) and species with EFH designated
in this block are presented in Table 2. Because this block encompasses both offshore and nearshore
estuarine waters, specific habitat conditions may indicate that EFH does not exist for some of these
species or life stages within the proposed project area.
TABLE 1. TEN MINUTE SQUARE COORDINATE DESIGNATION ENCOMPASSING THE PROJECT AREA
Block Number

North

East

South

West

41507000

42° 00.0’N

70° 00.0’W

41° 50.0’N

70° 10.0’W
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FIGURE 3. NMFS 10 × 10 MINUTE BLOCKS FOR EFH DESIGNATION
TABLE 2. SPECIES W ITH IDENTIFIED EFH IN B LOCK NUMBER 4150700
Species

Scientific Name

Eggs

Larvae

Juveniles

Adults

X

X

X

X

Atlantic cod

Gadus morhua

X

X

Haddock

Melanogrammus
aeglefinus

X

X

Pollock

Pollachiius virens

Whiting

Merluccius bilinearis

X

X

Red hake

Urophycis chuss

X

White hake

Urophycis tenuis

X

X

Winter flounder

Pleuronectes americanus

Yellowtail flounder

Pleuronectes ferruginea

X

X

X

X

Windowpane flounder

Scopthalmus aquosus

American plaice

Hippoglossoides
platessoides

X

X

X

X

Ocean pout

Macrozoarces americanus

X

X

Atlantic halibut

Hippoglossus hippoglossus

X

X

X

X

Atlantic sea scallop

Placopecten magellanicus

X

X

X

X

Atlantic sea herring

Clupea harengus

X

X

X

X

Monkfish

Lophius americanus

X

X

X

Final Environmental Impact Statement / Environmental Impact Report

F-9

Appendix F: Essential Fish Habitat Assessment for the Herring River Restoration Project

Species

Scientific Name

Eggs

Larvae

Juveniles

Adults

Bluefish

Pomatomus saltatrix

Long finned squid

Loligo pealei

n/a

n/a

X

X

Short finned squid

Ilex illecebrosus

n/a

n/a

X

X

Atlantic butterfish

Peprilus triacanthus

Atlantic mackerel

Scombrer scombrus

Summer flounder

Paralicthys dentatus

Scup

Stenotomus chrysops

n/a

Black sea bass

Centropristus striata

n/a

Surf clam

Spisula solidissima

n/a

n/a

Ocean quahog

Artica islandica

n/a

n/a

Spiny dogfish

Squalus acanthias

n/a

n/a

Blue shark

Prionace glauca

Bluefin tuna

Thunnus thynnus

X

X

n/a
X

X
X

X

n/a This notation in the tables indicates some of the species either have no data available on the
designated life stages, or those life stages are not present in the species' reproductive cycle.
X – indicates EFH for this life stage exists in Block Number 4150700
- indicates EFH for this life stage exists in Wellfleet Harbor
- indicates EFH for this life stage exists in Herring River

Unless otherwise cited, all of the EFH information below is from the Guide to Essential Fish Habitat
Designations in the Northeastern United States (NOAA 2011).

Atlantic Cod
Eggs—EFH for Atlantic cod eggs include waters around the perimeter of the Gulf of Maine, Georges
Bank, and the eastern portion of the continental shelf off southern New England. Generally, Atlantic
cod eggs can be found in water temperatures below 54 degrees ( ) Fahrenheit (F), water depths less
than 361 feet, and within a salinity range between 32 ppt and 33 ppt. Within the project area, eggs
would only be found in Wellfleet Harbor in areas within the salinity range; however, based on best
professional judgment, the MA DMF concludes that they are not present (Evans et al. 2011).
Therefore, there would be no impact.
Adults—EFH for adult Atlantic cod include bottom habitats with a substrate of rocks, pebbles, or
gravel in the Gulf of Maine, Georges Bank, southern New England, and the middle Atlantic south to
Delaware Bay. They are also found across a wide range of oceanic salinities and in areas where
generally water temperatures are below 50 F and depths range from 33 feet to 492 feet. Given the
depths where cod are found, they would generally only be found in the deeper portions of Wellfleet
Harbor; however, based on best professional judgment, the MA DMF concludes that they are not
present (Evans et al. 2011). Therefore, there would be no impact.
Though EFH has been designated for both larvae and juvenile Atlantic cod, they are generally found
in depths (minimum depth 98 feet and 82 feet respectively) that are greater than what is found in the
project area; therefore, there would be no adverse impacts associated with the proposed projects.
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Haddock
Water depths for which EFH is designated for eggs and larvae exceeds those which occur in the
project area (eggs: 164 feet to 295 feet; larvae: 98 feet to 295 feet; juveniles: 115 feet to 328 feet; adults:
131 feet to 492 feet). Therefore, no EFH exists in the project area.

Pollock
Larvae—EFH for the larvae of pollock has been designated for the waters of the Gulf of Maine and
Georges Bank. Generally the larvae are found in areas where the sea surface temperatures are less
than 63 F and water depths range between 33 feet and 820 feet. Pollock larvae are often observed
from September to July with peaks from December to February. Within the project area, larvae could
be found in Wellfleet Harbor near the mouth where depths are deep enough. This area would not be
impacted by restoration activities and would therefore not impact EFH for larvae.
Juveniles—For juvenile pollock, EFH has been designated for bottom habitats with aquatic
vegetation or a substrate of sand, mud or rocks in the Gulf of Maine and Georges Bank. They are also
generally found where water temperatures are less than 64 F, salinities range from 29 ppt to 32 ppt,
and depths range from 0 feet to 820 feet. Within the project area, those areas in Wellfleet Harbor
with salinities in the above range are designated as EFH. No impacts to Wellfleet Harbor would
occur from restoration activities other than some small amount of sedimentation in areas close to the
mouth of Herring River. While juvenile pollock are daytime sight feeders, turbidity levels in Wellfleet
Harbor are not expected to increase much as a result of sediment mobilized during restoration. Small
incremental openings of the tide gate structures would further reduce the impacts of turbidity
reaching Wellfleet Harbor. Therefore, adverse impacts, if any, to EFH for juvenile pollock is
anticipated to be minimal and short-term.
Adults—Bottom habitats in the Gulf of Maine and Georges Bank and hard bottom habitats
(including artificial reefs) off southern New England and the middle Atlantic south to New Jersey are
designed as EFH for adult pollock. Water temperatures below 57 F, salinities between 31 ppt and 34
ppt, and depths between 49 feet and 1,197 feet are also found in the EFH designations. Given the
depth designations, only the deeper portions or Wellfleet Harbor are classified as EFH. For reasons
described above for juveniles, impacts, if any, to EFH for adult pollock are anticipated to be minimal
and short-term.

Whiting
Water depths for which EFH is designated for all life stages of whiting exceeds those which occur in
the project area (eggs: 164 feet to 492 feet; larvae: 164 feet to 427 feet; juveniles: 66 feet to 886 feet;
adults: 98 feet to 1,066 feet). Therefore, no EFH exists in the project area.

Red hake
Eggs—EFH for red hake eggs includes surface waters of the Gulf of Maine, Georges Bank, the
continental shelf off southern New England, and the middle Atlantic south to Cape Hatteras and are
most frequently seen during the months from May to November. Preferred conditions for red hake
eggs include sea surface temperatures below 50 F along the inner continental shelf with salinities
less than 25 ppt. Red Hake eggs are not likely to be found in Herring River or Wellfleet Harbor.
Larvae—EFH for red hake larvae includes surface waters of the Gulf of Maine, Georges Bank, the
continental shelf off southern New England, and the middle Atlantic south to Cape Hatteras where
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water temperatures are below 66 F, depths are less than 656 feet, and salinities are greater than 0.5
ppt. They are most often observed during the months from May through December with peaks in
September and October. Although EFH may encompass part of the project area, red hake likely do
not occur in Herring River or Wellfleet Harbor. Therefore, no more than minimal impact on EFH
for red hake larvae is anticipated as a result of the proposed project.
Juveniles—Red hake juveniles are found in bottom habitats with a substrate of shell fragments,
including areas with an abundance of live scallops. Water temperatures below 61 F, depths less than
328 feet and a salinity range from 31 ppt to 33 ppt are preferred by red hake juveniles. Although EFH
may encompass part of the project area in Wellfleet Harbor, red hake juveniles likely do not occur in
the harbor and none were collected during the 1968-1969 survey by Curley et al. (1972). Therefore,
no more than minimal impact on EFH for red hake juveniles is anticipated as a result of the proposed
project.
Adults—Adult red hake are generally found in bottom habitats in depressions with a substrate of
sand and mud; water temperatures below 54 F, and depths from 33 feet to 427 feet. They also have a
preference for salinities in the range of 33 ppt to 34 ppt. Although EFH may encompass part of the
project area in Wellfleet Harbor, adult red hake likely do not occur in the harbor and none were
collected during the 1968-1969 survey by Curley et al. (1972). Therefore, no more than minimal
impact on EFH for adult red hake is anticipated as a result of the proposed project.

White hake
Eggs—EFH for white hake eggs includes surface waters of the Gulf of Maine, Georges Bank and
southern New England, and are most often observed in August and September. During trawl surveys
eggs were most often collected in water depths between 33 feet and 820 feet (Chang et al. 1999). Eggs
are unlikely to be found in Herring River and Wellfleet Harbor.
Larvae—EFH for larvae is pelagic waters where temperatures are between 50 F and 64 F in water
depths between 33 feet and 492 feet. They are unlikely to be found in inshore or nearshore waters
(Chang et al. 1999), and therefore would not be found in Herring River or Wellfleet Harbor.
Juveniles—EFH is designated for two life stages of juveniles: the pelagic stage and the demersal
stage. White hake juveniles in the pelagic stage are most often observed from May through
September within pelagic waters. Demersal stage juveniles tend to occupy bottom habitats with
seagrass beds or a substrate of mud or fine-grained sand. These juvenile stages are found in waters
with temperatures between 46 F to 66 F and depths from 16 feet to 738 feet. Although EFH may
encompass part of the project area, white hake juveniles were not collected in any surveys (Curley et
al. 1972, Roman 1987, Raposa 1999 unpublished data, Gwilliam 2005 unpublished data) and likely do
not occur in the harbor or Herring River. Therefore, no more than minimal impact on EFH for red
hake juveniles is anticipated as a result of the proposed project.
Adults—EFH for white hake adults includes bottom habitats with a substrate of mud or fine-grained
sand, as well as water temperatures of 41 F to 57 F and depths from 16 feet to 1,066 feet. Although
EFH may encompass part of the project area, white hake adults were not collected in any surveys
(Curley et al. 1972, Roman 1987, Raposa 1999 unpublished data, Gwilliam 2005 unpublished data)
and likely do not occur in the harbor or Herring River. Therefore, no more than minimal impact on
EFH for red hake juveniles is anticipated as a result of the proposed project.

F-12

Herring River Restoration Project

Appendix F: Essential Fish Habitat Assessment for the Herring River Restoration Project

Winter flounder
Eggs—Winter flounder eggs are found in bottom habitats with a substrate of sand, muddy sand,
mud, and gravel on Georges Bank, the inshore areas of the Gulf of Maine, southern New England,
and the middle Atlantic south to Delaware Bay. They generally tend to occur in waters with
temperatures less than 50 F, water depths less than 16 feet, and salinities between 10 ppt and 30 ppt.
Eggs are often observed from February to June. Herring River and Wellfleet Harbor likely provide
EFH for this species. Winter flounder are rare upstream of the Chequessett Neck Road Dike, so any
impact from construction activities or sedimentation to EFH for winter flounder eggs would be
minimal upstream of the dike. Downstream of the dike and in Wellfleet Harbor, eggs could be
impacted through burial during construction of the dike and through sedimentation processes.
However, much of the sedimentation in Wellfleet Harbor would likely occur in proximity to the
mouth of Herring River and would be minimized by small incremental openings in the tide gates
through adaptive management. Coordination with MA DMF and NMFS for appropriate in-water
construction time periods and periods when the tide gates would be incrementally opened would
also help to mitigate impacts to EFH for winter flounder eggs. With these measures, any impact to
EFH for eggs is anticipated to be minimal and temporary. Over the long-term, restoration of Herring
River estuary would provide better fish passage and dramatically increase the amount of estuarine
habitat upstream of the dike, providing better access to areas upstream of the dike, as well as more
spawning habitat and EFH for eggs.
Larvae—Winter flounder larvae are found in pelagic and bottom waters of Georges Bank and the
inshore areas of the Gulf of Maine, where sea surface temperatures are less than 59 F, depths are
less than 20 feet, and salinities are between 4 ppt and 30 ppt. Winter flounder larvae are often
observed from March to July. EFH for the larvae of this species is likely found in Herring River and
Wellfleet Harbor, though currently the occurrence of winter flounder upstream of the dike is rare.
While increased turbidity during construction activities could impact EFH for larvae, impacts would
be temporary in nature and localized, with areas of impact mostly just downstream of the
Chequessett Neck Road Dike. Turbidity is not expected to increase very much in Wellfleet Harbor
as a result of the project and would be minimized by the small incremental openings of the tide gates
under adaptive management. Coordination with MA DMF and NMFS for appropriate in-water
construction timeframes and periods when the tide gates would be incrementally opened would also
help to minimize any potential impacts to EFH. In the long-term, the project would increase the
amount of estuarine habitat upstream of the dike, providing beneficial impacts to EFH for larvae.
Juveniles—EFH is designated for two stages of winter flounder juveniles have been identified.
Winter flounder young-of-the-year occupy bottom habitats with a substrate of mud or fine grained
sand, within waters where the temperature is below 82 F, depths are from 0.3 feet to 33 feet, and
salinities ranging between 5 ppt and 33 ppt. The second juvenile stage of winter flounder is the Age 1plus juvenile found in inshore areas in waters with temperatures below 77 F, depths from 3 feet to
164 feet, and salinities between 10 ppt to 30 ppt. Winter flounder were collected during the surveys
in 1968-1969 and 1984 and 2005, with the majority of them being juveniles and found downstream of
the Chequessett Neck Road Dike (Curley et al. 1972, Roman 1987, Gwilliam 2005 unpublished data);
therefore, Herring River and Wellfleet Harbor likely provide EFH for juvenile winter flounder.
Juvenile winter flounder are mobile and would likely be temporarily displaced from construction
activity, avoiding direct impacts such as mortality. During construction of the Chequessett Neck
Road Dike measures will be taken to ensure that existing levels of fish passage continue, allowing
winter flounder to access suitable habitat upstream of the dike. Localized increases in turbidity from
in-water construction activities and sediment mobilization during restoration may affect feeding
success. It may also restrict habitat use and function through greater expenditure of energy, gill tissue
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damage and associated respiratory impacts, lowered oxygen levels, and mortality. However
individuals are mobile and would likely flee the area to neighboring waters where feeding and other
impacts will be less problematic. Therefore, no more than minimal impact to juvenile flounder EFH
is anticipated. During restoration, increased fish passage at the dike would allow greater access to
areas upstream of the dike, and estuarine habitat upstream of the dike would expand and increase
the quality of EFH for juveniles, providing long-term beneficial impacts.
Adults—Adult winter flounder occur in bottom habitats including estuaries with a substrate of mud,
sand, and gravel, with water temperatures below 77 F depths, from 3 feet to 328 feet, and salinities
between 15 ppt and 33 ppt. Spawning winter flounder adults are found in waters with temperatures
below 59 F, depths less than 20 feet (except on Georges Bank where they spawn as deep as 262 feet),
and salinities between 5.5 ppt and 36 ppt. Spawning occurs in January through May, with an optimal
temperature being 38 F to 42 F and optimal salinity 11 ppt to 33 ppt. Adults have been collected in
the project area, and the Herring River and Wellfleet Harbor likely provide EFH for adult and
spawning adult winter flounder. Impacts would be similar to those described above for juveniles,
resulting in minimal short-term adverse impacts and long-term beneficial impacts to EFH for adult
winter flounder.

Yellowtail flounder
Yellowtail flounder are rare in most estuaries and rivers in the North Atlantic, although they are
common in the Sheepscot River and Casco Bay and abundant in Boston Harbor (Johnson et al.
1999). Given the depth preferences for eggs (98 feet to 295 feet), larvae (33 feet to 295 feet), juveniles
(66 feet to 164 feet) and adults (66 feet to 164 feet), Herring River and Wellfleet Harbor do not
provide EFH for any life stage of yellowtail flounder.

Windowpane flounder
Eggs—EFH designated for windowpane flounder eggs includes surface waters around the perimeter
of the Gulf of Maine, on Georges Bank, southern New England, and the middle Atlantic south to
Cape Hatteras with temperatures ranging between 43 F and 68 F and water depths less than 230
feet. Although EFH may encompass part of the project area windowpane flounder eggs likely do not
occur in Wellfleet Harbor or Herring River. Therefore, no more than minimal impact on EFH for
windowpane flounder eggs is anticipated as a result of the proposed project.
Larvae—EFH for windowpane flounder larvae includes pelagic waters around the perimeter of the
Gulf of Maine, on Georges Bank, southern New England, and the middle Atlantic south to Cape
Hatteras with temperatures less than 68 F and water depths less than 230 feet. Although EFH may
encompass part of the project area in Wellfleet Harbor, windowpane flounder larvae likely do not
occur in harbor. Therefore, no more than minimal impact on EFH for windowpane flounder larvae
is anticipated as a result of the proposed project.
Juveniles—EFH for juveniles includes bottom habitats around the perimeter of the Gulf of Maine,
on Georges Bank, southern New England, and the middle Atlantic south to Cape Hatteras with
substrates consisting of mud or fine-grained sand. Juveniles are common from June through October
at temperatures below 77 F, depths from 3 feet to 328 feet, and salinities between 5.5 ppt to 36 ppt.
Juvenile windowpane flounder were sampled at all stations except in Herring River downstream of
the dike by Curley et al. (1972). They were also not sampled in Herring River in 1984, 1999, or 2005
(Roman 1987, Raposa 1999 unpublished data, Gwilliam 2005 unpublished data); therefore it is likely
that only Wellfleet Harbor provides EFH for juveniles. Turbidity levels in Wellfleet Harbor are not
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expected to increase much as a result of in-water construction or sediment mobilization processes
associated with restoration of Herring River; therefore, adverse impacts to feeding habits/success in
juveniles is expected to be minimal and temporary. Other impacts that can be caused by increased
turbidity such as restricted habitat use and function through greater expenditure of energy, gill tissue
damage and associated respiratory impacts, lowered oxygen levels, and mortality would also be
expected to be minimal and temporary. With the project resulting in increased fish passage at
Chequessett Neck Road dike and increased estuarine habitat upstream of the dike, EFH for juvenile
window pane flounder would likely expand to areas upstream of the dike, resulting in long-term
benefits.
Adults—For adult windowpane flounder EFH is designated as bottom habitats with a substrate of
mud or fine-grained sand in the Gulf of Maine, Georges Bank, southern New England, and the
middle Atlantic south to the Virginia-North Carolina border. Water temperatures are generally
below 80 F, water depths generally range from 3 feet to 246 feet, and salinities range from 5.5 ppt to
36 ppt. Wellfleet Harbor likely provides EFH for adult windowpane flounder. Impacts to EFH for
adult windowpane flounder would be similar to those for juvenile window pane flounder discussed
above and result in long-term benefits by expanding potential EFH upstream of the Chequessett
Neck Road dike.

American plaice
Water depths designated as EFH for American plaice eggs (98 feet to 295 feet), larvae (98 feet to 427
feet), juveniles (148 feet to 492 feet) and adults (148 feet to 574) are greater than what exist in
Herring River and Wellfleet Harbor. Therefore, EFH for this species does not exist within the
project area.

Ocean pout
Eggs—EFH consists of bottom habitats in the Gulf of Maine, Georges Bank, southern New England
and the middle Atlantic south to Delaware Bay. Due to low fecundity, relatively few eggs (< 4200) are
laid in gelatinous masses, generally in hard bottom sheltered nests, holes, or crevices where they are
guarded by either female or both parents. Additionally, water temperatures are generally below 50
F, depths are generally less than 164 feet, and salinities range from 32 ppt to 34 ppt. Given the habitat
requirements, it is not expected that eggs would occur in the project area.
Larvae—For larvae, EFH consists of bottom habitats in the Gulf of Maine, Georges Bank, southern
New England and the middle Atlantic south to Delaware Bay that remains in close proximity to the
hard bottom nesting areas. Where larvae are found, water temperatures are generally below 50 F,
depths are less than 164 feet, and salinities are greater than 25 ppt. Given the bottom habitats, no
EFH is found within the project area.
Juveniles—EFH for juveniles consists of bottom habitats, often smooth bottom near rocks or algae
in the Gulf of Maine, Georges Bank, southern New England and the middle Atlantic south to
Delaware Bay where water temperatures are below 57 F, depths less than 262 feet, and salinities are
greater than 25 ppt. Although EFH may encompass part of the project area in Wellfleet Harbor,
ocean pout juveniles likely do not occur in the harbor and none were collected in the surveys
conducted in the harbor in 1968-1969 or 1984 (Curley et al. 1972, Roman 1987). Therefore, no more
than minimal impact on EFH for ocean pout juveniles is anticipated as a result of the proposed
project.
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Adults—Bottom habitats for adult EFH occur in the Gulf of Maine, Georges Bank, southern New
England and the middle Atlantic south to Delaware Bay where the substrate is sand, gravel, or a
rough bottom, but are rarely found over mud (Steimle et al. 1999). Additionally, the following
conditions exist where ocean pout adults are found: water temperatures below 59 F, depths less
than 361 feet, and a salinity range from 32 ppt to 34 ppt. Although EFH may encompass part of the
project area in Wellfleet Harbor, ocean pout adults likely do not occur in the harbor and none were
collected in the surveys conducted in the harbor in 1968-1969 or 1984 (Curley et al. 1972, Roman
1987). Therefore, no more than minimal impact on EFH for ocean pout adults is anticipated as a
result of the proposed project.

Atlantic halibut
Eggs and Larvae—Atlantic halibut spawn offshore (Cargnelli et al. 1999) Atlantic halibut eggs are
generally observed between late fall and early spring, in waters with temperatures between 39 F and
45 F, depths less than 2,297 feet, and salinities less than 35 ppt. EFH for larvae is the surface water of
the gulf of Main and Georges Bank where salinities are between 30 ppt and 35 ppt. Because Atlantic
halibut spawn offshore, it is unlikely that eggs or larvae would be found within the project area.
Juveniles—Juvenile halibut tend to emigrate from nursery areas between 3 and 4 years of age. They
prefer sand and coarse sediment in the Gulf of Main and Georges Bank where depths range from 66
feet to 197 feet and water temperatures are above 36 F. There is no EFH for juveniles in the project
area as preferred depths are greater than found in Wellfleet Harbor.
Adults—Adult Atlantic halibut, as well as spawning adults tend to occupy waters with temperatures
below 56 F, depths from 328 feet to 2,296 feet, and salinities between 30.4 ppt and 35.3 ppt. Due to
preferred depths, no EFH exists within the project area.

Atlantic sea scallops
Sea scallops are an offshore species inhabiting water depths typically ranging from 59 feet to 361 feet,
but may also occur in waters as shallow as seven feet in estuaries and embayments along the Maine
coast and in Canada. In southern areas, scallops are primarily found at depths between 148 feet to
246 feet, and are less common in shallower water (82 feet to 148 feet) due to high temperature (Hart
and Chute 2004). Because they are an offshore species, there is no EFH for them in the project area.

Atlantic sea herring
Although juvenile Atlantic herring were sampled during the 1968-1969 survey in Wellfleet Harbor
(Curley et al. 1972), water depths for which EFH is designated for all life stages exceeds those which
occur in the project area (eggs: 66 feet to 262 feet; larvae: 164 feet to 295 feet; juveniles: 49 feet to 443
feet; adults: 66 feet to 427 feet). Therefore, no EFH exists in the project area.

Monkfish
Water depths for which EFH is designated for all life stages of monkfish exceeds those which occur
in the project area (eggs: 49 feet to 3,281 feet; larvae: 82 feet to 3,281 feet; juveniles: 82 feet to 656 feet;
adults: 82 feet to 656 feet). Therefore, no EFH exists in the project area.
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Bluefish
Eggs and Larvae—Eggs and larvae are generally not collected in estuarine waters, thus there is no
EFH designation inshore for these life stages.
Juveniles and Adults—EFH for juveniles and adults is all major estuaries between Penobscot Bay,
Maine and St. Johns River, Florida. In North Atlantic estuaries, juvenile and adult bluefish generally
occur from June through October in the “mixing” (0.5 ppt to 25 ppt) and “seawater” (> 25 ppt)
zones. Therefore, Herring River and Wellfleet Harbor serve as EFH for juvenile and adult bluefish.
They were sampled downstream of the dike in 1984 (Roman 1987) and in Wellfleet Harbor in 19681969 (Curley et al. 1972). Localized increases in turbidity associated with in-water construction
activities and sediment mobilization processes during restoration could affect feeding success. It may
also restrict habitat use and function through greater expenditure of energy, gill tissue damage and
associated respiratory impacts, lowered oxygen levels, and mortality. However, these impacts would
be localized and temporary. Juveniles and adults would are highly mobile and also likely flee
impacted areas to surrounding waters where feeding and other impacts are less problematic.
Therefore, any short-term adverse impact is anticipated to be minimal. However, the restoration
project would have long-term beneficial impacts on EFH for juvenile and adult bluefish as the
project would result increased fish passage at Chequessett Neck Road Dike, providing greater access
to the increased amount of estuarine habitat and prey species populations resulting from the project.

Long finned squid
There is no EFH for long finned squid in the project area as EFH for pre-recruits and recruits is
pelagic waters found over the continental shelf (from the coast out to the limits of the Exclusion
Economic Zone (EEZ)), for the Gulf of Maine through Cape Hatteras, North Carolina.

Short finned squid
There is no EFH for short finned squid in the project area as EFH for pre-recruits and recruits is
pelagic waters found over the continental shelf (from the coast out to the limits of the EEZ), for the
Gulf of Maine through Cape Hatteras, North.

Atlantic butterfish
Eggs—Inshore, EFH for eggs is the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (25 ppt) portions
of all the estuaries where butterfish eggs are “common,” “abundant,” or “highly abundant” on the
Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia according to the Estuarine
Living Marine Resources (ELMR) database (NOAA 2010). Butterfish eggs pelagic and are generally
collected from shore to 6,000 ft and temperatures between 52 F and 63 F, though they have been
collected from temperatures up to 73 F (Cross et al. 1999). For the seawater portions of Cape Cod
Bay, eggs are common during the months of July to September (NOAA 2010); therefore, they could
potentially be present in the seawater portions of Wellfleet Harbor. However, the harbor is on the
upper end of the temperature range during those months. Butterfish eggs are not present in the
mixing portion of Cape Cod Bay estuaries (NOAA 2010). Turbidity in Wellfleet Harbor resulting
from the restoration of Herring River is not expected to increase much, and would only be
temporary in nature. Therefore, any impact to EFH for eggs is expected to be minimal and shortterm.
Larvae—Inshore, EFH is designated as the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (> 25 ppt)
portion of all the estuaries where Atlantic mackerel eggs are “common,” “abundant,” or “highly
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abundant” on the Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia
according to the ELMR database. Larvae are generally found from 33 feet to 6,000 feet in areas
where water temperatures range from 48 F to 66 F. For the seawater portions of Cape Cod Bay,
butterfish larvae are rare, and they are not present in the mixing portion of the estuaries; therefore
there is no EFH in the project area (NOAA 2010).
Juveniles—Inshore, EFH is designated as the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (> 25
ppt) portion of all the estuaries where Atlantic mackerel eggs are “common,” “abundant,” or “highly
abundant” on the Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia
according to the ELMR database. Juvenile fish are generally found in depths between 33 feet and
1,200 feet in areas where water temperatures range from 37 F to 82 F. For Cape Cod Bay, juveniles
are common in both the seawater and mixing portions of its estuaries (NOAA 2010); therefore, while
butterfish juveniles were not collected during the surveys conducted in 1968-1969 (Curley et al.
1972) or 1984 (Roman 1987), they could potentially occur in Wellfleet Harbor. Depths are too
shallow for Herring River. Feeding success in juveniles could be impacted by increased turbidity.
However, turbidity in Wellfleet Harbor resulting from the restoration of Herring River is not
expected to increase much, and would only be temporary in nature. Other impacts that can be
caused by increased turbidity such as restricted habitat use and function through greater expenditure
of energy, gill tissue damage and associated respiratory impacts, lowered oxygen levels, and mortality
would also be expected to be minimal and temporary. Juveniles are highly mobile and would also
likely flee any impacted areas to surrounding waters where feeding and other impacts would be less
problematic. Therefore, any impact to EFH for juvenile butterfish is expected to be minimal and
short-term.
Adults—Inshore, EFH is designated as the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (> 25 ppt)
portion of all the estuaries where Atlantic mackerel eggs are “common,” “abundant,” or “highly
abundant” on the Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia
according to the ELMR database. Adult butterfish are generally found in depths between 33 feet and
1,200 feet in areas where water temperatures range from 37 F to 82 F. For Cape Cod Bay, adults are
common in both the seawater and mixing portions of its estuaries (NOAA 2010). Therefore, while
adult butterfish were not collected during the surveys conducted in 1968-1969 (Curley et al. 1972) or
1984 (Roman 1987), they could potentially occur in Wellfleet Harbor. The depths are too shallow in
Herring River for EFH. Impacts to EFH for adult butterfish would be the same as described above
for juveniles and are expected to be minimal and short-term.

Atlantic mackerel
Eggs—Inshore, EFH is designated as the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (> 25 ppt)
portions of all the estuaries where Atlantic mackerel eggs are “common,” “abundant,” or “highly
abundant” on the Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia
according to the ELMR database. Generally, Atlantic mackerel eggs are collected from shore to 50 ft
and temperatures between 41 F and 73 F. Eggs are common in the mixing portion of the estuaries
and abundant to highly abundant in the seawater portion of the estuaries May through August
(NOAA 2010). Therefore, they could be present in Wellfleet Harbor. Turbidity in Wellfleet Harbor
resulting from the restoration of Herring River is not expected to increase much, and would only be
temporary in nature. Therefore, any impact to EFH for eggs is expected to be minimal and shortterm.
Larvae—Inshore, EFH is designated as the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (> 25 ppt)
portions of all the estuaries where Atlantic mackerel larvae are "common," "abundant," or "highly
abundant" on the Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia
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according to the ELMR database. Generally, Atlantic mackerel larvae are collected in depths
between 33 feet and 425 feet and temperatures between 43 F and 72 F. In Cape Cod Bay, larvae are
common in the mixing portion of estuaries and common to highly abundant in the seawater portion
May through August (NOAA 2010); therefore, larvae could be found in the deeper portions of
Wellfleet Harbor. Turbidity in Wellfleet Harbor resulting from the restoration of Herring River is
not expected to increase much, and would only be temporary in nature. Therefore, any impact to
EFH for eggs is expected to be minimal and short-term.
Juveniles—Inshore, EFH is designated as the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (> 25
ppt) portions of all the estuaries where juvenile Atlantic mackerel are "common," "abundant," or
"highly abundant" on the Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia
according to the ELMR database. Generally, juvenile Atlantic mackerel are collected from shore to
1,050 feet and temperatures between 39 F and 72 F. In Cape Cod Bay, juveniles are common in the
mixing portion of estuaries May through October and common to abundant in the seawater portion
May through November (NOAA 2010). Juvenile mackerel were collected in Wellfleet Harbor in the
1968-1969 survey (Curley et al. 1972) and one was collected in Herring River downstream of the dike
during the 1984 survey (Roman 1987). EFH exists in the project area. Feeding success in juveniles
could be impacted by increased turbidity. However, turbidity in Wellfleet Harbor resulting from the
restoration of Herring River is not expected to increase much, and would only be temporary in
nature. Other impacts that can be caused by increased turbidity such as restricted habitat use and
function through greater expenditure of energy, gill tissue damage and associated respiratory
impacts, lowered oxygen levels, and mortality would also be expected to be minimal and temporary.
Juveniles are highly mobile and would also likely flee any impacted areas downstream of the dike and
in Wellfleet Harbor to surrounding waters where feeding and other impacts would be less
problematic. Therefore, any impact to EFH for juvenile Atlantic mackerel is expected to be minimal
and short-term. Long-term benefits to EFH for juvenile Atlantic mackerel are expected from the
increased populations of prey species resulting from the restoration of Herring River estuary.
Adults—Inshore, EFH is designated for the “mixing” (0.5 ppt to 25 ppt) and/or “seawater” (> 25 ppt)
portions of all the estuaries where adult Atlantic mackerel are "common," "abundant," or "highly
abundant" on the Atlantic coast, from Passamaquoddy Bay, Maine to James River, Virginia
according to the ELMR database. Generally, adult Atlantic mackerel are collected from shore to
1,250 feet and temperatures between 39 F and 61 F. In Cape Cod Bay, adult mackerel are common
in the mixing portion of estuaries during May through August and common to abundant in the
seawater portion of estuaries from May through November (NOAA 2010). Adult mackerel could
potentially occur in Wellfleet Harbor during the fall when temperatures fall below 60 F, otherwise
water temperatures are too warm in the harbor and Herring River for adult mackerel. Feeding
success in adults could be impacted by increased turbidity. However, turbidity in Wellfleet Harbor
resulting from the restoration of Herring River is not expected to increase much, and would only be
temporary in nature. Other impacts that can be caused by increased turbidity such as restricted
habitat use and function through greater expenditure of energy, gill tissue damage and associated
respiratory impacts, lowered oxygen levels, and mortality would also be expected to be minimal and
temporary. Adults are highly mobile and would also likely flee any impacted areas downstream of the
dike and in Wellfleet Harbor to surrounding waters where feeding and other impacts would be less
problematic. Therefore, any impact to EFH for adult Atlantic mackerel is expected to be minimal
and short-term. Long-term benefits to EFH for adult Atlantic mackerel are expected from the
increased populations of prey species resulting from the restoration of the Herring River estuary.

Summer flounder
No EFH is designated for eggs, larvae or juveniles in Cape Cod Bay and its estuaries.
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Adults—Inshore, EFH for adult summer flounder is designated for the “mixing” (0.5 ppt to 25 ppt)
and/or “seawater” (> 25 ppt) portions of all the estuaries where adult summer flounder are
“common,” "abundant," or "highly abundant” according to the ELMR database. Generally, summer
flounder inhabit shallow coastal and estuarine waters during warmer months and move offshore on
the outer continental shelf at depths of 500 feet in colder month. The ELMR database does not
provide any data for summer flounder in Cape Cod Bay (NOAA 2011). Though no summer flounder
were collected during the 1968-1969 and 1984 surveys (Curley et al. 1972, Roman 1987), given the
species preference for shallow coastal and estuarine habitats during the warmer months, and the fact
that MA DMF considers the shoal waters of Cape Cod Bay and the region east and south of Cape
Cod, including all estuaries, bays and harbors thereof, as critically important habitat (Packer et al.
1999) summer flounder could potentially be found in Wellfleet Harbor and possibly Herring River;
therefore these areas should be considered as EFH for this species. Feeding success in adults could
be impacted by increased turbidity. However, turbidity in Wellfleet Harbor resulting from the
restoration of Herring River is not expected to increase much, and would only be temporary in
nature. Turbidity in Herring River would be localized and temporary in nature as well. Other impacts
that can be caused by increased turbidity such as restricted habitat use and function through greater
expenditure of energy, gill tissue damage and associated respiratory impacts, lowered oxygen levels,
and mortality would also be expected to be minimal and temporary. Adults are highly mobile and
would also likely flee any impacted areas to surrounding waters where feeding and other impacts
would be less problematic. Therefore, any impact to EFH for adult summer flounder is expected to
be minimal and short-term. Long-term benefits to EFH for adult summer flounder are expected
from the increased populations of prey species resulting from the restoration of Herring River
estuary. Increased fish passage at Chequessett Neck Road Dike and increased estuarine habitat
upstream of the dike would also increase the amount of EFH available to adult summer flounder.

Scup
Juveniles—Inshore, EFH is designated as the estuaries where scup are identified as being common,
abundant, or highly abundant in the ELMR database for the "mixing"(0.5 ppt to 25 ppt) and
"seawater"(>25 ppt) salinity zones. In general during the summer and spring, juvenile scup are found
in estuaries and bays between Virginia and Massachusetts, in association with various sands, mud,
mussel and eelgrass bed type substrates, in water temperatures greater than 45 F and salinities
greater than 15 ppt. In Cape Cod Bay, juvenile scup are common in the mixing and seawater portion
of estuaries during July through September (NOAA 2010) and scup were collected in Wellfleet
Harbor by Curley et al. (1972). Feeding success in juveniles could be impacted by increased turbidity.
However, turbidity in Wellfleet Harbor resulting from the restoration of Herring River is not
expected to increase much, and would only be temporary in nature. Other impacts that can be
caused by increased turbidity such as restricted habitat use and function through greater expenditure
of energy, gill tissue damage and associated respiratory impacts, lowered oxygen levels, and mortality
would also be expected to be minimal and temporary. Juveniles are highly mobile and would also
likely flee any impacted areas to surrounding waters where feeding and other impacts would be less
problematic. Therefore, any impact to EFH for juvenile scup is expected to be minimal and shortterm. Long-term benefits to EFH for juvenile scup are expected to occur. Restoration of Herring
River would increase salinity levels upstream of the Chequessett Neck Road Dike and would
increase fish passage at the dike as well. This would potentially expand suitable habitat for scup to
access. Restoration of Herring River estuary would also increase populations of prey species for
scup, providing long-term benefits to EFH for juvenile scup.
Adults—Inshore, EFH is designated as the estuaries where scup were identified as being common,
abundant, or highly abundant in the ELMR database for the "mixing"(0.5 ppt to 25 ppt) and
"seawater"(>25 ppt) salinity zones. Generally, wintering adults (November through April) are
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usually offshore, south of New York to North Carolina, in waters above 45 F. In Cape Cod Bay,
adult scup are common in the seawater portion of estuaries from June through September (NOAA
2010) and scup were collected in Wellfleet Harbor by Curley et al. (1972). Impacts to EFH for adult
scup from the proposed project would be the same as those described above for juvenile scup.

Black sea bass
Adults—Inshore, EFH is designated for the estuaries where adult black sea bass were identified as
being common, abundant, or highly abundant in the ELMR database for the “mixing” (0.5 ppt to 25
ppt) and/or “seawater” (> 25 ppt) portions. Black sea bass are generally found in estuaries from May
through October. Wintering adults (November through April) are generally offshore, south of New
York to North Carolina. Temperatures above 43 F appear to be the minimum requirements.
Structured habitats (natural and man-made), sand and shell are usually the substrate preference.
Black sea bass are uncommon in the cooler waters north of Cape Cod (Drohan et al. 2007) and the
ELMR database does not provide distribution information for areas of Cape Cod Bay. Therefore,
there is no EFH for this species in the project area.

Surf clam
Juveniles/adults—EFH for surf clam juveniles and adults is designated throughout the substrate, to
a depth of three feet below the water/sediment interface, within federal waters from the eastern edge
of Georges Bank and the Gulf of Maine throughout the Atlantic EEZ. Surf clams generally occur
from the beach zone to a depth of about 200 feet, but beyond about 125 feet abundance is low. They
also only occur in salinities greater than 28 ppt (Cargnelli et al. 1999). The higher salinity areas of
Wellfleet Harbor could serve as EFH for this species. Though some sedimentation is expected to
occur in Wellfleet Harbor in the vicinity of the mouth of Herring River, it would be minimized by
small incremental openings in the tide gates under adaptive management. Surf clams are able to move
up and down in the substrate; therefore, it is not anticipated that they would be affected by any
sedimentation that would occur. Thus, any impact to surf clams is anticipated to be minimal and
short-term.

Ocean quahog
No EFH is designated for any life stage of ocean quahog in Cape Cod Bay and its estuaries.

Spiny dogfish
Juveniles—Inshore, EFH is the "seawater" (>25 ppt) portions of the estuaries where dogfish are
common or abundant on the Atlantic coast, from Passamaquoddy Bay, Maine to Cape Cod Bay,
Massachusetts. Generally, juvenile dogfish are found at depths of 33 feet to 1,280 feet in water
temperatures ranging between 37 F and 82 F. Though no spiny dogfish have been collected in the
project area (Curley et al. 1972, Roman 1987), they could potentially be found in the deeper portions
of Wellfleet Harbor. Feeding success in juveniles could be impacted by increased turbidity.
However, turbidity in Wellfleet Harbor resulting from the restoration of Herring River is not
expected to increase much, and would only be temporary in nature. Other impacts that can be
caused by increased turbidity such as restricted habitat use and function through greater expenditure
of energy, gill tissue damage and associated respiratory impacts, lowered oxygen levels, and mortality
would also be expected to be minimal and temporary. Juveniles are highly mobile and would also
likely flee any impacted areas to surrounding waters where feeding and other impacts would be less
problematic. Therefore, any impact to EFH for juvenile spiny dogfish is expected to be minimal and
short-term.
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Adults—Inshore, EFH is the "seawater" (.25 ppt) portions of the estuaries where dogfish are
common or abundant on the Atlantic coast, from Passamaquoddy Bay, Maine to Cape Cod Bay,
Massachusetts. Generally, adult dogfish are found at depths of 33 feet to 1,476 feet in water
temperatures ranging between 37 F and 82 F. Though no spiny dogfish have been collected in the
project area (Curley et al. 1972, Roman 1987), they could potentially be found in the deeper portions
of Wellfleet Harbor. Impacts to EFH for adult spiny dogfish would be similar to those for juvenile
spiny dogfish discussed above and are expected to be minimal and short-term.

Blue shark
Adults—The blue shark is a pelagic species that inhabits clear, deep, blue waters, usually in
temperatures of 50 F to 68 F, at depths greater than 590 feet. EFH is designated in localized areas in
the Atlantic off Florida and Georgia, and from South Carolina to the Gulf of Maine. Based on the
mapping for this species, there is no EFH for adult blue sharks in the project area (NOAA 2009).

Bluefin tuna
Juveniles/Subadults—EFH juvenile/subadult bluefin tuna consists of all inshore and pelagic waters
warmer than 53.6 F off the Gulf of Maine and Cape Cod Bay, from Cape Ann, MA (~42.75 N) east to
69.75 W (including waters of the Great South Channel west of 69.75 W), continuing south to and
including Nantucket Shoals at 70.5 W to off Cape Hatteras, NC (approximately 35.5 N), in pelagic
surface waters warmer than 53.6 F, between the 82 and 328 foot isobaths. No EFH exists in the
estuarine waters of Wellfleet Harbor and Herring River.
Adults—Adult bluefin tuna are found from Newfoundland to Brazil, but have EFH for adults in
pelagic waters of the Gulf of Maine from the 164 foot isobath to the EEZ boundary, including the
Great South Channel, then south of Georges Bank to 39 N from the 164 foot isobath to the EEZ
boundary. No EFH exists in the estuarine waters of Wellfleet Harbor and Herring River.

CUMULATIVE EFFECTS
Cumulative impacts are those resulting from the incremental impact of the proposed action when
added to other past, present, and reasonably foreseeable future actions. Other projects and plans in
the area with the potential to beneficially affect EFH include the Town of Wellfleet Comprehensive
Wastewater Management Plan, the Mayo Creek and East Harbor salt marsh restoration projects, and
oyster spawning experiments in Wellfleet Harbor. Wellfleet’s wastewater management plan would
improve water quality in the project area waters by reducing the potential for nutrient loading and
domestic sewage contamination of local surface waters, improving the habitat for estuarine fish and
macroinvertebrate species as well as shellfish. The May Creek and East Harbor restoration projects,
similar to the Herring River restoration project, would improve and increase the amount of habitat
available for all aquatic species. The oyster spawning experiments in Wellfleet Harbor could directly
enhance the local population of oysters and provide additional spat that could settle in restored areas
of Herring River. The oysters used in the experiments could also potentially improve the overall
local water quality by filtering nitrogen out of the water; improving habitat conditions for all aquatic
species.
Recurrent dredging of the federal navigation channel between the Town Pier and Wellfleet Harbor,
which has occurred four times since 1971, has the potential to adversely affect EFH through
temporary disturbance, decreases in local water quality, sedimentation and direct mortality.
Although these effects are temporary, they recur with each dredging event, resulting in long-term,
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intermittent impacts. Mobile species, both fish and macroinvertebrates, would temporarily move out
of the area while the dredging occurs; returning once the activities are over. This would temporarily
impact both prey species as well as EFH species, but once the dredging is over, species would readily
return. Dredging delivers sediment to the water column and increases turbidity. Fine sediments
would likely be transported out of Wellfleet Harbor on ebbing tides while coarser sediments could
settle to the bottom within the harbor. Increased turbidity can adversely impact aquatic species,
including shellfish, and sedimentation can adversely affect shellfish through burial. While feeding for
species with designated EFH would be impacted, these species would likely flee the impacted areas
to surrounding waters where feeding is less problematic, resulting in minimal adverse impacts that
would be temporary in nature. Dredging would also result in the direct mortality of some benthic
species that are not mobile enough to move out of the area; again impacting feeding resources for
species with designated EFH. However, once dredging activities cease, species would quickly
recolonize the affected area.
Overall, the proposed action when combined with the projects in the vicinity of the proposed action
would have long-term beneficial impacts on EFH, as any adverse impacts would be temporary and
localized in nature and would not result in a cumulative impact that was significant.

CONCLUSIONS
Long-term, the proposed restoration of the Herring River estuary is expected to provide numerous
benefits to EFH for species occurring in the area, including improved quality and quantity of EFH.
Through increased tidal flow and flushing rates water quality upstream of the Chequessett Neck
Road Dike as well as upstream of High Toss Road would improve. Salinity values would increase
throughout much of the system with values ranging from 15 ppt to 30 ppt in most of the lower subbasins, increasing the amount of estuarine habitat (sub-tidal and intertidal habitat) by approximately
790 acres to 885 acres, depending on the alternative selected through the NEPA process. This new
estuarine habitat in turn would result in an increase in the population of prey species, including
finfish, macroinvertebrates and shellfish, which species with EFH feed on. Fish passage at the
Chequessett Neck Road dike would also increase, decreasing potential mortality rates for
anadromous and catadromous species and increasing access to estuarine habitat upstream of the
dike for both prey species and species for which EFH is designated.
Although some adverse impacts to species with designated EFH would occur, they are expected to
be minimal and short-term in nature. During construction activities less mobile prey species would
likely be buried or directly killed during in-water construction activities. Sediment disturbance
would increase turbidity in the surrounding waters, adversely impacting the feeding behaviors of
species with EFH, as well as other species. It may also restrict habitat use and function through
greater expenditure of energy, gill tissue damage and associated respiratory impacts, lowered oxygen
levels, and mortality. However, this would be temporary and localized and species would likely flee
to neighboring waters where feeding and other impacts are less problematic. As tidal flows increase
with restoration, sediments would be mobilized, and though most would be transported upstream
onto the marsh system, some would be transported downstream of the dike and into Wellfleet
Harbor, with coarser sediments settling out and finer sediments likely flushing out to Cape Cod Bay.
However, with small incremental openings in the tide gates under adaptive management, impacts
would be minimized and benthic species would be expected to recolonize areas readily.
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ACRONYMS
BMPs
CYCC
DO
EFH
MA DMF
NEPA
NEFMC
NMFS
ppt
TSS

Best Management Practices
Chequessett Yacht and Country Club
dissolved oxygen
Essential Fish Habitat
Massachusetts Division of Marine Fisheries
National Environmental Policy Act
New England Fishery Management Council
National Oceanic and Atmospheric Administration National Marine Fisheries
Service
parts per thousand
total suspended solids
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1. INTRODUCTION
This Wetlands and Floodplains Statement of Findings (SOF) describes the alternatives that were
evaluated in the EIS, characterizes the wetland and floodplain resources that may be adversely impacted
as a result of implementing the preferred alternative, describes adverse impacts that the project would
likely have on these resources, and documents the steps that would be taken to avoid, minimize, and
offset these impacts.
NPS Director’s Order 77-1 and Procedural Manual 77-1 provide guidance regarding NPS policies and
procedures for wetland protection. The purpose of this Director's Order is to establish NPS policies,
requirements, and standards for implementing Executive Order (EO) 11990: Protection of Wetlands (42
Fed. Reg. 26961), which was issued by President Carter in 1977 "…to avoid to the extent possible the
long and short term adverse impacts associated with the destruction or modification of wetlands and to
avoid direct or indirect support of new construction in wetlands wherever there is a practicable
alternative...."
Consistent with this order, the NPS has adopted a goal of "no net loss of wetlands." Additionally, the NPS
will strive to achieve a longer-term goal of a net gain of wetlands Servicewide. When proposing new
development or other new activities, plans, or programs that have the potential to result in adverse
impacts on wetlands, the NPS will avoid adverse wetland impacts to the extent practicable, minimize
impacts that cannot be avoided, and compensate for remaining unavoidable adverse wetland impacts via
restoration of degraded wetlands.
EO 11988: Floodplain Management, also enacted by then President Jimmy Carter in 1977, requires the
NPS and other federal agencies to avoid to the extent possible the short- and long-term adverse impacts
associated with the occupancy and modification of floodplains and to avoid direct and indirect support of
floodplain development wherever there is a practicable alternative. Under the EO, each agency shall
provide leadership and shall take action to reduce the risk of flood loss, to minimize the impact of floods
on human safety, health, and welfare, and to restore and preserve the natural and beneficial values served
by floodplains (EO 11988). NPS Director’s Order 77-2 Floodplain Management and Procedural Manual
77-2 provide NPS policies and procedures for complying with EO 11988.
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Source: The Louis Berger Group, Inc., 2012.

FIGURE 1: PARK VICINITY M AP AND HERRING RIVER RESTORATION AREA
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2. PROJECT BACKGROUND
The proposed project will restore native tidal wetland habitat to large portions of the Herring River
estuary (figure 1) by re-establishing tidal exchange in the main river basin and its connected sub-basins.
Increased tidal exchange will be achieved by reconstructing the Chequessett Neck Road Dike (figure 2),
which separates the Herring River estuary from Wellfleet Harbor and Cape Cod Bay, and by building a
new dike to control tides in the Mill Creek sub-basin . Tidal exchange would be increased incrementally,
over time, using an adaptive management approach. While the ecological goal is to restore the natural
tidal range in as much of the Herring River floodplain as possible, flooding in certain areas must be
controlled to protect existing land uses.
Historically, the Herring River was the largest tidal estuary complex on the Outer Cape and included
about 1,100 acres of salt marsh, intertidal flats, and open-water habitats (HRTC 2007). In 1909, the Town
of Wellfleet constructed the Chequessett Neck Road Dike (figure 2) at the mouth of the Herring River to
reduce the presence of salt marsh mosquitoes. The dike restricted tides in the Herring River from
approximately 10 feet on the downstream harbor side to about 2 feet upstream of the dike (figure 3).
By the mid-1930s, the Herring River, now flowing with freshwater, was channelized and straightened.
Between 1929 and 1933, developers associated with the Chequessett Yacht and Country Club (CYCC)
constructed a nine-hole golf course in the adjoining Mill Creek floodplain. Several homes were also built
at low elevations in the floodplain.
By the 1960s, the dike tide gates had rusted open, increasing tidal range and salinity in the lower Herring
River. This caused periodic flooding of the CYCC golf course and other private properties. In 1973, the
Town of Wellfleet required that the dike be repaired to accommodate anadromous fish passage. As a
result, the Massachusetts Department of Public Works rebuilt the dike in 1974 (HRTC 2007). Following
reconstruction, tide height monitoring showed that the new tide gate opening was too small to achieve the
required tide heights. In 1977, control of the dike was transferred to the Massachusetts Department of
Environmental Protection (MassDEP) so that increased tidal flow could be attained in the interest of
restoration (HRTC 2007).
In 1980, a large die-off of American eel (Anguilla rostrata) and other fish drew attention to the poor water
quality in the Herring River. The Massachusetts Division of Marine Fisheries and NPS identified the
cause of the fish kill as high acidity and aluminum toxicity resulting from diking and marsh drainage
(Soukup and Portnoy 1986). The tide gate opening was increased to 20 inches in 1983. That year,
Seashore scientists documented summertime dissolved oxygen depletions and river herring (Alosa spp.)
kills for the first time (Portnoy 1991). The NPS then implemented measures to protect river herring by
blocking their emigration from upstream ponds to prevent the fish from entering anoxic waters (HRTC
2007).
Concerns about flooding of private properties and increased mosquito populations prevented the town
from opening the tide gate further. NPS mosquito breeding research conducted from 1981 to 1984 found
that mosquitoes, Aedes cantator and Ae. canadensis, were breeding abundantly in the Herring River.
However, estuarine fish, important mosquito predators, could not access breeding areas because of low
tidal range, low salinity, and high acidity (Portnoy 1984). In 1984, the town increased the sluice gate
opening to 24 inches, where it has since remained (HRTC 2007).
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FIGURE 2: CHEQUESSETT NECK ROAD DIKE

In 1985, the Massachusetts Division of Marine Fisheries classified shellfish beds in the river mouth as
“prohibited” due to fecal coliform contamination. In 2003, water quality problems caused MassDEP to
list Herring River as “impaired” under the federal Clean Water Act Section 303(d) for low pH and high
metal concentrations. More recently, NPS researchers identified bacterial contamination as another result
of restricted tidal flow and reduced salinity (Portnoy and Allen 2006).
Concentrations of nitrogen and phosphorus in the sediments of Herring River have remained high.
Although there is no documentation of specific anthropogenic or natural inputs, potential sources of
excessive nutrients in the watershed include agriculture, fertilized lawns, CYCC golf course, the nearby
Coles Neck landfill, leaking septic systems, animal waste, and atmospheric deposition. The lack of tidal
flushing has allowed nutrients to accumulate in the Herring River. In a normally functioning estuary,
nutrients would be diluted and flushed out of the system with each tide cycle.
In addition, pesticides have likely been used throughout the Herring River watershed, including long-term
use for mosquito control. Pesticide concentrations (dichloro-diphenyl-trichloroethane (DDT) and dieldrin)
measured in the Herring River sediments downstream of the dike in 1969 (Curley et al. 1972) were found
to be elevated, exceeding National Oceanic and Atmospheric Administration (NOAA) guideline values
(Buchman 2008). However, samples analyzed for organics (including pesticides) from the Wellfleet
Harbor by Hyland and Costa (1995) did not exceed NOAA guideline values. Quinn et al. (2001) analyzed
the upper 2 cm of the marsh sediments at four stations upstream and downstream of the Chequessett Neck
Road Dike for polychlorinated biphenyls (PCBs), DDT, total petroleum hydrocarbons (TPH), and
polycyclic aromatic hydrocarbons (PAHs). PAHs were found to be below NOAA’s effects range low
(ERL) guideline values while PCBs and DDT were found to be above NOAA’s ERL guidelines.
Because tidal restrictions radically affect the process of sedimentation on the salt marsh, much of the
diked Herring River floodplain has subsided up to three feet (Portnoy and Giblin 1997a). Coastal marshes
must increase in elevation at a rate equal to or greater than the rate of sea-level rise in order to persist.
This increase in elevation (accretion) depends on several processes, including transport of sediment and
its deposition onto the marsh surface during high tides. This sediment transport must occur to promote the
growth of salt marsh vegetation and gradually increase the elevation of the marsh surface. Diking has
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Coastal Storm Surge

Source: The Louis Berger Group, Inc., 2012.

FIGURE 3. CURRENT LEVEL OF TIDAL INUNDATION IN THE HERRING RIVER FLOODPLAIN
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effectively blocked sediment from reaching the Herring River floodplain. In addition, drainage has
increased the rate of organic peat decomposition by aerating the sediment and caused sediment pore
spaces to collapse. These processes have contributed to severe historic and continuing subsidence in the
Herring River’s diked wetlands.

3. STUDY AREA AND METHODS
The geographic study area for this Statement of Findings is the Herring River estuary on Massachusetts’
Cape Cod. The majority of the river’s floodplain (approximately 80 percent) is within the boundary of
Cape Cod National Seashore. The river itself extends from Wellfleet Harbor northeast for just under four
miles to Herring Pond in north Wellfleet. The river system, generally defined by the landward limit of the
historic floodplain of the river and its tributaries, encompasses approximately 1,100 acres.
In addition to the Herring River’s upper, middle, and lower basins, the restoration project area is
composed of important stream sub-basins (table 1 and figure 4). Each basin is distinct physically,
chemically, and biologically, because of its elevation and distance from the Herring River and Wellfleet
Harbor. Therefore, tidal restoration will influence each basin to a different degree.
TABLE 1. DESCRIPTION OF SUB-BASINS WITHIN HERRING RIVER RESTORATION AREA
Sub-Basin
Name

Location and Acreage

Current Vegetation Type(s)

Herring
River Basin

Approximately 396 acres are divided into three
separate hydrologic units: Lower Herring River,
Mid Herring River, and Upper Herring River.

The only remaining salt marsh in the Herring
River system, approximately seven acres in
size, is located just upstream of the dike in the
Lower Herring River. The remaining sub-basin
is dominated by non-native common reed
(Phragmites australis) and freshwater wetland
and upland species.

Mill Creek

This 80-acre sub-basin forms the southeastern
portion of the project area, lying just upstream
and east of the Chequessett Neck Road Dike.

Phragmites marsh and disturbed wooded
wetland habitat cover much of the Mill Creek
sub-basin. In the 100 years since the Herring
River Dike was constructed, the CYCC and
several private residences have been
developed in the Mill Creek floodplain.

Pole Dike
Creek

This sub-basin forms the east central portion of
the project area, encompasses approximately
288 acres, and consists of two hydrologic units:
Lower Pole Dike Creek and Upper Pole Dike
Creek.

The sub-basin is dominated by mixed
freshwater marsh. Private properties have
been more intensely developed around the
Upper Pole Dike Creek wetlands than in other
Herring River sub-basins.

Duck Harbor

This 131-acre sub-basin basin extends west from
the main stem of the Herring River to the Duck
Harbor barrier beach.

Dry deciduous woodlands are typical in the
eastern portion, while freshwater wetland
shrubs dominate in the lower, wetter, western
portion, except where the basin rises up to the
barrier beach.

Today, Duck Harbor is separated from Cape Cod
Bay by a vegetated duneline. Historic maps show
a tidal channel connecting it to the bay as
recently as 1848 (Tyler 1922).
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Sub-Basin
Name

Location and Acreage

Current Vegetation Type(s)

Bound
Brook

This 234-acre wetland extends to the north and
west of Herring River above Old County Road.
Consists of two hydrologic units: Lower Bound
Brook and Upper Bound Brook.

Due to generally low elevations, the peat has
remained saturated, albeit fresh, and the
dominant vegetation is wetland shrubs and
cattail.

Today, Bound Brook is separated from Cape Cod
Bay by a vegetated duneline. In the past, Bound
Brook Basin was likely an estuary with a tidal
connection to Cape Cod Bay.

Use of Hydrodynamic Modeling to Describe Existing Conditions and Expected
Changes
The Woods Hole Group developed a hydrodynamic model simulating the complexities of the Herring
River system (WHG 2012). The model allows for the evaluation of specific questions regarding potential
change to surface water elevations, flow velocities, salinity changes, and sediment processes in the
estuary. Specifically, the numerical modeling has been used to evaluate the goals of the proposed project.
Some of the modeling objectives include:


Prediction of restored water surface elevations and salinities;



Estimation of hydroperiod and wetting/drying of marsh surfaces;



Assessment of potential change in the velocities and sedimentation patterns in the project area;
and



Assessment of impacts to low-lying properties and infrastructure.

Information regarding and results of the modeling process can be found in appendix B to the final
EIS/EIR (WHG 2012).

4. DESCRIPTION OF WETLANDS IN THE PROJECT AREA
In order to achieve compliance with EO 11990, parks are directed to use the "Classification of Wetlands
and Deepwater Habitats of the United States" (FWS/OBS-79/31; Cowardin et al. 1979) as the standard for
defining, classifying, and inventorying wetlands. As a former extensive tidal marsh, the project area is
currently comprised primarily of Palustrine (freshwater) wetlands with a smaller amount of remnant
Estuarine (saltwater) in the lower sub-basins. Estuarine systems are those in which salinities during the
period of average annual low flow exceeds 0.5 ppt (Cowardin et al. 1979). The project area also includes
smaller areas of natural dune overwash onto former wetlands and developed areas (primarily golf course
fairways on hydric soil).
Reduced salinity and marsh drainage have had a gradual but dramatic impact on the species composition
of the Herring River salt marsh plant communities. Salt marsh plants, including salt marsh cordgrass
(Spartina alterniflora), salt meadow cordgrass (S. patens), and salt meadow rush (Juncus gerardii) were
denied their competitive edge over freshwater wetland species, such as cattail (Typha spp.). Cattaildominated plant communities gradually replaced salt marsh vegetation. By the 1960s, continued drainage
allowed upland grasses, forbs, and trees to replace cattails (Portnoy and Soukup 1982). Black cherry
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FIGURE 4: HERRING RIVER SUB-BASIN M AP
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(Prunus serotina) and pitch pine (Pinus rigida) are now dominant in areas that were once naturally
occurring salt marsh habitats. By the 1970s, much of the original Herring River had developed into forest
and shrublands dominated by opportunistic upland species (Portnoy and Soukup 1982). At the same time,
large portions of the original sub-tidal and intertidal substrates between the dike and High Toss Road had
converted to monotypic stands of common reed (Phragmites australis).
No formal wetland delineation has been undertaken for the project area. However, the Seashore has
vegetation cover type mapping for the project area. Table 2 and figure 5 summarize existing vegetation
types and classifications in the Herring River restoration area.
TABLE 2: EXISTING VEGETATION COVER TYPES WITHIN THE HERRING RIVER ESTUARY

FEIS Vegetation Analysis Cover Types
Wet deciduous forest
Dry deciduous forest
Pine woodland
Dry deciduous woodland
Total PFO
Wet shrubland
Dry shrubland
Total PSS
Old field herbaceous mix
Freshwater marsh (non-tidal)
Freshwater marsh (tidal)
Total PEM
Brackish marsh (tidal)
Salt marsh (tidal)
Total E2EM1

NWI Cover Types

PFO

PSS

PEM

E2EM1

Total All Wetland Classes
Water (tidal)
Total E1AB
Heathland
Dune grassland
Developed
Total UPL

Existing Acreage
75
7
26
231
339
288
1
289
18
172
0
190
36
13
49

867
E1AB

UPL

94
94
20
1
24
45

Total All Non-Wetland Classes

139

Project Area Total Acres

1006
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Source: The Louis Berger Group, Inc., 2012.

FIGURE 5: EXISTING VEGETATION COVER TYPES USING 2007 NPS VEGETATION M APPING DATA
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5. DESCRIPTION OF FLOODPLAINS IN THE PROJECT AREA
The presence of the Chequessett Neck Road Dike has dramatically reduced floodplain functions in the
1,100 acre estuary. While the normal tidal range in Wellfleet Harbor just seaward of the dike is nine feet,
the existing tidal range in the Herring River above the dike is only about two feet. As a result, seawater
only reaches approximately 3,000 feet upstream of the dike. For many years, therefore, the estuary has not
been exposed to extreme high water caused by Nor’easters or other major storms coinciding with high
tide. By eliminating flooding, the diking and drainage of the Herring River floodplain allowed land uses
and development of the former salt marsh and adjacent areas.
A total of 368 properties lie partially or fully within Herring River floodplain. These properties include
private and municipal parcels; parcels owned by non-profit organizations; non-federal conservation land
parcels; residential and commercial parcels (Town of Wellfleet 2009). In total, these parcels cover
approximately 354 acres of land within the Herring River floodplain. Several dozen of these properties
could potentially be affected by restored tidal exchange to some degree. The largest of these is the
CYCC. Most of the other potentially affected properties are residential parcels within the Mill Creek and
Upper Pole Dike Creek sub-basins. See page 32, Impacts to Floodplains for a complete discussion.
Figure 6 identifies both NPS and non-NPS parcels within the floodplain.

6. ALTERNATIVES ANALYZED
Alternative A: No Action – Retain Existing Tidal Control Structure at
Chequessett Neck
Under alternative A, no action means that the existing 18-foot-wide structure composed of two flap gates
and an adjustable tide gate would remain in place (shown in figure 3), and no tidal restoration would
occur. Although no physical changes would be made, it is important to emphasize that “no action” is not a
steady state from an environmental perspective. Physical factors acting on the dike will continue and the
tide gates will entail maintenance costs during the next several years. Additionally, ecological conditions
with the Herring River would continue to be affected by tidal restriction.

Alternative B: New Tidal Control Structure at Chequessett Neck – No Dike at
Mill Creek
Under Alternative B, a box beam bridge/dike structure with a total opening width of 165 feet spanned by
a series of adjustable and removable tide gates would be installed in the Chequessett Neck Road Dike to
allow passage of Wellfleet Harbor tides (common to all action alternatives). The tide gates would be
opened gradually and according to guidelines set forth in the Adaptive Management Plan with an
objective to ultimately reach a mean high spring tide of 4.8 1 feet and a coastal storm driven tide of 6.0
feet in the Lower Herring River. These elevations reflect the maximum restoration possible without
installing a secondary tidal control structure at Mill Creek and are based on the feasibility of addressing
flood impacts within the Mill Creek sub-basin. Hydrodynamic modeling has demonstrated that a vertical
tide gate opening of approximately three feet across the 165-foot culvert structure would result in this
tidal regime. Tides in the upstream sub-basins would be lower because of natural tide attenuation.
1

All tidal elevations cited are referenced to the North American Vertical Datum of 1988 (NAVD88), which in
Wellfleet Harbor is approximately 0.3 feet above mean sea level and 5.2 feet above mean low water.
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FIGURE 6: LOW-LYING PROPERTIES IN THE HISTORIC HERRING RIVER FLOODPLAIN
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This alternative would not require the construction of a dike at Mill Creek. Flood-proofing actions
undertaken for the CYCC golf course and other low-lying properties would be designed to accommodate
coastal storm driven tidal flooding up to 5.9 feet within the Mill Creek sub-basin and 5.3 feet in the Upper
Pole Dike Creek sub-basin. The exact final maximum high tide elevations would be determined through
the adaptive management process, but would not exceed these elevations.
Alternative B would also forego the ability to pursue higher inundation levels in the estuary as part of an
adaptive management process. This would limit both horizontal effects (restored acreage) and vertical
effects (restored elevation of the salt marsh surface) of tidal restoration.

Alternative C: New Tidal Control Structure at Chequessett Neck – Dike at Mill
Creek that Excludes Tidal Flow
Similar to the other action alternatives, tide gates at a rebuilt Chequessett Neck Road Dike would be
opened gradually and in accordance to guidelines set forth in the Adaptive Management Plan. The
objective for alternative C would be to fully open the gates to allow mean high water spring tides up to
5.6 feet and coastal storm driven tides up to 7.5 feet in the Lower Herring River. These elevations reflect
the maximum restoration feasible for most of the Herring River floodplain; however, a tidal exclusion
dike would need to be constructed at the mouth of Mill Creek in order to avoid flood impacts to low-lying
private properties. Tides in the upstream sub-basins would be lower because of natural tide attenuation.
Mitigation actions undertaken throughout the remainder of the Herring River estuary would be designed
to accommodate flooding up to these maximum tidal elevations.

7. PREFERRED ALTERNATIVE
Alternative D, the Preferred Alternative: New Tidal Control Structure at
Chequessett Neck – Dike at Mill Creek that Partially Restores Tidal Flow
Tide elevations in the project area would reflect the maximum restoration possible for the majority of the
Herring River floodplain (see table 3 in section 9, Impacts to Wetlands). The Chequessett Neck Road
Dike would be reconstructed with a 165-foot tide gate opening that would be opened gradually and
according to guidelines set forth in the Adaptive Management Plan. The objective of alternative D is to
fully open the gates to allow mean high water spring tides up to 5.6 feet and coastal storm driven tides up
to 7.5 feet in the Lower Herring River (see figure 7). Tides in the upstream sub-basins would be lower
because of natural tide attenuation. With the exception of Mill Creek, mitigation measures undertaken
throughout the estuary would be designed to accommodate flooding up to these maximum tidal
elevations. Two options are possible under alternative D; Mill Creek option 1 would relocate portions of
multiple low-lying golf holes to upland areas currently owned by the CYCC or, Mill Creek option 2
which would elevate the affected areas in place by filling and regrading. A new dike at the mouth of Mill
Creek would be constructed to partially restore tidal flow to the sub-basin. Tidal flows would be
controlled at this location using a combination tide gate to ensure mean high water spring tides to a
maximum of 4.7 feet and coastal storm driven events to a maximum of 5.9 feet in Mill Creek. Floodproofing measures would be required for Mill Creek (e.g., golf course and private dwelling floodproofing and well relocation). Alternative D, with Mill Creek option 2, which elevates the fairways and
practice area at the CYCC, is the preferred alternative.
All of the action alternatives would require reconstruction of the Chequessett Neck Road dike to allow for
flood control and incremental tide restoration. Alternatives C and D also require a new Mill Creek Dike.
There is no practical alternative to these dikes if the predicted increase in wetland acreage and wetlands
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function is to be achieved. The Preferred Alternative in particular achieves the greatest wetland
restoration benefits relative to the direct wetland losses from dike construction and reconstruction.

Incremental Tidal Restoration and Adaptive Management
Reintroduction of tidal exchange would occur in phases over several years. Gradual opening of adjustable
sluice gates would incrementally increase the tidal range and allow for monitoring so that unexpected
and/or undesirable responses could be detected and appropriate response actions taken. Details of this
process are described in appendix C of the final EIS/EIR.
The increased tidal exchange between the Herring River estuary and Wellfleet Harbor would change
many characteristics of the floodplain. One of the most noticeable and desirable changes would be to the
composition of plant communities. There would be a transition from one set of plant community types to
another as changes occur to environmental parameters, such as tidal inundation, tide frequency, soil
saturation, and most notably salinity. Management of floodplain vegetation would have the following
objectives:


Encourage re-establishment of Spartina-dominant marsh;



Remove woody debris that might impede fish passage; and



Remove large trees that would otherwise die, topple, and leave holes on the wetland surface
where mosquitoes might breed.

Vegetation management activities would consist of cutting of the vegetation and processing and removal
of the biomass that has been cut. Cutting would be accomplished with tools such as hand-held loppers,
chain saws, mowers, brush hogs, or larger, wheeled or treaded machines that cut and chip. Removal
would be accomplished by the sale of cut hardwood, removal of wood chips, and burning brush and
branches.

Low-lying Roads and Culverts
Several segments of Pole Dike, Bound Brook Island, and Old County Roads where they cross the main
Herring River and tributary streams are vulnerable to high tide flooding under the proposed restoration
(ENSR 2007). To prevent this, road surfaces and culverts would need to be elevated or relocated. An
adjustable flap gate would also be installed at Pole Dike Creek Road to provide flood protection for low
lying properties in that basin, if necessary. Preliminary engineering analysis shows that approximately
8,000 linear feet of road should be elevated to a minimum grade of 5.5 feet. Elevating these roads would
also require widening the road bases and increasing culvert sizes, which would result in limited direct
wetland losses (see Table 6). A second option for these road segments would be to relocate the alignment
onto a nearby former railroad right-of-way. Preliminary engineering analysis shows this to be feasible
with lower costs. Additional engineering studies and traffic analyses are needed to fully evaluate both of
these options (CLE 2011) and how they impact wetlands.
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FIGURE 7. EXTENT OF TIDAL INUNDATION UNDER THE PREFERRED ALTERNATIVE
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Restoration of Tidal Channel and Marsh Surface Elevation
Several actions would be necessary to reverse other alterations of the system’s topography, bathymetry,
and drainage capacity. Diking and drainage have caused subsidence of the former salt marsh by up to
three feet, reaches of the river have been channelized and straightened, mosquito ditches have been
created, and spoil berms have been left along creek banks (HRTC 2007). These factors could limit or
delay progress toward meeting the project objectives by inhibiting circulation of salt water, preventing
recolonization of salt marsh vegetation, ponding fresh water, and expanding nuisance mosquito breeding
habitat.
Several supplementary habitat management actions would be considered to address these issues. These
actions and the conditions under which they would be employed are described and analyzed in detail in
appendix C of the final EIS/EIR. In summary, potential actions include but are not limited to:


Dredging of accumulated sediment to establish a natural bottom of the Herring River channel at
the appropriate depth to maximize ebb tide drainage;



Creation of small channels and ditches to improve tidal circulation;



Restoring natural channel sinuosity;



Removing lateral ditch dredge spoil berms and other anthropogenic material on the marsh surface
to facilitate drainage of ponded water; and



Applying a thin layer of dredged material to build up subsided marsh surfaces.

8. IMPACTS TO WETLANDS
Long-Term Impacts to Wetland Habitat and Vegetation
Restoration of the Herring River floodplain would result in the widespread change from degraded
primarily freshwater (Palustrine) wetlands to Estuarine sub-tidal and inter-tidal habitats. Restored intertidal habitat subjected to higher salinity waters, generally 18 parts per thousand and higher, is expected to
transition to salt marsh (E2EM1). However, lower salinities would likely occur on the periphery of the
project area and in the upper reaches of many sub-basins where brackish (also E2EM1) and freshwater
plants (Palustrine marsh, shrub swamp and forested wetland) are expected to persist. While changes in
higher salinity areas are relatively clear and predictable, vegetation changes in restored inter-tidal areas
with lower salinity are less certain and difficult to quantify.
To evaluate the changes in vegetation resulting from each of the action alternatives, the modeled areal
extent of the mean high water spring tide was used to estimate the total area of restored inter-tidal habitat.
The area of existing vegetation cover types affected up to the mean high water spring tide line for each
alternative are summarized in table 3. In addition, a relatively small area of wetland-to-upland transitional
habitat along the periphery of the mean high water spring tide line would be affected by AHW (the
highest tide within a given year). Some vegetation change would be expected in these areas depending on
the species present and the exact frequency and duration of tidal influence. The area encompassing the
predicted limits of the mean high water spring tide line is greatest for the preferred alternative (alternative
D). Table 3: Area of Existing Wetland Habitat and Vegetation Cover Types Affected by Mean High
Water Spring Tide (Preferred Alternative)
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TABLE 3: AREA OF EXISTING COVER TYPES AND FUTURE COVER TYPES UNDER THE PREFERRED ALTERNATIVE

FEIS Vegetation Analysis Cover
Types

NWI
Cover
Types

Existing
Acreage

Alternative
D* Acreage

75
7
26
231
339
288
1

0
0
2
0
2
67
0

289

67

18
172
0

0
57
99

Total PEM

190

156

Brackish marsh (tidal)
Salt marsh (tidal)

36
13

98
585

49

683

867

908

94
94
20
1
24
45

86
86
0
0
12
12

Total All Non-Wetland Classes

139

98

Project Area Total Acres
* Alt. D = “Preferred Alternative”

1006

1006

Wet deciduous forest
Dry deciduous forest
Pine woodland
Dry deciduous woodland
Total PFO
Wet shrubland
Dry shrubland

PFO

PSS

Total PSS
Old field herbaceous mix
Freshwater marsh (non-tidal)
Freshwater marsh (tidal)

PEM

E2EM1
Total E2EM1

Total All Wetland Classes
Water (tidal)
Total E1AB
Heathland
Dune grassland
Developed
Total UPL

E1AB

UPL

Notes

Of 339 acres of PFO, 337 acres
will be converted to E2EM1 and 2
acres will remain unchanged
Of 289 acres of PSS, 195 acres will
be converted to E2EM1, 27 acres
to PEM, and 67 acres will remain
unchanged
Of 190 acres of PEM, 61 acres will
be converted to E2EM1, 30 acres
will remain unchanged, and 27
acres of PSS will be converted to
PEM.
E2EM1 will expand from 49 acres
to 683 acres (salt and brackish
tidal wetlands) through
conversion from PFO (337 acres),
PSS (195 acres), PEM (61 acres),
E1AB (8 acres), and UPL (33
acres).

41 acre increase in all wetland
classes
Of 94 acres of E1AB, 8 acres will
be converted to E2EM1.
Of 45 acres of UPL, including 12
acres now developed as golf
course, 33 acres will be converted
to E2EM1.

Under all of the action alternatives, there would be extensive vegetation change within the Lower Herring
River sub-basins. Over the long term, mean high spring tides with relatively high salinity levels would
affect the existing freshwater and brackish marsh, woodland, and shrubland plant communities that have
replaced the historic salt marsh habitats (see figure 7). This area would largely be restored to low and high
salt marsh vegetative communities but would also include sub-tidal and inter-tidal channel habitats. The
lowest of these areas would lie below mean low water if the current topography remains unchanged.
However, sediment transport modeling indicates that these severely subsided areas are expected to receive
large volumes of sediment as higher tides are incrementally restored. In the long term, these areas are
anticipated to accrete and support salt marsh vegetation as the marsh surface reaches equilibrium with a
restored tidal regime. A smaller portion of transitional habitat along the periphery of the sub-basins would
be affected by annual high water. Some vegetation change would be expected in these areas depending on
the species present and the exact frequency and duration of tidal influence.
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Vegetation changes in the upper sub-basins would be limited in comparison to the lower sub-basins.
Although most of these areas are thought to have been historically dominated by salt marsh vegetation,
the relatively low mean high spring tidal elevations achieved by all the alternatives would not allow salt
water to regularly propagate into these basins and salinity levels within both the channel and on the marsh
surface are predicted to remain low (see figure 7). Although no salt marsh or brackish species likely
would colonize the marsh surface under these conditions, pulses of tidally forced freshwater would favor
the displacement of upland woodland species with vegetation more characteristic of a Palustrine wetland.
The transitional habitat (extending up to annual high water) along the periphery of these upper basins
would be expected to experience less habitat change as compared to the lower basins. Figure 8 illustrates
the anticipated wetland changes based upon the predicted extent of Mean High Water Spring.

Potential Changes in the Distribution of Phragmites
Intermediate salinity levels, between approximately 5 ppt and 18 ppt, could make some areas suitable for
non-native common reed (Phragmites australis), particularly in the Bound Brook and the Upper Herring
River sub-basins. Herbicide application would likely be used to reduce coverage of Phragmites prior to
tidal restoration. As tidal exchange is restored, monitoring would be conducted to track vegetation change
throughout the system. If Phragmites is observed to be expanding its range or colonizing new areas,
management actions, including herbicide application, mechanical control, or hydrological (increased
inundation and salinity) alterations could be implemented to limit or control its spread.

Woody Vegetation on the Floodplain
Mortality of approximately 559 acres of shrubland/woodland vegetation is anticipated. Large volumes of
standing dead and fallen woody debris may be undesirable because it could obstruct formation of tidal
channels and delay the establishment of marsh grasses by decreasing seed dispersal and germination.
Options for woody vegetation management include removal through cutting, chipping, and/or burning as
well as processing the cut biomass (harvest for firewood or wood chips and burning brush and branches).
A future vegetation management program would require the concurrence of landowners (both private and
public) as well as regulatory agencies. The types of mechanized equipment allowed in the project area
and time-of-year restrictions will be defined based on early findings of the Adaptive Management Plan.

Impacts to Water and Sediment Quality
Restored tidal flushing is expected to reduce acidification, nutrient and fecal coliform concentrations and
increase levels of dissolved oxygen in much of the project area. Tidal inundation would decrease the rate
of aerobic decomposition and acid production within the soil while the pH of porewater and surface water
would increase (Portnoy and Giblin 1997a). With restored salinities, aluminum and iron could no longer
be leached from the soil in concentrations that stress aquatic life.
Tidewater residence times upstream of High Toss Road would be reduced by at least a factor of 25 (from
200 days under current conditions to 6 days after restoration flows are established) (see table 4). Regular
tidal flushing of the Herring River estuary with well-oxygenated water from Wellfleet Harbor is expected
to maintain dissolved oxygen concentrations above state water quality standards at all times. Adequate
dissolved oxygen concentrations are expected to benefit migratory diadromous fish as well as resident
fish and invertebrates.
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FIGURE 8: RESTORED INTERTIDAL HABITAT COMPARED TO CURRENT VEGETATION COMMUNITIES
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TABLE 4: MODEL CALCULATED SYSTEM RESIDENCE TIMES* OF THE HERRING RIVER ESTUARY

Alternatives

Residence Time
(days)

Mill Creek with
Wellfleet Harbor

No Action

523

D**

17.7

Sub-Basins above
High Toss Road with
Wellfleet Harbor

No Action

200

D**

6

Basin /Sub-basin

Improved Flushing
over Existing
Conditions

97%

97%

Source; Woods Hole Group, 2011.
* System residence time is a measure of tidal exchange from a given sub-basin with Wellfleet
Harbor
** Residence Times are identical for alternatives C and D; however, alternative C does not include
tidal flushing in Mill Creek which would result in change from existing conditions.

During restoration, a tidal channel system would likely be re-established. Sediment would be mobilized in
response to the increased volume of tidal exchange. Mobilized sediment is expected to mostly be
transported upgradient onto the marsh surface and partially downgradient toward Wellfleet Harbor.
Potential impacts on the aquatic ecosystem from chemicals bound to mobilized sediments will be
assessed once background levels of pesticide have been determined by ongoing efforts of the Seashore.
Fecal coliform concentrations would be substantially reduced by increased flushing rates (residence time
would be decreased). Additionally, the survival time of fecal coliform bacteria would be reduced by
higher salinity (e.g., Bordalo et al. 2002) as well as by higher dissolved oxygen and lower water
temperature. Greatly reduced fecal coliform concentrations within Herring River and Wellfleet Harbor
would likely allow for the removal of the river from the 303(d) list for impairment of pathogens
increasing the potential for additional areas of shellfish beds to be reopened for harvesting.

Potential Short-Term Adverse Effects on Water and Sediment Quality
The long-term water and sediment quality changes resulting from tidal restoration in the Herring River
would generally be positive and are integral to achieving the ecological objectives of the proposed
project. However, several potentially adverse short-term effects to water and sediment quality may occur
during restoration or may persist in spite of restoration. These potential adverse impacts will be subjects
of long-term monitoring. These include:


Continued low dissolved oxygen concentrations – Summertime dissolved oxygen levels could
remain low in ponded areas until a tidal channel system becomes established. Targeted
excavation of silted-in channels could be used to increase circulation and promote low-tide
drainage.



Temporary excessive release of nutrients – Renewed tidal flushing of acid sulfate soils would
allow ammonium-nitrogen to be released into receiving waters in the short term (Portnoy and
Giblin 1997a). Gradual reintroduction of tidal exchange should allow ammonium-nitrogen to be
slowly released (Portnoy 1999). The increase in nutrient concentrations would likely be of
relatively short duration. Wellfleet Harbor is open to Cape Cod Bay and is well-flushed, which
limits the potential effects of temporary nutrient loading.



Increased turbidity – Sediment and soil could be mobilized during the reconstruction of the dike
and in other areas of construction, potentially resulting in short-term, local increases in turbidity
in adjacent water bodies. BMPs would be required and would include erosion control measures as
well as maintenance of the current rate of tidal exchange through the dike.
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9.



Elevated fecal coliform concentrations – Elevated bacteria concentrations could persist in
upstream reaches of the system, especially after rainstorms. Increasing salinity and flushing will
reduce bacteria survival time and density prior to discharge into Wellfleet Harbor. Fecal coliform
would continue to be monitored during the restoration process, particularly after rainstorms.



Porewater sulfide concentrations depress salt marsh plant colonization and growth – Flooding of
the lowest organic sediments with seawater could result in elevated porewater sulfide, especially
in areas with poor low-tide drainage. Porewater sulfide levels and salt marsh plant colonization
will be monitored in these low areas. As part of the Adaptive Management Plan, some channel
excavation may be required to improve low-tide drainage and, consequently, peat aeration and
sulfide oxidation.

IMPACTS TO WETLAND FUNCTIONS AND VALUES

The United States Army Corps of Engineers (USACE) New England Division method for assessing
wetland functions and values (The Highway Methodology Workbook Supplement, Wetland Functions
and Values - a Descriptive Approach, USACE NED, 1999) considers eight wetland functions and five
wetland values as part of a Section 404 permit application. A functional assessment of the Herring River
wetland complex up gradient of the Chequessett Neck Road Dike was conducted. A comparison of the
functions and values provided by the Herring River wetland complex up gradient of the Chequessett Neck
Road Dike is discussed below.

Floodflow Alteration (Storage/Desynchronization)
Wetlands can be important in the storage and desynchronization of floodwaters, protecting downstream
resources from flood damage. Wetlands high in the watershed with constricted outlets or closed basins are
generally important in capturing and detaining floodwaters. Other wetland characteristics that contribute
to flood storage and desynchronization include broad floodplains and plant communities consisting of
low, dense vegetation. Under existing conditions, broad, relatively flat local topography, large size,
presence of ponded water, contiguous/branched channels, well vegetated floodplains, and numerous
constricted outlets all contribute to the wetland complex’s ability to retain floodwaters higher in the
watershed. These physical characteristics would remain relatively unchanged under the action
alternatives.
During coastal flooding events, any newly constructed dikes would continue to provide flood protection
by meeting the Federal Emergency Management Agency’s (FEMA) and other applicable agency
requirements for construction and height (including necessary freeboard). As a result, the project area
would be protected from extreme coastal floods. However with increased regular tidal exchange comes
the opportunity to provide this function during some lesser storm events.

Fish and Shellfish Habitat (Aquatic Diversity / Abundance)
Large wetlands contiguous to a large, perennial stream or waterbody capable of supporting large fish
and/or shellfish populations are important in providing Aquatic Diversity/Abundance. There are several
factors that affect this function under existing conditions including water quality impairments and
numerous barriers which limit fish movement. The restored estuarine waters and salt marsh would
provide substantially more spawning and nursery habitat for both resident and transient fish species as
well as for estuarine macroinvertebrates, greatly increasing their abundance and use of the estuary over
existing conditions. The new dike at Chequessett Neck Road would provide improved fish passage for all
fish including anadromous and catadromous species. Such changes coupled with improved water quality
and access to the head waters of the river would likely enhance the river’s herring run size and allow for
the possible reintroduction of sea-run brook trout into the Herring River estuary. With increased salinity
upstream of the dike, habitat for shellfish would also be enhanced.
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Sediment / Toxicant Retention (Pollutant Attenuation)
Typically wetland systems with permeable soils that detain storm and flood waters and promote
percolation reduce runoff rates sufficiently to allow sediments and adsorbed toxicants to settle from the
water column. Diffuse channels, deep pools, and dense low vegetation are wetland characteristics that
may also contribute to this process by slowing water velocities. While these characteristics are generally
present under existing conditions, the waters associated with the wetland system have a number of water
quality impairments. As mentioned above, restored tidal flushing is expected to reduce acidification,
reduce nutrient and fecal coliform concentrations, and increase levels of dissolved oxygen in much of the
project area. Tidal inundation is also expected to decrease the rate of aerobic decomposition and acid
production within the soil which in the past has led to fish kills attributed to high acidity and aluminum
toxicity.
The long-term water and sediment quality changes resulting from tidal restoration in the Herring River
are generally positive and integral to achieving the ecological objectives of the proposed project.
However, several potentially adverse effects on water and sediment quality are possible and, as such, will
be components of a long-term monitoring program. Components included in the long-term monitoring
program include but are not limited to:


Continued low dissolved oxygen concentrations – Summertime dissolved oxygen levels could
remain low in ponded areas until a tidal channel system becomes established. Targeted
excavation of silted-in channels could be used to increase circulation and promote low-tide
drainage.



Temporary excessive release of nutrients – Renewed tidal flushing of acid sulfate soils would
allow ammonium-nitrogen to be released into receiving waters in the short term (Portnoy and
Giblin 1997a). Gradual reintroduction of tidal exchange is expected to allow ammonium-nitrogen
to be slowly released (Portnoy 1999). Increased nutrient concentrations would likely be shortlived. Wellfleet Harbor is open to Cape Cod Bay and well-flushed, limiting the potential effects
of temporary increases in nutrient loading.



Elevated fecal coliform concentrations – Elevated bacteria concentrations could persist in
upstream reaches of the system, particularly after rainstorms. Increasing salinity and flushing will
reduce bacteria survival time and density prior to discharge into Wellfleet Harbor. Fecal coliform
will continue to be monitored during the restoration process, particularly after rainstorms.

Nutrient Removal / Retention / Transformation (Pollutant Attenuation)
Wetlands can serve as a filter for the removal or detention of nutrients carried in surface water flows.
Many wetland plants respond to high nutrient concentrations with accelerated uptake rates. Some
nutrients are assimilated in plant material while others are trapped in organic sediments in wetlands by
chemical, physical, and biotic actions. Typically wetlands designated as having nutrient removal
functions are identified by the presence of large areas of open or ponded water with dense emergent
vegetation (primarily PEM), meandering streams with slow water velocities, and contiguous/branched
channels. While these characteristics are generally present under existing conditions, the waters
associated with the former Herring River estuary have a number of water quality impairments. Renewed
tidal flushing of drained floodplain soils would allow nitrogen to be released into receiving waters in the
short term. Over the long term, water and sediment quality changes resulting from tidal restoration in the
Herring River are generally positive, integral to improving this wetland function, and the achievement of
the ecological objectives of the proposed project.

Wetlands and Floodplains Statement of Findings

26 of 36

Herring River Restoration Project

Production Export (Nutrient)
Production export is the production of organic material and its subsequent transport out of a wetland to
downstream areas or to deeper waters within the basin. This organic material is then added to the food
chain where it is eaten by fish and other aquatic organisms. Wetlands with dense vegetation dominated by
non-persistent emergent vegetation are important in supplying downstream wetlands with organic
material. Wetlands dominated by shallow marshes with a perennial stream flowing from them are most
important in providing production export. Wetlands designated as having production export functions are
classified by the presence of high densities and diversity of hydrophytic vegetation, abundant fish and
wildlife, and downstream/downgradient evidence of export. Under existing conditions, the function of
production export is limited by the Chequessett Neck Road Dike configuration.

Wildlife Habitat
Factors that contribute to the provision of important wildlife habitat include large, undisturbed wetlands;
the presence of shallow, permanent open water of good quality; proximity to undisturbed upland wildlife
habitat; a high degree of interspersion of vegetation classes; a high degree of species and structural
diversity within the vegetational community; high vegetation density; and the presence of wildlife food
plants. Wetlands that are contiguous to other wetland areas may serve as travel or migratory corridors for
wetland wildlife.
Even in its existing degraded state, the Herring River floodplain contains diverse habitats for a wide array
of bird, mammal, reptile, and amphibian species. However, not undertaking the proposed project would
result in the continued degradation of the Herring River estuary including continued encroachment of
invasive plant species; loss of native plant communities and wildlife habitats; adverse impacts to water
quality and associated effects to aquatic biota and associated water-dependent wildlife; and loss of natural
wildlife habitat functions provided by the estuary.
Several high priority salt marsh- and tidal creek-dependent avian species are anticipated to benefit directly
through restoration of nesting and/or foraging opportunities in the Herring River. Tidal restoration would
also restore wetland and open-water habitats for resident and migratory waterfowl and shorebirds.
Existing shrublands and woodlands dominated by upland vegetation, habitats widely used by generalist
resident and migrating passerine species, would be reduced and replaced by tidally influenced brackish
and freshwater marsh which would likely increase the amount and quality of habitat for wetland
dependent avian species. Generalist populations would persist in the abundant uplands surrounding the
project area and at the wetland/upland edge where some shrub thickets and relic tree stands would remain
as suitable habitat after restoration.
Similarly, it is anticipated that adequate habitat elements (e.g., suitable food, cover, and den sites) would
remain for most mammalian species as a result of tidal restoration. Initial restoration would result in
gradual flooding of existing habitat and landward migration of many mammalian species. Affected
species would likely readjust to the restored salt marsh system and shift their local range within and
adjacent to the river and its floodplain. Eventual habitats for voles, mice, and other rodents would be
expanded. As tidal restoration progresses, many mammals would continue to forage on the invertebrates,
fish, and marsh vegetation and would continue to use surrounding wooded uplands for den sites and
refugia. Increased tidal range and salinity coupled with restored marsh habitat may provide long-term
benefits with improved water quality, more abundant and diverse prey species, and a more open,
expansive habitat structure for mammals.
The Herring River floodplain also provides habitat for a variety of reptiles and amphibians such as
snapping and spotted turtles and northern water snake. These species generally inhabit the freshwater
areas upstream of High Toss Road but can also survive in brackish water and salt marsh habitats.
Amphibians, such as green and wood frogs, Fowlers toad, and spotted salamander, generally are not
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present within high salinity portions of coastal environments and are more commonly found in the upper
reaches of most sub-basins and in upland transitional habitats. Increases in tidal range and salinity
associated with restoration may, in the short term, limit and disrupt reptile and amphibian breeding,
foraging, and nesting in lower areas of the floodplain. However, these areas are less likely to be occupied
initially and restoration will proceed at a gradual pace, allowing any affected populations to relocate to
suitable habitat. In the long term, these populations are anticipated to shift and adjust their ranges with no
significant declines in species diversity or abundance.

Uniqueness / Heritage / Listed Species
The Uniqueness/Heritage function includes the consideration of science, the endangerment of the
wetland, and the importance of the wetland in the context of its local and regional environment. The
wetland may contain areas of archaeological, historical, or social significance or it may represent the last
fragment of its wetland type in an urbanized or agricultural environment. The presence of relatively
scarce wetland habitats or wetland species contributes to the Uniqueness/Heritage function provided by
the wetland. Areas containing Estimated Habitats of Rare Wildlife (Estimated Habitat) or Priority
Habitats of Rare Species (Priority Habitat) mapped by the Massachusetts Natural Heritage and
Endangered Species Program (NHESP) and/or federally-protected species confer a higher value in this
category.
The Herring River is the largest tidal river and estuary complex on the Outer Cape and for that reason
alone it is considered to provide this function. The restoration project as a whole would substantially
improve this function by returning this important coastal ecosystem to a self-sustaining estuarine
floodplain. With regard to listed species habitat, the restoration of tidal flow would increase salinity and
inundation, resulting in changes to vegetation and ultimately wildlife species and their habitats. Tidal
marsh restoration would likely allow for the recolonization of the protected diamondback terrapin in the
Herring River. Changes in vegetation types would reduce the value of the wetland system for species that
rely on habitats that are less salt-tolerant protected species, such as the Northern harrier, eastern box
turtle, and water willow stem borer.
Restoration of the Herring River estuary could impact pre-contact and post-contact archeological sites,
primarily associated with construction activities, as well as any other ground-disturbing activities,
including borrow or construction staging areas. Although there are no listed historic structures in the
Herring River estuary, a dike was located across Mill Creek near the confluence with the Herring River
likely as part of a historical gristmill. Some low-lying structures may need further evaluation for historic
significance. The precise location and extent of effects to archaeological sites cannot be fully identified at
this time, as the design process is still ongoing, and the locations of ground-disturbing activities are not
yet finalized. As these locations and actions are identified, potential impacts to archaeological sites will
be assessed and any effects would be resolved through implementation of the Programmatic Agreement
under Section 106 of the National Historic Preservation Act of 1966.

Recreation (Consumptive / Non Consumptive)
Wetlands designated as having recreational value are classified based on the suitability of the wetland and
associated watercourses to provide opportunities such as hiking, canoeing, boating, fishing, and hunting,
among others. Consumptive opportunities, such as fishing and hunting, consume or diminish the plants,
animals, and/or other resources that are intrinsic to the wetland. Non consumptive opportunities do not
diminish these resources of the wetland.
Numerous opportunities for public recreational activities, such as boating, fishing, and wildlife viewing,
currently exist in the Herring River estuary. There are many recreational access points within the estuary,
including parking areas, viewing locations, boat landings, and trailheads. Under the restoration project,
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this value would be enhanced through better access accommodations and improved habitat conditions.
Both shellfishing and finfishing are important recreational activities throughout Wellfleet and outer Cape
Cod and are an integral component of the region’s natural and cultural history. Removal of the tidal
restriction caused by the dike would dramatically improve habitat for the full range of fish species
formerly found in the estuary and provide a corresponding improvement to the recreational fishery.
Additionally, improvements to estuarine habitat and connectivity within Wellfleet Harbor would also
improve the near shore fishery in Cape Cod Bay. The proposed project is anticipated to provide long-term
benefits to shellfish populations and potentially provide increased opportunities for the harvesting of
shellfish.

10.SHORT AND LONG-TERM DIRECT ADVERSE IMPACTS TO
WETLANDS
Implementation of the preferred alternative includes construction of two dikes to control tidal exchange in
the Herring River floodplain, elevation or relocation of several road sections, installation of new culverts
at road crossings in upstream project areas, and relocation or filling in place portions of the CYCC golf
course. The various restoration actions would result in short-term impacts and, in some cases, include a
direct and permanent adverse impact to wetlands occurring within or adjacent to construction areas.
Construction activities would result in soil disturbance and loss of vegetative cover in the construction
area. Heavy equipment may also be used in management of large wood debris during the adaptive
management phase of the plan. This disturbance could lead to temporary adverse effects to water quality
during stormwater runoff events. However, best management practices (BMPs) would be implemented to
limit sediment movement and protect water quality. Areas of temporary disturbance, such as access roads
and equipment and material staging areas, would be returned to natural grade and seeded with native
vegetation.
Areas of disturbance that would persist after completion of the adaptive management phase include the
areas occupied by (footprint of) infrastructure. As demonstrated in table 6, the expected footprint of the
Chequessett Neck Road Dike, Mill Creek Dike, and road realignment actions (under alternative D) would
result in up to 12.1 acres of long-term vegetation/wetland disturbance. This represents approximately one
percent of the total restoration project area.
Secondary restoration actions are those needed to maximize the effects of restoring tidal flood beyond
rebuilding the Chequessett Neck Road Dike and increasing tidal range. They include but are not limited to
direct vegetation management, sediment management, channel improvements, and planting vegetation.
Specific impacts associated with any of these actions cannot be quantified but are expected to include
work within wetland areas to remove trees and shrubs, dredge and/or deposit sediment, excavate or fill
channels, and other actions to maximize tidal circulation and hasten the recovery of native estuarine
habitats. Some actions would include access for heavy equipment and similar wetland impacts. These
activities would be similar to those of many regional mosquito control programs implementing Open
Marsh Water Management or Integrated Mosquito Management in New England salt marshes.
Table 6 summarizes the predicted acreage of short-term and long-term direct impacts. For a discussion of
potential adverse effects on water and sediment quality, see page 22, Impacts to Water and Sediment
Quality.
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TABLE 5. SHORT AND LONG-TERM DIRECT WETLAND DISTURBANCE
Location

Short-term Disturbance

Long-term Disturbance

Note

Chequessett
Neck Road
Dike

2.40 acres

1.00 acre

Construction footprint for coffer dam,
dewatering, etc.

Up to 800 linear feet of intertidal
(E2UB/EM) and sub-tidal (E1UB)
habitat loss (estimate up to one acre).

Final dike
design will
determine total
acreage.

Mill Creek
Dike

2.40 acres

0.29 acres

Construction footprint for coffer dam,
dewatering, etc.

Up to 12,500 square feet of estuarine
(E2EM1) and palustrine (PEM/ PSS)
wetland loss.

High Toss
Road

0.50 acres

0.30 acres

Approximately 20 feet width of
disturbance along 1,000 foot length of
causeway.

Up to 13,000 square feet (0.30 acres)
palustrine wetland (PEM/ PSS) loss if
elevated; Up to 12,000 square feet
(0.28 acres) gain in estuarine wetland
(E2EM1) if removed.

Pole
Dike/Bound
Brook Island
Roads

2.85 acres

2.27 acres

Construction corridor of approximately
20 feet along 6,200 linear feet
adjacent to vegetated wetlands.

Up to 99,000 square feet (2.27 acres)
palustrine wetland (PEM/ PSS) loss to
elevate above coastal storm surge;
2,300 square feet (just over 0.05 acre)
lost to elevate to annual high water.

CYCC Golf
Course

8.25 acres

Residential
Flood Proofing

To be determined with input from
landowners, but could include fill,
berms, or walls. Assumed to be
negligible in terms of acreage.

Up to 360,000 square feet wetland
loss to elevate and flood proof golf
course. Most of this loss is existing
maintained golf course classed as
Palustrine wet meadow.

Secondary
Restoration
Actions

Specific impacts cannot be identified
or quantified at this time, but are
expected to include work within
wetland areas to remove trees and
shrubs, dredge and/or deposit
sediment, excavate or fill channels,
and other actions to maximize tidal
circulation and restoration; could
include access by heavy equipment
for some restoration actions.

Total
Disturbance
Area

8.2 acres

12.1 acres

Predicted temporary
vegetation/wetland disturbance.
Limited additional impacts will result
from vegetation removal, dredging,
sediment deposition, and other
secondary management actions
during adaptive management phase.

Predicted long-term deep water and
wetland disturbance for dike(s), road
elevation, or realignment, and culvert
installation.
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Final dike
design will
determine total
acreage..
Option to
elevate used for
acreage
estimate for all
alternatives.
Independent of
alternatives.
Option to
elevate above
coastal storm
surge used for
estimate.
Applies to
alternatives B
and D

Rounded to the
tenth of an acre.
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11. IMPACTS TO FLOODPLAINS
Although the proposed project would restore much of the natural tidal exchange water levels in the
Herring River floodplain, any newly constructed dikes would continue to provide flood protection by
meeting FEMA and other applicable agency requirements for construction and height, including
freeboard. As a result, the project area would be protected from extreme floods. However, with increased
regular tidal exchange comes an increase in inundation levels associated with unusual storms, which are
desirable from a restoration standpoint. Under the preferred alternative, a coastal storm driven event
would inundate up to an elevation of 7.5 feet in the Lower Herring River and 5.9 feet in the Mill Creek
sub-basin. Water levels in the upstream sub-basins would be lower because of natural tide attenuation.
Flood protection actions undertaken throughout the estuary would be designed to accommodate flooding
up to these maximum tidal elevations.

Chequessett Yacht and Country Club
Five CYCC fairways and the practice area would be impacted by tidal waters and require flood proofing
by elevating the low lying portions of the golf course. The current practice area would be restored to tidal
wetland. This would result in filling 360,000 square feet (8.25 acres).

Low-lying Residential Properties
Hydrodynamic modeling results, aerial photography, topographic and ground survey data, and property
records were used to compile a list of private properties within the project area potentially affected by
restoration activities. Impacts to properties were categorized based on the frequency of tidal water
reaching the property and the nature of the land or structures impacted, as summarized in table 5.
TABLE 6: LOW LYING PROPERTIES AFFECTED BY INCREASED TIDAL EXCHANGE
Impact Category

Number of
Properties Affected

Description of Effect

No Effect

169

Infrequent Effects on
Natural Vegetation

54

Natural vegetation affected by tides, on average, one time per year
or less frequently. Tidal influence would not be frequent enough to
convert the vegetation type to salt or brackish marsh.

Frequent Effects on
Natural Vegetation

8

Natural vegetation affected by daily high tides or monthly high
spring tides. This would stress and kill salt-intolerant species and
convert the area to salt or brackish marsh.

Both Frequent and
Infrequent Effects on
Natural Vegetation

83

Parcels contain areas both above and below mean high spring tide.
This would either temporarily or permanently stress salt-intolerant
species to some extent.

Infrequent Effects on
Cultivated Vegetation

1

Cultivated, landscaped vegetation affected, on average, one time
per year or less frequently. Some species could be temporarily
stressed, but would likely recover and persist.

Frequent Effects on
Cultivated Vegetation

0

Cultivated, landscaped vegetation (affected by daily high tides or
monthly high spring tides. This would occur frequently enough to
stress and kill salt-intolerant species and convert the area to salt or
brackish marsh.

Both Frequent and
Infrequent Effects on
Cultivated Vegetation

1

Parcels contain areas both above and below mean high spring tide.
This would either temporarily or permanently stress salt-intolerant
species to some extent.

Infrequent Effects on
Structures

9

Buildings, driveways, private lanes, wells, and septic systems
affected, on average, one time per year or less frequently. The
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Impact Category

Number of
Properties Affected

Description of Effect
potential for impacts would only occur during the highest predicted
tide of the year or during coastal storm events.

Frequent Effects on
Structures

11

Buildings, driveways, private lanes, wells, and septic systems
affected, on average, by daily high tides or up to monthly high
spring tides.

The NPS and HRRC are working with individual landowners to determine site-specific mitigation needs.
Specific measures have not been identified at this time and cannot be quantified. It is anticipated that
some of these actions would include the construction of small berms or walls, adding fill to a low area,
and relocating a well or septic system to higher ground. Implementation of any of these measures would
occur with close consultation of the landowners and would be subject to the regulatory review strategy
and the Adaptive Management Plan.

12. COMPLIANCE
Compliance with Section 404 off the Clean Water Act and Section 10 of the
Rivers and Harbors Act
Several components of the Herring River Restoration Project would include unavoidable impacts to
wetlands under federal jurisdiction, primarily by the discharge of fill into waters of the United States.
These actions include but are not limited to the reconstruction of the Chequessett Neck Road Dike,
potential construction of a dike at Mill Creek, work to elevate or otherwise flood-proof low-lying
roadways, and potentially fill low-lying areas of the CYCC golf course. Given the nature and extent of
these impacts to wetlands under USACE jurisdiction, it is anticipated that compliance under Section 404
and Section 10 would require the filing of an Individual Permit verses being eligible for review under a
Massachusetts General Permit. A permit application for the discharge of dredged and/or fill material in
waters of the United States is evaluated using the Environmental Policy Act’s (EPA) Section 404(b) (1)
guidelines. These guidelines are designed to avoid unnecessary filling of waters and wetlands. For the
guidelines to be satisfied:


There must be no practicable alternatives available which would have less adverse impact on the
aquatic ecosystem and which do not have other significant adverse environmental consequences;



The activity must not violate federal or state water quality standards or threaten a federally-listed
endangered species;



There must be no significant degradation of water and wetlands; and



All reasonable steps must be taken to minimize adverse effects to the aquatic environment.

Action undertaken to restore the Herring River estuary will comply with the requirements of Section 404
of the Clean Water Act, Section 404(b) (1) guidelines, and Section 10 of the Rivers and Harbors Act.

Compliance with Section 401 off the Clean Water Act
Section 401 of the Federal Water Pollution Control Act of 1972 (Clean Water Act or CWA) requires that
any applicant for a Section 404 (dredge and fill) permit also obtain a water quality certification from the
state. The purpose of the certification is to confirm that the discharge of fill materials would comply with
the state’s applicable water quality standards. Section 401 gives the authority to the states either to concur
with USACE approval of a section 404 permit or to place special conditions on the approval, or deny the
activity by not issuing a 401 certification. Compliance with Section 401 would be addressed through
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Massachusetts 310 CMR Wetlands Protection Regulations and Consultation and Water Quality
Certification prior to the implementation of project construction.

Compliance with the Coastal Zone Management Act of 1972, as amended
The Commonwealth of Massachusetts’ Office of Coastal Zone Management implements the Coastal Zone
Management Act (CZMA) through the Coastal Zone Management Policy Guide (October 2011) – the
current official statement of the Massachusetts coastal program policies and legal authorities. Under the
CZM program, all MEPA projects are reviewed for consistency with the management principles of CZM,
which are intended as guidance for any activities proposed in the Coastal Zone. The overall goal of
coastal zone management is to protect coastal resources from contamination or degradation, prevent the
creation of coastal hazards, and maximize the public use and benefit of coastal areas. Compliance with the
Massachusetts CZM will be achieved through review of this final EIS/EIR chapter 5 (see section 5.3.5).

13. CONCLUSION
Wetlands
The Preferred Alternative to restore the Herring River estuary is consistent with NPS policies to protect
and improve wetland habitats in our nation’s national park units, as expressed in NPS Procedural Manual
77-1: Wetland Protection and EO 11990: Protection of Wetlands. Specifically, the Preferred Alternative
(D) for the Herring River Restoration project would 1) result in a net gain of wetland acreage, 2) improve
wetland function within the project area, and 3) minimize adverse wetland impacts to those that are
unavoidable.
Net Gain in Wetland Acreage
The Preferred Alternative would result in a transition in wetland types from non-tidal wetlands to
intertidal wetlands (Table 3). Increasing the tidal range within the estuary would convert 8 acres of open
water (E1AB) and 33 acres of upland (UPL) to intertidal marsh (E2EM1). In addition, increased tidal
range would cause a shift in wetland types from woodlands (PFO), shrubland (PSS) and non-tidal marsh
(PEM) to intertidal marsh (E2EM1). Together these conversions would increase intertidal wetlands
(E2EM1) by 634 acres, which is the primary restoration objective. Of the 1006 acres in the project area, a
total of 41 acres is predicted to shift from non-wetland NWI classes to wetland NWI classes.
However, some temporary and permanent disturbance would also occur (Table 5). In the short term, a
total 8.2 wetland acres would be disturbed as a result of coffer dam construction, dewatering, and other
construction activities. Following construction, all of these areas would be restored to functioning
wetland. Approximately 12.1 wetland acres would be permanently lost in order to construct dikes, elevate
roads, and elevate portions of the golf course. The net gain in wetlands is therefore approximately 28.9
acres when considering both the large scale restoration effects (Table 3) and the site-specific construction
effects (Table 5). The NPS finds that this project meets the agency's "no net loss of wetlands" policy as
well as its goal of long-term wetland gains across the national park system (NPS Management Policies
Section 4.6.5).
Improved Wetland Function
The Preferred Alternative would result in improvement in seven out of eight wetland functional areas: 1)
Fish and Shellfish Habitat, 2) Sediment/Toxicant Retention, 3) Nutrient
Removal/Retention/Transformation, 4) Production Export, 5) Wildlife Habitat, 6)
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Uniqueness/Heritage/Listed Species, and 7) Recreation. Improved fish passage would benefit fish
species, including anadromous and catadromous species. Higher salinity upstream of the new Chequessett
Neck Road dike would increase shellfish habitat. Water quality would generally be improved by
increased flushing, nutrient flows would return to a more natural state, and monitoring would focus on
potential limited adverse effects, such as continued low dissolved oxygen concentration, temporary
nutrient releases from acid sulfate soils, and temporary elevated fecal coliform levels. Wildlife habitat for
diverse wetland species would be improved, particularly for salt-marsh dependent species. The restored
wetland as a whole would improve wetland function, since these types of estuaries were commonly diked
and drained, and fully functioning systems of this kind are therefore rare. Finally, increased
environmental quality and access to the restored estuary would improve function for recreation. The
function in terms of floodflow alteration is primarily for protection of downstream conditions, and
therefore is less relevant to the Herring River system than the other wetland functions. The project can be
viewed as neutral in regards to this wetland function. Overall, the Preferred Alternative achieves these
functional improvements across a larger number of wetland acres than the other alternatives that were
evaluated. For a full discussion, see page 16, Impacts to Wetland Functions and Values.
Minimize Adverse Wetland Impacts
Dike construction at the mouths of the Herring River and Mill Creek and other flood mitigation measures
in the estuary would result in long-term loss of up to 12.1 acres of wetland habitat (Table 6). In addition,
construction activities would result in up to 8.2 acres of short-term wetland disturbance. However, there is
no practical means to avoid these short and long- term impacts, since new dike construction is required if
tide range is to be increased in the estuary, and flood proofing measures are necessary to mitigate adverse
impacts to low-lying roads and properties. Compliance with Clean Water Act and other permit terms and
the use of best management practices will avoid or mitigate adverse impacts to wetlands and water quality
during and after construction. While the Preferred Alternative involves the construction of two dikes, and
thus would result in a larger permanent infrastructure footprint than Alternative B (and the same as
Alternative C), it also results in the largest increase in wetland acreage and the greatest improvement in
wetland function, and is therefore best fulfills the purpose of EO 11990: Protection of Wetlands.

Floodplains
The project to restore the Herring River salt marsh habitats is consistent with the NPS policy to protect
floodplain functions and avoid adverse impacts associated with floodplain occupancy and modification,
as expressed in EO 11988: Floodplain Management and NPS Procedural Manual 77-2 Floodplain
Management.
The project would increase regular tidal inundation across approximately 90 percent of the former
Herring River tidal estuary. In addition, storm surges would reach higher elevations (7.5 feet in the Lower
Herring River than under current conditions (2.1 feet in the Lower Herring River), restoring a portion of
the high water events that are important for floodplain functions.
However, full inundation of the historic 100-year floodplain is not practicable because of existing
development in the floodplain. Up to 336 properties may be contacted by elevated tidewaters (see table
5); 169 would experience no effects to structure or landscape; 145 would experience impacts to natural
vegetation; 2 would experience impacts to cultivated landscapes; and 20 would experience structural
impacts. Impacts to properties were categorized based on the frequency of tidal water reaching the
property and the nature of the land or structures impacted. The NPS and HRRC are working with
individual landowners on a case-by-case basis to determine site-specific flood mitigation measures. Flood
risk from unusually high storm driven tides would be limited by new and reconstructed dikes.
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APPENDIX H: LOW LYING ROADS REPORTS

Final Environmental Impact Statement / Environmental Impact Report

H-1

Appendix H: Low Lying Roads Reports

H-2

Herring River Restoration Project

HERRING RIVER RESTORATION PROJECT
LOW LYING ROADS ALTERNATIVE ANALYSIS
ANNUAL HIGH WATER EVENT

HERRING RIVER RESTORATION PROJECT
LOW LYING ROADS ALTERNATIVE ANALYSIS
100 YEAR STORM EVENT

Old County Road
Annual High Water Conditions

Old County Road Annual High
Water Conditions

Bound Brook Island Road Annual High Water
Conditions (1 of 3)

Bound Brook Island Road
Annual High Water Conditions (2 of 3)

Bound Brook Island Road
Annual High Water Conditions
(2 of 3)

Bound Brook Island Road
Annual High Water Conditions (3 of 3)

Bound Brook Island Road
Annual High Water Conditions
(3 of 3)

Pole Dike Road
Annual High Water Conditions

Pole Dike Road Annual High
Water Conditions

Old County Road
100-Year Storm Conditions

Old County Road 100 Year
Storm Conditions

Bound Brook Island Road
100-Year Storm Conditions (1 of 3)

Bound Brook Island Road 100
Year Storm Conditions (1 of 3)

Bound Brook Island Road
100-Year Storm Conditions (2 of 3)

Bound Brook Island Road
100-Year Storm Conditions (3 of 3)

Bound Brook Island Road 100
Year Storm Conditions (3 of 3)

Pole Dike Road
100-Year Storm Conditions

Pole Dike Road 100 Year Storm
Conditions

DRAFT COST COMPARISON
Roadway

Annual 3’
gate

Annual 10’ 100 Year 3’ 100 Year
gate
gate
10’ gate

Old County
Rd.

$690,000

$730,000

$860,000

$965,000

Bound Brook
Island Rd.

$2,030,000

$2,165,000

$2,310,000

$2,600,000

Pole Dike Rd. $610,000

$620,000

$665,000

$730,000

TOTAL

$3,515,000

$3,835,000

$4,295,000

$3,330,000



Herring River Restoration Project
Engineering Design to Elevate Low-Lying
Roadways and Replace Associated Culverts
Truro and Wellfleet, Massachusetts

PREPARED FOR:

FRIENDS OF HERRING RIVER

PREPARED BY:
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 ,QWURGXFWLRQ
/RXLV%HUJHUZDVFRQWUDFWHGE\WKH)ULHQGVRI+HUULQJ5LYHU )+5 WRFRPSOHWHWKH(QJLQHHULQJ
'HVLJQ WR (OHYDWH /RZO\LQJ 5RDGZD\V DQG 5HSODFH $VVRFLDWHG &XOYHUWV 3ODQQLQJ DORQJ
VHYHUDOVHJPHQWVRIURDGZD\ORFDWHGLQ:HOOIOHHWDQG7UXUR0DVVDFKXVHWWV/RXLV%HUJHUKDV
FRPSOHWHGWKHIROORZLQJWDVNVXQGHUWKLVFRQWUDFW
x
x
x
x
x
x
x
x
x

7DVN
7DVN
7DVN$
7DVN%
7DVN
7DVN
7DVN
7DVN
7DVN

5HYLHZ([LVWLQJ%DFNJURXQG0DWHULDOVDQG$WWHQG.LFNRII0HHWLQJ
'HYHORS([LVWLQJ&RQGLWLRQV3ODQ
:HWODQG'HOLQHDWLRQ
&RQGXFW6LWH6XUYH\
'HYHORS3UHOLPLQDU\  'HVLJQIRU5HSODFHPHQWRI([LVWLQJ&XOYHUWV
&RQGXFW*HRWHFKQLFDO,QYHVWLJDWLRQV
3UHSDUH3UHOLPLQDU\  5RDGZD\'HVLJQ3ODQV
'HYHORS7UDIILF0DQDJHPHQW$QDO\VLV
6XSSRUW0HHWLQJVDQG&RPPXQLFDWLRQ

7KLVUHSRUWLVSDUWRI7DVN 5HSRUWLQJ DQGSURYLGHVWKH)+5DFRPSUHKHQVLYHGRFXPHQWRQ
WKH VHJPHQWV DQDO\]HG WKDW LQFOXGHV DOO RI WKH ZRUN FRPSOHWHG WR GDWH DV SDUW RI 7DVNV 
WKURXJK7KLVUHSRUWGHVFULEHVWKHH[LVWLQJSURSHUW\FRQGLWLRQVLQFOXGLQJZHWODQGGHOLQHDWLRQ
DQGVLWHVXUYH\SUHOLPLQDU\GHVLJQSODQVIRUFXOYHUWVDQGURDGZD\VJHRWHFKQLFDOLQYHVWLJDWLRQ
WUDIILFPDQDJHPHQWDQGSURMHFWPHHWLQJVDQGFRPPXQLFDWLRQ6XUYH\ZRUNZDVSHUIRUPHGE\
2XWHUPRVW /DQG 6XUYH\ 2/6  RI %UHZVWHU 0DVVDFKXVHWWV 3URMHFW 3ODQV LQFOXGLQJ H[LVWLQJ
DQGSURSRVHGFRQGLWLRQVDUHFRQWDLQHGLQ9ROXPH,,RIWKLV5HSRUW
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 %DFNJURXQG
7KH ORZO\LQJ URDGZD\V LQYHVWLJDWHG LQ WKLV UHSRUW DUH ORFDWHG LQ QRUWKZHVW :HOOIOHHW
0DVVDFKXVHWWV DQG VRXWKZHVW 7UXUR 0DVVDFKXVHWWV VHH )LJXUH EHORZ 7KHILYH VHJPHQWV
FRPSULVLQJWKHLQYHVWLJDWHGURDGZD\DOLJQPHQWIURPVRXWKWRQRUWKDUH
x 3ROH'LNH5RDG VHH9ROXPH,,6KHHW 
x %RXQG%URRN,VODQG5RDG VHH9ROXPH,,6KHHWV± 
x 2OG&RXQW\5RDGDQG%RXQG%URRN,VODQG5RDG VHH9ROXPH,,6KHHW 
x 2OG&RXQW\5RDG3DUDGLVH+ROORZ VHH9ROXPH,,6KHHWV 
x 2OG&RXQW\5RDG±/RPEDUG+ROORZ VHH9ROXPH,,6KHHWV 
3ULRUWRDQ\LQYHVWLJDWLRQVWKHIROORZLQJGRFXPHQWVDQGVRXUFHVZHUHFRQVXOWHGDVSDUWRIWKH
UHYLHZRIH[LVWLQJEDFNJURXQGPDWHULDOV
x &/( (QJLQHHULQJ ,QF¶V $OWHUQDWLYHV $QDO\VLV 7KUHH /RZO\LQJ 5RDGV +HUULQJ 5LYHU
5HVWRUDWLRQ3URMHFW:HOOIOHHWDQG7UXUR0DVVDFKXVHWWVGDWHG-XQH
x 1DWLRQDO 3DUN 6HUYLFH¶V +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW 'UDIW (QYLURQPHQWDO ,PSDFW
6WDWHPHQW(QYLURQPHQWDO,PSDFW5HSRUWGDWHG2FWREHU
x (165 &RUSRUDWLRQ¶V +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW ± /RZO\LQJ 5RDGZD\V 5HYLHZ
DQG'LVFXVVLRQ
x :RRGV +ROH *URXS¶V /HWWHU 5HJDUGLQJ +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW ± 6L]LQJ RI
/RZO\LQJ5RDG&XOYHUWVGDWHG-DQXDU\
x :RRGV+ROH*URXS¶V+HUULQJ5LYHU+\GURG\QDPLF0RGHOLQJ0RGHO5HSRUWGDWHG
x 86'HSDUWPHQWRI$JULFXOWXUH 86'$ 6RLO&RQVHUYDWLRQ6HUYLFH6RLO'DWD0DSV
x )ORRG ,QVXUDQFH 5DWH 0DS %DUQVWDEOH &RXQW\ 0DVVDFKXVHWWV 0DS 1XPEHU
&-GDWHG-XO\
x )ORRG ,QVXUDQFH 5DWH 0DS %DUQVWDEOH &RXQW\ 0DVVDFKXVHWWV 0DS 1XPEHU
&-GDWHG-XO\
x 86)LVKDQG:LOGOLIH6HUYLFH 86):6 1DWLRQDO:HWODQGV,QYHQWRU\PDSSLQJ
x 0DVVDFKXVHWWV 1DWXUDO +HULWDJH DQG (QGDQJHUHG 6SHFLHV¶ %LR0DS ± &RQVHUYLQJ WKH
%LRGLYHUVLW\RI0DVVDFKXVHWWVLQD&KDQJLQJ:RUOG±7UXURGDWHG
x 0DVVDFKXVHWWV 1DWXUDO +HULWDJH DQG (QGDQJHUHG 6SHFLHV¶ %LR0DS ± &RQVHUYLQJ WKH
%LRGLYHUVLW\RI0DVVDFKXVHWWVLQD&KDQJLQJ:RUOG±:HOOIOHHWGDWHG
x 0DVVDFKXVHWWV 'HSDUWPHQW RI 7UDQVSRUWDWLRQ +LJKZD\ 'LYLVLRQ¶V 'HVLJQ *XLGH GDWHG

x 0DVVDFKXVHWWV'LYLVLRQRI(FRORJLFDO5HVWRUDWLRQ¶V6WUHDP&URVVLQJV+DQGERRNGDWHG
-XQH
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)LJXUH6LWH/RFDWLRQ
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 :HWODQG'HOLQHDWLRQ
/RXLV %HUJHU FRQGXFWHG D ZHWODQG GHOLQHDWLRQ RQ $SULO  DQG   RI WKH SURMHFW DUHD LQ
:HOOIOHHW DQG 7UXUR 0DVVDFKXVHWWV 'XULQJ WKH ILHOG H[DPLQDWLRQ /RXLV %HUJHU DVVHVVHG VLWH
WRSRJUDSK\GUDLQDJHSDWWHUQVVRLOFKDUDFWHULVWLFVDQGK\GURORJLFFKDUDFWHULVWLFVRIWKHSURMHFW
DUHD ,QIRUPDWLRQ SURYLGHG LQ WKLV UHSRUW LQFOXGHV ZHWODQG GHOLQHDWLRQ PHWKRGRORJ\ DORQJ ZLWK
WKH K\GURORJ\ VRLOV ZLOGOLIH DQG YHJHWDWLRQ IRXQG ZLWKLQ WKH SURMHFW DUHD 6XSSRUWLQJ
GRFXPHQWDWLRQRIWKHFRPSOHWHGZHWODQGGHOLQHDWLRQLQFOXGLQJSKRWRJUDSKVRIWKHSURMHFWDUHD
ILHOGGDWDIRUPVDQGZHWODQGGHOLQHDWLRQPDSSLQJLVLQFOXGHGLQ$SSHQGL[$
7KH 0DVVDFKXVHWWV 'HSDUWPHQW RI (QYLURQPHQWDO 3URWHFWLRQ 0DVV'(3  DQG WKH ORFDO
&RQVHUYDWLRQ&RPPLVVLRQVLPSOHPHQWWKH0DVVDFKXVHWWV:HWODQGV3URWHFWLRQ$FW :3$  */
&K  VHF   DQG WKH DVVRFLDWHG 5HJXODWLRQV  &05   WKH ³5HJXODWLRQV´ 
$OWKRXJK WKH ZHWODQG DUHDV DGMDFHQW WR WKH URDGZD\V ZRXOG KDYH EHHQ UHJXODWHG DV FRDVWDO
UHVRXUFH DUHDV SULRU WR WKH FRQVWUXFWLRQ RI WKH &KHTXHVVHWW 5RDG 'LNH DV GHILQHG XQGHU WKH
:3$ DQG LWV 5HJXODWLRQV ILYH W\SHV RI LQODQG UHVRXUFH DUHDV DUH ORFDWHG LQ WKH SURMHFW DUHD
ZKLFK LQFOXGH %DQN %RUGHULQJ 9HJHWDWHG :HWODQG %9:  /DQG 8QGHU :DWHU %RGLHV DQG
:DWHUZD\V /8: %RUGHULQJ/DQG6XEMHFWWR)ORRGLQJ %/6) DQG5LYHUIURQW$UHD 5) %DQN
DQG%9:ZHUHGHOLQHDWHGLQWKHILHOG,QDUHDVWKDWFRQWDLQDSHUHQQLDOVWUHDPRUSRQG/8:
H[WHQGV GRZQJUDGLHQW IURP %DQN IODJV 7KH IRRW 5LYHUIURQW $UHD 5$  &05  
ZDVQRWGHOLQHDWHGLQWKHILHOGDQGLVPHDVXUHGRXWZDUGIURPHDFKGHOLQHDWHG%DQNKRUL]RQWDOO\
DQGSDUDOOHOWRWKHZDWHUZD\

3.1

Wetland Delineation Methodology

$ ZHWODQG GHOLQHDWLRQ WR GHWHUPLQH MXULVGLFWLRQDO ZHWODQG ERXQGDULHV RI DOO ZHWODQGV LGHQWLILHG
ZLWKLQ WKH SURMHFW DUHD ZDV SHUIRUPHG LQ DFFRUGDQFH ZLWK WKH:3$ DQG WKH 5HJXODWLRQV 7KH
SURMHFWDUHDLVORFDWHGDGMDFHQWWRWKH+HUULQJ5LYHUDQG%RXQG%URRNDORQJ3ROH'LNH5RDG
%RXQG %URRN ,VODQG 5RDG DQG 2OG &RXQW\ 5RDG 3ULRU WR FRQGXFWLQJ ILHOG GHOLQHDWLRQ /RXLV
%HUJHUUHYLHZHG86)LVKDQG:LOGOLIH6HUYLFH¶V 86):6 1DWLRQDO:HWODQGV,QYHQWRU\ 1:, 
PDSVIRUWKHDUHD7ZHOYH1:,ZHWODQGVDUHPDSSHGZLWKLQWKHVXEMHFWSURSHUW\
:HWODQGVZHUHGHOLQHDWHGEDVHGRQWKHSUHVHQFHRIWKUHHSDUDPHWHUVK\GURSK\WLFYHJHWDWLRQ
ZHWODQGK\GURORJ\DQGK\GULFVRLOVDVRXWOLQHGLQWKH86$UP\&RUSVRI(QJLQHHUV 86$&( 
&RUSVRI(QJLQHHUV:HWODQG'HOLQHDWLRQ0DQXDO (QYLURQPHQWDO/DERUDWRU\ WKH5HJLRQDO
6XSSOHPHQWWRWKH&RUSVRI(QJLQHHUV:HWODQG'HOLQHDWLRQ0DQXDO1RUWKFHQWUDODQG1RUWKHDVW
5HJLRQ9HUVLRQ 86$&(D DQGWKH0DVV'(3  'HOLQHDWLQJ%RUGHULQJ9HJHWDWHG
:HWODQGV0DQXDO -DFNVRQ 7KH5RXWLQH2QVLWH,QVSHFWLRQ0HWKRGRORJ\DVVHWIRUWKLQ
WKH86$&(0DQXDOZDVHPSOR\HG:HWODQGGHOLQHDWLRQVZHUHSHUIRUPHGZKHQWKHXSSHU
LQFKHVRIWKHVRLOZHUHQRWIUR]HQDQGWKHUHZDVVXIILFLHQWYHJHWDWLYHFRYHUWRXVHWKHWKUHH
SDUDPHWHUDSSURDFKGHWDLOHGDERYH
7KH FODVVLILFDWLRQ RI ZHWODQGV DQG XSODQGV ZDV EDVHG RQ ILHOG REVHUYDWLRQV DQG WKH
&ODVVLILFDWLRQRI:HWODQGVDQG'HHSZDWHU+DELWDWVRIWKH8QLWHG6WDWHV &RZDUGLQHWDO 
DQG&ODVVLILFDWLRQRIWKH1DWXUDO&RPPXQLWLHVRI0DVVDFKXVHWWV 6ZDLQDQG.HDUVOH\ 
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7KHERXQGDULHVRIWKHZHWODQGVZLWKLQIHHWRIWKHHGJHRIWKHH[LVWLQJURDGZHUH PDUNHGLQ
WKH ILHOG ZLWK VHTXHQWLDOO\ QXPEHUHG IODJV ORFDWHG E\ 2/6 DQG SORWWHG RQ D EDVH PDS XVLQJ
1RUWK $PHULFDQ 9HUWLFDO 'DWXP  1$9'  3URMHFW DUHD SKRWRJUDSKV DQG ILHOG GDWD
VKHHWV GRFXPHQWLQJ WKH VRLO YHJHWDWLRQ DQG K\GURORJLF FRQGLWLRQV DUH SUHVHQWHG LQ $SSHQGL[
$7KHZHWODQGERXQGDULHVDUHLOOXVWUDWHGRQWKHVXUYH\SODQVLQFOXGHG9ROXPH,,RIWKLVUHSRUW

3.2

Project Area Ecology

 +\GURORJ\
7KH SURMHFW LV ORFDWHG ZLWKLQ WKH +HUULQJ 5LYHU 6XEZDWHUVKHG 86 *HRORJLFDO 6XUYH\
&DWDORJLQJ 8QLW 1R   ZLWKLQ WKH ODUJHU &DSH &RG :DWHUVKHG 'UDLQDJH ZLWKLQ
WKLVVXEZDWHUVKHGLVWR:HOOIOHHW+DUERUZKLFKIORZVWR&DSH&RG%D\)ROORZLQJWKH&RZDUGLQ
V\VWHP &RZDUGLQHWDO WKHK\GURSHULRGVRIWKHSDOXVWULQHZHWODQGV\VWHPVGHOLQHDWHGLQ
WKH SURMHFW DUHD DUH FODVVLILHG DVWHPSRUDULO\ IORRGHG VHDVRQDOO\ IORRGHGVDWXUDWHGWHPSRUDU\
WLGDODQGVHDVRQDOWLGDO

 6RLOV
7KH1DWXUDO5HVRXUFHV&RQVHUYDWLRQ6HUYLFH 15&6 8QLWHG6WDWHV'HSDUWPHQWRI$JULFXOWXUH
86'$  :HE 6RLO 6XUYH\ 6RLO 6XUYH\ 6WDII   LQGLFDWHV WKDW WKH VRLOV ZLWKLQ WKH VXEMHFW
SURSHUW\ FRQVLVW RI ILYH PDS XQLWV DQG WKUHH VRLO VHULHV $ VRLO VHULHV LV D SDUW RI WKH VRLO
WD[RQRP\WKDWLQFOXGHVRUGHUJUHDWJURXSVXEJURXSIDPLO\DQGVHULHV6RLOSKDVHVDUHXVHG
IRU VXEGLYLGLQJ VHULHV LQWR VSHFLILF XQLWV WKDW DUHVLJQLILFDQW IRU SUDFWLFDO XVH DQG PDQDJHPHQW
HJVXUIDFHWH[WXUHVORSHGHJUHHRIHURVLRQVWRQLQHVV $PDSSLQJXQLWLVDJURXSLQJRIVRLOV
E\ WKHLU QDWXUDO ODQGVFDSH DQG VRLO SDWWHUQV 0RVW VRLO PDSSLQJ XQLWV VKRZQ RQ GHWDLOHG VRLO
PDSVDUHSKDVHVRIVRLOVHULHV(DFKPDSXQLWLVGHVLJQDWHGDVDOOK\GULFSDUWLDOO\K\GULFQRW
K\GULFRUXQNQRZQK\GULFGHSHQGLQJRQWKHUDWLQJRILWVUHVSHFWLYHFRPSRQHQWV
2I WKH ILYH PDS XQLWV LGHQWLILHG RQ WKH 86'$ PDSV WZR W\SHVXQLWV DUH FODVVLILHG DV K\GULF ±
)UHHWRZQDQG6ZDQVHDPXFNVDQG0D\ELGYDULDQWVLOW\FOD\ORDP+\GULFVRLOVDUHGHILQHGE\
WKH1DWLRQDO7HFKQLFDO&RPPLWWHHIRU+\GULF6RLOVDVVRLOVWKDWDUHIRUPHGXQGHUFRQGLWLRQVRI
VDWXUDWLRQ IORRGLQJ RU SRQGLQJ ORQJ HQRXJK GXULQJ WKH JURZLQJ VHDVRQ WR GHYHORS DQDHURELF
FRQGLWLRQV LQ WKH XSSHU SDUW RI WKH VRLO KRUL]RQ )HGHUDO 5HJLVWHU   8QGHU QDWXUDO
FRQGLWLRQVWKHVHVRLOVDUHHLWKHUVDWXUDWHGRULQXQGDWHGORQJHQRXJKGXULQJWKHJURZLQJVHDVRQ
WR VXSSRUW WKH JURZWK DQG UHSURGXFWLRQ RI K\GURSK\WLF YHJHWDWLRQ 7KHUHIRUH K\GULF VRLOV DUH
W\SLFDOO\IRXQGZLWKLQZHWODQGV:KLOHK\GULFVRLOVFDQEHIRXQGZLWKLQQRQK\GULFOLVWHGVRLOPDS
XQLWV WKH\ W\SLFDOO\ FRPSULVH D VPDOOHU SRUWLRQ RI WKH VRLO XQLW 7KH VRLO PDS XQLWV ZLWKLQ WKH
VXEMHFWSURSHUW\DUHOLVWHGLQ7DEOHDQGGHVFULEHGEHORZ6RLOGHVFULSWLRQVDUHEDVHGRQWKH
WH[WRIWKH15&686'$:HE6RLO6XUYH\




$OOHOHYDWLRQVDUHSURYLGHGLQ1$9'XQOHVVQRWHGRWKHUZLVH
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&
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'
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!
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$
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WR
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<HV

0DS8QLW
6\PERO

6RXUFH6RLO6XUYH\6WDII
:7 VHDVRQDOZDWHUWDEOH

%&DUYHU FRDUVH VDQG  WR  SHUFHQW VORSHV 7KLV YHU\ GHHS VWURQJO\ VORSLQJ
H[FHVVLYHO\GUDLQHGVRLOLVIRXQGRQVPDOOKLOOVDQGULGJHVLQDUHDVRILFHFRQWDFWGHSRVLWVDQG
RQ WKH VLGH VORSHV RI VZDOHV RQ RXWZDVK SODLQV 3HUPHDELOLW\ LV UDSLG LQ WKH VXEVRLO DQG
VXEVWUDWXPRIWKH&DUYHUVRLO$YDLODEOHZDWHUFDSDFLW\LVORZ'HSWKWRWKHVHDVRQDOKLJKZDWHU
WDEOHLVPRUHWKDQIHHW7KLVVRLOGRHVQRWPHHWK\GULFFULWHULD
&&DUYHU FRDUVH VDQG  WR  SHUFHQW VORSHV 7KLV YHU\ GHHS VWURQJO\ VORSLQJ
H[FHVVLYHO\GUDLQHGVRLOLVIRXQGRQVPDOOKLOOVDQGULGJHVLQDUHDVRILFHFRQWDFWGHSRVLWVDQG
RQ WKH VLGH VORSHV RI VZDOHV RQ RXWZDVK SODLQV 3HUPHDELOLW\ LV UDSLG LQ WKH VXEVRLO DQG
VXEVWUDWXPRIWKH&DUYHUVRLO$YDLODEOHZDWHUFDSDFLW\LVORZ'HSWKWRWKHVHDVRQDOKLJKZDWHU
WDEOHLVPRUHWKDQIHHW7KLVVRLOGRHVQRWPHHWK\GULFFULWHULD
'&DUYHU FRDUVH VDQG  WR  SHUFHQW VORSHV 7KLV YHU\ GHHS VWURQJO\ VORSLQJ
H[FHVVLYHO\GUDLQHGVRLOLVIRXQGRQVPDOOKLOOVDQGULGJHVLQDUHDVRILFHFRQWDFWGHSRVLWVDQG
RQ WKH VLGH VORSHV RI VZDOHV RQ RXWZDVK SODLQV 3HUPHDELOLW\ LV UDSLG LQ WKH VXEVRLO DQG
VXEVWUDWXPRIWKH&DUYHUVRLO$YDLODEOHZDWHUFDSDFLW\LVORZ'HSWKWRWKHVHDVRQDOKLJKZDWHU
WDEOHLVPRUHWKDQIHHW7KLVVRLOGRHVQRWPHHWK\GULFFULWHULD
$)UHHWRZQDQG6ZDQVHDPXFNVWRSHUFHQWVORSHVSRQGHG7KLVYHU\GHHSOHYHO
YHU\ SRRUO\ GUDLQHG VRLO LV IRXQG RQ RXWZDVK SODLQV PRUDLQHV DQG LQ DUHDV RI JODFLDO ODNH
GHSRVLWV ,W LV LQ GHSUHVVLRQV DQG LQ DUHDVDGMDFHQW WRVWUHDPV SRQGV DQG ODNHV 0RVW DUHDV
DUH ZRRGHGRU VXSSRUW VKUXEE\ YHJHWDWLRQ DQGDUH ZHOO VXLWHG WR ZHWODQG ZLOGOLIH KDELWDW7KH
FRPPRQQDWLYHSODQWFRPPXQLWLHVSURYLGHDGHTXDWHIRRGDQGFRYHUIRUQHVWLQJDUHDV7KLVVRLO
PHHWVK\GULFFULWHULD
$0D\ELGYDULDQWVLOW\FOD\ORDP7KLVYHU\GHHSOHYHOSRRUO\GUDLQHGVRLOLVLQORZDUHDV
DORQJWKH+HUULQJ5LYHULQWKHQRUWKZHVWHUQVHFWLRQRIWKHWRZQRI:HOOIOHHW7KHVRLOIRUPHGLQ
WLGDO PDUVK GHSRVLWVWKDW DUH QR ORQJHUVXEMHFWWRWLGDOIORRGLQJ DQG KDYH EHHQ GUDLQHG RI VDOW
ZDWHU 7KLV VRLO LV ZHOO VXLWHG WR ZHWODQG ZLOGOLIH KDELWDW DQG WKH FRPPRQ QDWLYH SODQW
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FRPPXQLWLHV SURYLGH DGHTXDWH IRRG DQG FRYHU IRU QHVWLQJ DUHDV 3HUPHDELOLW\ LV PRGHUDWH WR
VORZLQWKHVXEVRLORIWKH0D\ELGYDULDQWVRLODQGVORZRUYHU\VORZLQWKHVXEVWUDWXP$YDLODEOH
ZDWHU FDSDFLW\ LV KLJK 'HSWK WR VHDVRQDO KLJK ZDWHU WDEOH LV  WR  IHHW 7KLV VRLO PHHWV
K\GULFFULWHULD

3.3

Wildlife

:LOGOLIHVSHFLHVREVHUYHGGXULQJWKLVILHOGLQYHVWLJDWLRQZHUHUHFRUGHGEDVHGRQGLUHFWVLJKWLQJV
FDOOV KHDUG RU WKH SUHVHQFH RI VFDW GURSSLQJV RU WUDFNV $OO REVHUYHG ZLOGOLIH VSHFLHV GXULQJ
WKHZHWODQGGHOLQHDWLRQDUHOLVWHGLQ7DEOH
7DEOH:LOGOLIH2EVHUYHGLQ3URMHFW$UHD
&RPPRQ1DPH

6FLHQWLILF1DPH
%LUGV

$PHULFDQFURZ

&RUYXVEUDFK\UK\QFKRV

$PHULFDQWUHHVSDUURZ

6SL]HOODDUERUHD

%DOWLPRUHRULROH

,FWHUXVJDOEXOD

%DUQVZDOORZ

+LUXQGRUXVWLFD

%ODFNFDSSHGFKLFNDGHH

3RHFLOHDWULFDSLOOD

%ODFNEXUQLDQZDUEOHU

6HWRSKDJDIXVFD

%OXHMD\

&\DQRFLWWDFULVWDWD

&DQDGDJRRVH

%UDQWDFDQDGHQVLV

&HGDUZD[ZLQJ

%RPE\FLOODFHGURUXP

&RPPRQJUDFNOH

4XLVFDOXVTXLVFXOD

'DUNH\HGMXQFR

-XQFRK\HPDOLV

'RZQ\ZRRGSHFNHU

3LFRLGHVSXEHVFHQV

*UD\FDWELUG

'XPHWHOODFDUROLQHQVLV

+HUULQJJXOO

/DUXVDUJHQWDWXV

0DOODUG

$QDVSODW\UK\QFKRV

0RXUQLQJGRYH

=HQDLGDPDFURXUD

1RUWKHUQFDUGLQDO

&DUGLQDOLVFDUGLQDOLV

1RUWKHUQPRFNLQJELUG

0LPXVSRO\JORWWRV

5HGZLQJHGEODFNELUG

$JHODLXVSKRHQLFHXV

7UHHVZDOORZ

7DFK\FLQHWDELFRORU

7XUNH\YXOWXUH

&DWKDUWHVDXUD

:KLWHWKURDWHGVSDUURZ

=RQRWULFKLDDOELFROOLV
+HUSHWLOHV
7HUUDSHQHFDUROLQDFDUROLQD

(DVWHUQER[WXUWOH
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&RPPRQ1DPH

6FLHQWLILF1DPH

*UHHQIURJ

5DQDFODPLWDQVPHODQRWD
0DPPDOV

3.4

6WULSHGVNXQN

0HSKLWLVPHSKLWLV

:KLWHWDLOHGGHHU

2GRFRLOHXVYLUJLQLDQXV

Vegetative Communities

7KH SURMHFW DUHD FRQVLVWV RI WKUHH ZHWODQG FRYHU W\SHV HLJKW ZDWHU UHJLPHVVSHFLDO PRGLILHUV
DQG RQH XSODQG FRYHU W\SH 7KH ZHWODQG FRYHU W\SHV REVHUYHG LQ WKH SURMHFW DUHD LQFOXGH
SDOXVWULQH IRUHVWHG ZHWODQG SDOXVWULQH VFUXEVKUXE ZHWODQG DQG SDOXVWULQH HPHUJHQW ZHWODQG
:DWHUUHJLPHVDQGVSHFLDOPRGLILHUVLGHQWLILHGLQWKHSURMHFWDUHDLQFOXGHWKHIROORZLQJOLVW
x 3)2$3DOXVWULQHIRUHVWHGZHWODQGEURDGOHDYHGGHFLGXRXVWHPSRUDULO\IORRGHG
x 3)2(  3DOXVWULQH IRUHVWHG ZHWODQG EURDGOHDYHG GHFLGXRXV VHDVRQDOO\
IORRGHGVDWXUDWHG
x 3)263DOXVWULQHIRUHVWHGZHWODQGEURDGOHDYHGGHFLGXRXVWHPSRUDU\WLGDO
x 366(  3DOXVWULQH VFUXEVKUXE ZHWODQG EURDGOHDYHG GHFLGXRXV VHDVRQDOO\
IORRGHGVDWXUDWHG
x 366(G  3DOXVWULQH VFUXEVKUXE ZHWODQG EURDGOHDYHG GHFLGXRXV VHDVRQDOO\
IORRGHGVDWXUDWHGSDUWLDOO\GUDLQHGGLWFKHG
x 3665G  3DOXVWULQH VFUXEVKUXE ZHWODQG EURDGOHDYHG GHFLGXRXV VHDVRQDOWLGDO
SDUWLDOO\GUDLQHGGLWFKHG
x 36663DOXVWULQHVFUXEVKUXEZHWODQGEURDGOHDYHGGHFLGXRXVWHPSRUDU\WLGDO
x 3(0(3DOXVWULQHHPHUJHQWSHUVLVWHQWVHDVRQDOO\IORRGHGVDWXUDWHG

8SODQG DUHDV FRQVLVW RI FRDVWDO IRUHVWZRRGODQG 7KH ZHWODQG DQG XSODQG FRPPXQLWLHV
LGHQWLILHG GXULQJ WKH ILHOG GHOLQHDWLRQ DUH GHVFULEHG EHORZ 9HJHWDWLRQ REVHUYHG ZLWKLQ WKH
SURMHFWDUHDLVOLVWHGLQ7DEOH
7DEOH9HJHWDWLRQ2EVHUYHGLQ3URMHFW$UHD
&RPPRQ1DPH

6FLHQWLILF1DPH

:HWODQG,QGLFDWRU6WDWXV

7UHHV6KUXEV:RRG\9LQHV
%ODFNFKHUU\

3UXQXVVHURWLQD

)$&8

%ODFNJXP

1\VVDV\OYDWLFD

)$&

%ODFNORFXVW

5RELQLDSVHXGRDFDFLD

)$&8

%ODFNRDN

4XHUFXVYHOXWLQD

1,

%HDFKSOXP

3UXQXVPDULWLPD

1,
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&RPPRQ1DPH

6FLHQWLILF1DPH

:HWODQG,QGLFDWRU6WDWXV

&RDVWDOVZHHWSHSSHUEXVK

&OHWKUDDOQLIROLD

)$&

&RPPRQJUHHQEULDU

6PLOD[URWXQGLIROLD

)$&

&RPPRQVKDGEXVK

$PHODQFKLHUDUERUHD

)$&8

&RPPRQZLQWHUEHUU\

,OH[YHUWLFLOODWD

)$&:

*ORVV\EXFNWKRUQ

)UDQJXODDOQXV

)$&

*UD\ELUFK

%HWXODSRSXOLIROLD

)$&

+LJKEXVKEOXHEHUU\

9DFFLQLXPFRU\PERVXP

)$&:

+XFNOHEHUU\

*D\OXVVDFLDEDFFDWD

)$&8

/RZEXVKEOXHEHUU\

9DFFLQLXPDQJXVWLIROLXP

)$&8

0DOHEHUU\

/\RQLDOLJXVWULQD

)$&:

0XOWLIORUDURVH

5RVDPXOWLIORUD

)$&8

1RUWKHUQED\EHUU\

0RUHOODSHQV\OYDQLFD

)$&

3LWFKSLQH

3LQXVULJLGD

)$&8

3RLVRQLY\

7R[LFRGHQGURQUDGLFDQV

)$&

5HGPDSOH

$FHUUXEUXP

)$&

5HGRDN

4XHUFXVUXEUD

)$&8

6KHHSODXUHO

.DOPLDDQJXVWLIROLD

)$&

6RXWKHUQDUURZZRRG

9LEXUQXPGHQWDWXP

)$&

6WDJKRUQVXPDF

5KXVW\SKLQD

1,

6WHHSOHEXVK

6SLUDHDWRPHQWRVD

)$&:

6ZDPSD]DOHD

5KRGRGHQGURQYLVFRVXP

)$&:

6ZDPSURVH

5RVDSDOXVWULV

2%/

9LUJLQLDFUHHSHU

3DUWKHQRFLVVXVTXLQTXHIROLD

)$&8

:KLWHRDN

4XHUFXVDOED

)$&8

:LQWHUEHUU\

,OH[YHUWLFLOODWD

)$&:

+HUEDFHRXV9HJHWDWLRQ
%OXHIODJ

,ULVYHUVLFRORU

2%/

%URDGOHDIFDWWDLO

7\SKDODWLIROLD

2%/

&DQDGDPD\IORZHU

0DLDQWKHPXPFDQDGHQVH

)$&8

&LQQDPRQIHUQ

2VPXQGDFLQQDPRPHD

)$&:

/LO\RIWKHYDOOH\

&RQYDOODULDPDMDOLV

1,

1RUWKHUQGHZEHUU\

5XEXVIODJHOODULV

)$&8

3HQQV\OYDQLDVHGJH

&DUH[SHQV\OYDQLFD

1,

5R\DOIHUQ

2VPXQGDVSHFWDELOLV

2%/

6HQVLWLYHIHUQ

2QRFOHDVHQVLELOLV

)$&:

9

June 2015

)ULHQGVRI+HUULQJ5LYHU

&RPSUHKHQVLYH5HSRUW
/RZO\LQJ5RDGZD\V

:HOOIOHHWDQG7UXUR0DVVDFKXVHWWV


&RPPRQ1DPH

6FLHQWLILF1DPH

:HWODQG,QGLFDWRU6WDWXV

6RIWUXVK

-XQFXVHIIXVXV

2%/

6WDUIORZHU

7ULHQWDOLVERUHDOLV

)$&

7XVVRFNVHGJH

&DUH[VWULFWD
2%/
6RXUFH86$&(E86'$1DWXUDO5HVRXUFHV&RQVHUYDWLRQ6HUYLFH
.H\WR,QGLFDWRU&DWHJRULHV
2%/ 2EOLJDWH :HWODQG RFFXU DOPRVW DOZD\V HVWLPDWHG SUREDELOLW\ ! SHUFHQW  XQGHU QDWXUDO FRQGLWLRQV LQ
ZHWODQGV
)$&:)DFXOWDWLYH:HWODQGXVXDOO\RFFXULQZHWODQGV HVWLPDWHGSUREDELOLW\SHUFHQW EXWRFFDVLRQDOO\IRXQG
LQQRQZHWODQGV
)$&)DFXOWDWLYHHTXDOO\OLNHO\WRRFFXULQZHWODQGVRUQRQZHWODQGV HVWLPDWHSUREDELOLW\SHUFHQW 
)$&8 )DFXOWDWLYH 8SODQG XVXDOO\ RFFXU LQ QRQZHWODQGV HVWLPDWHG SUREDELOLW\  SHUFHQW  EXW RFFDVLRQDOO\
IRXQGLQZHWODQGV HVWLPDWHSUREDELOLW\ 
83/ 2EOLJDWH 8SODQGV RFFXU DOPRVW DOZD\V HVWLPDWHG SUREDELOLW\ ! SHUFHQW  XQGHU QDWXUDO FRQGLWLRQV LQ
XSODQGV
1,1RLQGLFDWRU


7KH86$&(DQGWKH8QLWHG6WDWHV(QYLURQPHQWDO3URWHFWLRQ$JHQF\ 86(3$ GHILQHZHWODQGV
DVDUHDVLQXQGDWHGRUVDWXUDWHGE\VXUIDFHZDWHURUJURXQGZDWHUDWDIUHTXHQF\DQGGXUDWLRQ
VXIILFLHQW WR VXSSRUW DQG WKDW XQGHU QRUPDO FLUFXPVWDQFHV GR VXSSRUW D SUHYDOHQFH RI
YHJHWDWLRQW\SLFDOO\DGDSWHGIRUOLIHLQVDWXUDWHGVRLOFRQGLWLRQV &RGHRI)HGHUDO5HJXODWLRQV
&)5  3DUW   7KH 86$&( UHJXODWHV GHYHORSPHQW LQ MXULVGLFWLRQDO ZHWODQGV SXUVXDQW WR
VHFWLRQ  RI WKH &OHDQ :DWHU $FW &:$   &)5 3DUWV ±  $ MXULVGLFWLRQDO
GHWHUPLQDWLRQLVWKHSURFHVVRILGHQWLI\LQJDQGORFDWLQJMXULVGLFWLRQDOZDWHUVRIWKH8QLWHG6WDWHV
LQFOXGLQJ ZHWODQGV  ,GHQWLILFDWLRQ DQG GHOLQHDWLRQ RI MXULVGLFWLRQDO ZHWODQGV LV EDVHG RQ WKH
IROORZLQJWKUHHSDUDPHWHUV
x K\GURSK\WLFYHJHWDWLRQ±WKHGRPLQDQWYHJHWDWLRQFRQVLVWVRIVSHFLHVFDSDEOHRIJURZLQJ
LQZDWHURURQVXEVWUDWHWKDWLVDWOHDVWSHULRGLFDOO\GHILFLHQWLQR[\JHQDVDUHVXOWRIWKH
SUHVHQFHRIZDWHU
x K\GULF VRLOV ± VRLOV WKDW DUH VDWXUDWHG IORRGHG RU SRQGHG ORQJ HQRXJK GXULQJ WKH
JURZLQJ VHDVRQ WR GHYHORS DQDHURELF FRQGLWLRQV WKDW IDYRU WKH JURZWK RI K\GURSK\WLF
YHJHWDWLRQDQG
x ZHWODQG K\GURORJ\ ± WKH DUHD LV LQXQGDWHG SHUPDQHQWO\ RU SHULRGLFDOO\ RU WKH VRLO LV
VDWXUDWHG WR WKH VXUIDFH IRU VXIILFLHQW GXUDWLRQ GXULQJ WKH JURZLQJ VHDVRQ WR VXSSRUW
K\GURSK\WLFYHJHWDWLRQ
+RZHYHU VDWLVI\LQJ WKH WKUHH SDUDPHWHUV GRHV QRW QHFHVVDULO\ TXDOLI\ WKH ZHWODQG DV D
MXULVGLFWLRQDO IHDWXUH XQGHU 86$&( UHJXODWLRQV 7KH  86 6XSUHPH &RXUW FDVH 6ROLG
:DVWH$JHQF\RI1RUWKHUQ&RRN&RXQW\ 6:$1&& Y8QLWHG6WDWHV$UP\&RUSVRI(QJLQHHUV
UHGXFHGWKHUHJXODWRU\SRZHURIWKH86$&(3ULRUWRWKLVGHFLVLRQWKH86$&(DIIRUGHGIHGHUDO
SURWHFWLRQ WR YLUWXDOO\ DOO ZHWODQGV 7KH JHQHUDO UHVXOW RI WKH 6:$1&& GHFLVLRQ ZDV WKDW WKH
86$&( FRXOG RQO\ WDNH MXULVGLFWLRQ RYHU QDYLJDEOH ZDWHUV WKHLU WULEXWDULHV DQG ZHWODQGV WKDW
DUHDGMDFHQWWRWKHVHQDYLJDEOHZDWHUZD\VDQGWKHLUWULEXWDULHV,VRODWHGZHWODQGVRU ZHWODQGV
WKDWVDWLVI\WKHWKUHHFULWHULDEXWKDYHQRGLUHFWVXUIDFHFRQQHFWLRQWRQDYLJDEOHZDWHUVRUWKHLU
WULEXWDULHVZHUHQRORQJHUDIIRUGHGIHGHUDOSURWHFWLRQ
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7KH 86$&(¶V UHJXODWRU\ DELOLW\ WRFODLPIHGHUDOMXULVGLFWLRQ RYHU ZHWODQGV ZDV IXUWKHUUHGXFHG
DIWHU WKH  86 6XSUHPH &RXUW FDVHV 5DSDQRV Y 8QLWHG 6WDWHV DQG &DUDEHOO Y 8QLWHG
6WDWHV FRPPRQO\ UHIHUUHG WR DV 5DSDQRV   :KLOH WKH 6:$1&& GHFLVLRQ JDYH WKH
86$&( IHGHUDO MXULVGLFWLRQ RYHU SHUHQQLDO VWUHDPV LQWHUPLWWHQW VWUHDPV DQG WKHLU DGMDFHQW
ZHWODQGV 5DSDQRV LQWURGXFHG WKH FRQFHSW RI D VLJQLILFDQW QH[XV ZKHQ GHWHUPLQLQJ IHGHUDO
MXULVGLFWLRQRYHULQWHUPLWWHQWVWUHDPVDQGWKHLUDGMDFHQWZHWODQGVWKDW DUHLQGLUHFWWULEXWDULHVWR
QDYLJDEOHZDWHUV$VLJQLILFDQWQH[XVDQDO\VLVDVVHVVHVWKHIORZFKDUDFWHULVWLFVRIWKHWULEXWDU\
DQG WKH IXQFWLRQV RI ERWK WKH WULEXWDU\ DQG DQ\ DGMDFHQW ZHWODQGV 7KH DVVHVVPHQW VHHNV WR
GHWHUPLQH LI WKH VWUHDP DQG LWV DGMDFHQW ZHWODQGV KDYH VLJQLILFDQW FKHPLFDO SK\VLFDO DQG
ELRORJLFDOHIIHFWVRQGRZQVWUHDPWUDGLWLRQDOQDYLJDEOHZDWHUV 71:V WKXVDFRQVLGHUDWLRQRI
K\GURORJLFDQGHFRORJLFIDFWRUVLVFRQVLGHUHG7KHLQWURGXFWLRQRIWKHVLJQLILFDQWQH[XVDQDO\VLV
UHTXLUHV PRUH GRFXPHQWDWLRQ RI ZHWODQGV WKDQ KDV WUDGLWLRQDOO\ EHHQ QHFHVVDU\ DGGLWLRQDOO\
WKH IXUWKHU WKH GLVWDQFH IURP WKH WULEXWDU\ WR WKH QDYLJDEOH ZDWHU WKH PRUH LPSRUWDQW LW LV WR
JDWKHULQFUHDVLQJO\PRUHGDWD
%DVHG RQ WKHVH FRXUW GHFLVLRQV WKH 86$&( DQG WKH 86 (3$ DVVHUW MXULVGLFWLRQ RYHU QRQ
QDYLJDEOHWULEXWDULHVRI71:VZKHUHWKHWULEXWDULHVDUHUHODWLYHO\SHUPDQHQWZDWHUV 53:V DQ
LQWHUPLWWHQWRUSHUHQQLDOVWUHDPDUHDGMDFHQWWRD53:RUKDYHDVLJQLILFDQWQH[XVWRD53:
$GGLWLRQDOO\LIZHWODQGK\GURORJ\LVGHULYHGIURPJURXQGZDWHUGLVFKDUJH VSULQJRUVHHS RULI
WKH ZHWODQG ZDV FUHDWHG WR PLWLJDWH IRU IRUPHU LPSDFWV WKH 86$&( FDQ GHFLGH WR WDNH
MXULVGLFWLRQ RYHU WKHP KRZHYHU WKHVH GHFLVLRQV DUH GHFLGHG RQ D FDVHE\FDVH EDVLV ,W LV
DVVXPHGWKDWDOOZHWODQGVREVHUYHGLQWKHSURMHFWDUHDDUHDGMDFHQWWRQRQWUDGLWLRQDOQDYLJDEOH
ZDWHUVWKDWIORZGLUHFWO\RULQGLUHFWO\LQWR71:

 :HWODQGV
7KH ZHWODQG FRPPXQLWLHV LGHQWLILHG DQG GHOLQHDWHG LQ WKH SURMHFW DUHD DUH GHVFULEHG LQ WKLV
VHFWLRQ 7KH VXUYH\HG ZHWODQG ERXQGDULHV DUH SUHVHQWHG LQ 9ROXPH ,, :HWODQG KDELWDWV
LGHQWLILHG LQ WKLV GHOLQHDWLRQ KDYH EHHQ FDWHJRUL]HG EDVHG RQ ILHOG REVHUYDWLRQ XVLQJ WKH
&ODVVLILFDWLRQRI:HWODQGVDQG'HHSZDWHU+DELWDWVRIWKH8QLWHG6WDWHV &RZDUGLQHWDO 
7KUHHZHWODQGV\VWHPVZHUHLGHQWLILHGZLWKLQWKHSURMHFWDUHD
3DOXVWULQH IRUHVWHG ZHWODQG EURDGOHDYHG GHFLGXRXV 3)2  7KHVH ZHWODQGV DUH
FKDUDFWHUL]HG E\ ZRRG\ YHJHWDWLRQ WKDW LV  PHWHUV WDOO RU WDOOHU 3DOXVWULQH ZHWODQGV LQFOXGH
QRQWLGDO ZHWODQGV RU ZHWODQGV LQ WLGDO DUHDV ZLWK VDOLQLW\ EHORZ  SDUWV SHU WKRXVDQG SSW 
%URDGOHDYHGGHFLGXRXVZHWODQGYHJHWDWLRQLQFOXGHVZRRG\DQJLRVSHUPV WUHHVRUVKUXEV ZLWK
UHODWLYHO\ZLGHIODWOHDYHVWKDWDUHVKHGGXULQJWKHFROGRUGU\VHDVRQ
2EVHUYHG K\GURORJLF UHJLPHV DVVRFLDWHG ZLWK IRUHVWHG ZHWODQGV LQ WKH SURMHFW DUHD LQFOXGH
WHPSRUDU\IORRGHG $ VHDVRQDOO\IORRGHGVDWXUDWHG ( DQGWHPSRUDU\WLGDO 6 
3DOXVWULQH VFUXEVKUXE ZHWODQG EURDGOHDYHG GHFLGXRXV 366  7KHVH ZHWODQGV DUH
FKDUDFWHUL]HG E\ ZRRG\ YHJHWDWLRQ WKDW LV OHVV WKDQ  PHWHUV WDOO 7KH VSHFLHV LQFOXGH WUXH
VKUXEV \RXQJ WUHHV VDSOLQJV  DQG WUHHV DQG VKUXEV WKDW DUH VPDOO RU VWXQWHG EHFDXVH RI
HQYLURQPHQWDO FRQGLWLRQV 3DOXVWULQH ZHWODQGV LQFOXGH QRQWLGDO ZHWODQGV RU ZHWODQGV LQ WLGDO
DUHDV ZLWK VDOLQLW\ EHORZ  SSW %URDGOHDYHG GHFLGXRXV ZHWODQG YHJHWDWLRQ LQFOXGHV ZRRG\
DQJLRVSHUPV WUHHVRUVKUXEV ZLWKUHODWLYHO\ ZLGHIODWOHDYHVWKDWDUHVKHGGXULQJWKHFROGRU
GU\VHDVRQ
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2EVHUYHGK\GURORJLFUHJLPHVDVVRFLDWHGZLWKVFUXEVKUXEZHWODQGVLQWKHSURMHFWDUHDLQFOXGH
VHDVRQDOO\IORRGHGVDWXUDWHG ( VHDVRQDOWLGDO 5 DQGWHPSRUDU\WLGDO 6 
3DOXVWULQH HPHUJHQW SHUVLVWHQW 3(0  7KHVH ZHWODQGV DUH FKDUDFWHUL]HG E\ HUHFW URRWHG
KHUEDFHRXVK\GURSK\WHVH[FOXGLQJPRVVHVDQGOLFKHQV7KHYHJHWDWLRQLVSUHVHQWIRUPRVWRI
WKHJURZLQJVHDVRQLQPRVW\HDUV7KHVHZHWODQGVDUHXVXDOO\GRPLQDWHGE\SHUHQQLDOSODQWV
3HUVLVWHQWHPHUJHQWZHWODQGVDUHGRPLQDWHGE\VSHFLHVWKDWQRUPDOO\UHPDLQVWDQGLQJDWOHDVW
XQWLOWKHEHJLQQLQJRIWKHQH[WJURZLQJVHDVRQ3DOXVWULQHZHWODQGVLQFOXGHQRQWLGDOZHWODQGVRU
ZHWODQGVLQWLGDODUHDVZLWKVDOLQLW\EHORZSSW
2EVHUYHG K\GURORJLF UHJLPHV DVVRFLDWHG ZLWK HPHUJHQW ZHWODQGV LQ WKH SURMHFW DUHD LQFOXGH
VHDVRQDOO\IORRGHGVDWXUDWHG ( 
+\GURORJLFUHJLPHVDUHOLVWHGEHORZ
x 7HPSRUDU\)ORRGHG $ZDWHUUHJLPH ±6XUIDFHZDWHULVSUHVHQWIRUEULHISHULRGVGXULQJ
WKHJURZLQJVHDVRQEXWWKHZDWHUWDEOHXVXDOO\OLHVZHOOEHORZWKHVRLOVXUIDFHIRUPRVW
RIWKHJURZLQJVHDVRQ
x 6HDVRQDOO\)ORRGHG6DWXUDWHG (ZDWHUUHJLPH ±6XUIDFHZDWHULVSUHVHQWIRUH[WHQGHG
SHULRGV HVSHFLDOO\ HDUO\ LQ WKH JURZLQJ VHDVRQ DQG ZKHQ VXUIDFH ZDWHU LV DEVHQW
VXEVWUDWHUHPDLQVVDWXUDWHGQHDUWKHVRLOVXUIDFHIRUPXFKRIWKHJURZLQJVHDVRQ
x 6HDVRQDO7LGDO 5 ZDWHU UHJLPH  ± :HWODQGV WKDW DUH IORRGHG E\ IUHVKZDWHU WLGHV IRU
H[WHQGHGSHULRGVHVSHFLDOO\HDUO\LQWKHJURZLQJVHDVRQEXWLVDEVHQWE\WKHHQGRIWKH
JURZLQJVHDVRQLQPRVW\HDUVDUHVHDVRQDOO\IORRGHGWLGDO7KHZDWHUWDEOHDIWHUIORRGLQJ
FHDVHVLVYDULDEOHH[WHQGLQJIURPVDWXUDWHGWRWKHVXUIDFHWRDZDWHUWDEOH ZHOOEHORZ
WKHJURXQGVXUIDFH
x 7HPSRUDU\7LGDO 6 ZDWHU UHJLPH  ± :HWODQGV ZLWK WKLV ZDWHU UHJLPH DUH IORRGHG E\
IUHVKZDWHUWLGHVIRUEULHISHULRGVGXULQJWKHJURZLQJVHDVRQEXWWKHZDWHUWDEOHXVXDOO\
OLHVZHOOEHORZWKHVRLOVXUIDFHIRUPRVWRIWKHJURZLQJVHDVRQ

 8SODQGV
7KH XSODQG FRPPXQLWLHV REVHUYHG ZLWKLQ WKH SURMHFW DUHD LQFOXGH FRDVWDO IRUHVWZRRGODQG
7KHVH FRPPXQLWLHV DUH IRXQG LQ PRUH SURWHFWHG DUHDV DORQJ WKH FRDVW EHKLQG GXQHV DQG RQ
VORSHV DZD\ IURP WKH ZDWHU DQG EHKLQG PDULWLPH IRUHVWV &RDVWDO IRUHVWV DUH VKHOWHUHG IURP
GLUHFW GDLO\ PDULWLPH LQIOXHQFHV LH WKH\ DUH QRW LQ WKH GDLO\ VDOW VSUD\ ]RQH EXW GR UHFHLYH
ZLQGDQGVDOWGXULQJVWRUPV 7KHFRPPXQLW\RFFXUVZLWKLQFOLPDWHVPRGHUDWHGE\SUR[LPLW\WR
WKHRFHDQZKHUHWKHZLQWHUVDUHZDUPHUDQGWKHVXPPHUVDUHFRROHUWKDQPRUHLQODQGDUHDV
7KHVHDUHDVRIWHQRFFXURQVDQGRUEHGURFNWKDWGRQRWKROGZDWHUKRZHYHUIRJDQGLQFUHDVHG
SUHFLSLWDWLRQFDQSURGXFHPRUHDYDLODEOHZDWHUWKDQIXUWKHULQODQG+LVWRULFDOO\ILUHZDVRIWHQDQ
LPSRUWDQW IDFWRU LQ FRDVWDO IRUHVWV 7KLV LV D PL[HG IRUHVW WKDW RFFXUV RQ VDQG\ VRLOV VDQG\
UDYLQHVLQSLQHEDUUHQVRURQVORSHVZLWKURFN\VRLOVWKDWDUHZHOOGUDLQHG
7KH FDQRS\ LV GRPLQDWHG E\ D PL[WXUH RI RDNV DQG SLQHV 7UHH RDNV VFDUOHW RDN EODFN RDN
4XHUFXV FRFFLQHD DQG 4XHUFXV YHOXWLQD  DQG ZKLWH RDN 4XHUFXV DOED  DQG FKHVWQXW RDN
4XHUFXV SULQXV  DUH WKH GRPLQDQW VSHFLHV RI WKH FRDVWDO IRUHVW 5HG PDSOH DFHU UXEUXP 
VDVVDIUDV 6DVVDIUDV DOELGXP  EODFN FKHUU\ 3UXQXV VHURWLQD  EODFN JXP 1\VVD V\OYDWLFD 
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EHHFK )DJXV JUDQGLIROLD  SLWFK SLQH SLQXV ULJLGD  DQG ZKLWH SLQH 3LQXV VWUREXV  FRPPRQO\
RFFXU XVXDOO\ LQ ORZ SHUFHQWDJHV EXW DUH RFFDVLRQDOO\ DEXQGDQW 5HG FHGDU -XQLSHUXV
YLUJLQLDQD  RFFXUV LQ ORZ SHUFHQWDJHV LQ WKH IRUHVWV DQG LV VRPHWLPHV GRPLQDQW LQ ZRRGODQG
WKLFNHWV$ORZVKUXEKHDWKOD\HUGRPLQDWHGE\ORZEXVKEOXHEHUULHV 9DFFLQLXPDQJXVWLIROLXP 
DQG EODFN KXFNOHEHUU\ *D\OXVVDFLD EDFFDWD  LV YHU\ FKDUDFWHULVWLF 7KH KHUEDFHRXV OD\HU LV
W\SLFDOO\ VSDUVH ZLWK 3HQQV\OYDQLD VHGJH &DUH[ SHQV\OYDQLFD  EUDFNHQ IHUQ 3WHULGLXP
DTXLOLQXP ZLQWHUJUHHQ *DXOWKHULDSURFXPEHQV DQGZLOGVDUVDSDULOOD $UDOLDQXGLFDXOLV EHLQJ
W\SLFDO0RVWRFFXUUHQFHVRIFRDVWDOIRUHVWVKDYHPDQ\YLQHVRQWKHHGJHVDQGLQRSHQLQJVRI
WKHIRUHVW3RLVRQLY\ 7R[LFRGHQGURQUDGLFDQV 9LUJLQLDFUHHSHU 3DUWKHQRFLVVXVTXLQTXHIROLD 
JUDSH 9LWLVVSS DQGJUHHQEULHUV 6PLOD[VSS FDQEHORFDOO\DEXQGDQW

3.5

Results

7ZHOYH ZHWODQG DUHDV ZHUH LGHQWLILHG DQG GHOLQHDWHG ZLWKLQ WKH OLPLWV RI WKH SURMHFW DUHD 7KH
JHQHUDO FKDUDFWHULVWLFV RI WKH GHOLQHDWHG ZHWODQGV LQFOXGLQJ WKH DSSUR[LPDWH DUHD ZLWKLQ WKH
VXEMHFWSURSHUW\DQGFODVVLILFDWLRQDUHVXPPDUL]HGLQ7DEOH,WVKRXOGEHQRWHGWKDWPDQ\RI
WKHGHOLQHDWHGZHWODQGVH[WHQGRIIVLWHDQGWKHDSSUR[LPDWHVL]HUHSUHVHQWVWKHDUHDIRXQGRQO\
ZLWKLQWKHSURMHFWDUHD
9HJHWDWHGZHWODQGVZLWKLQWKHSURMHFWDUHDDUHFODVVLILHGXQGHUWKH:3$DVHLWKHU%9:RU,6/)
%9:V DUH GHILQHG LQ  &05   DV ³IUHVKZDWHU ZHWODQGV ZKLFK ERUGHU RQ FUHHNV ULYHUV
VWUHDPVSRQGVDQGODNHV´,6/)LVGHILQHGLQ&05  E  DV³DQLVRODWHGGHSUHVVLRQRU
DFORVHGEDVLQZKLFKVHUYHVDVDSRQGLQJDUHDIRUUXQRIIRUKLJKJURXQGZDWHUZKLFKKDVULVHQ
DERYHWKHJURXQGVXUIDFH´:HOOIOHHWDQG7UXURKDYHMXULVGLFWLRQRYHUERWK%9:VDQG,6/)V

7DEOH6XPPDU\RI'HOLQHDWHG:HWODQGVZLWKLQWKH3URMHFW$UHD
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3 3KRWRJUDSK

:HWODQG$%:HWODQG$%LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQ
WKHILHOGE\ $VHULHV DQG %VHULHV ZHWODQGIODJVDQGLVGHSLFWHGRQWKHSODQV 9ROXPH
,,  0DVV'(3 DQG WKH ORFDO &RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWVWKH:3$ ZRXOG GHILQH
:HWODQG$%DVD%9:DGMDFHQWWRWULEXWDULHVWRWKH+HUULQJ5LYHU:HWODQG$%H[WHQGVRXWVLGH
RIWKHSURMHFWDUHD7KLVODUJHSDOXVWULQHIRUHVWHGZHWODQG 3)2( DVVRFLDWHGZLWKWKH+HUULQJ
5LYHU LV GRPLQDWHG E\ UHG PDSOH FRDVWDO VZHHW SHSSHUEXVK &KOHWKUD DOQLIROLD  DQG VZDPS
D]DOHD 5KRGRGHQGURQYLVFRVXP 
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHUK\GURORJLFLQGLFDWRUVREVHUYHGRQVLWHLQFOXGHGVXUIDFHZDWHUDQG ZDWHUVWDLQHGOHDYHV
7KH HYLGHQFH RI SULPDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\ VDWLVILHV WKH FULWHULRQ WKDW ZHWODQG
K\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV)UHHWRZQDQG6ZDQVHDPXFNVZKLFKDUHOLVWHGDVK\GULFVRLOV7KH
WHVWSLWVRLOSURILOHH[FDYDWHGWRDSSUR[LPDWHO\LQFKHVXVLQJDQDXJHULQFOXGHGDORZFKURPD
 GDUNJUD\LVKEURZQQRQVWLFN\SHDW7KHSUHVHQFHRIDORZFKURPDVRLOZLWKUHGR[LPRUSKLF
FRQFHQWUDWLRQVZDVDSRVLWLYHLQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG&:HWODQG&LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWV WKH :3$ ZRXOG GHILQH :HWODQG & DV D %9:
DGMDFHQWWRWKH+HUULQJ5LYHU:HWODQG&H[WHQGVRIIVLWH7KLVODUJHSDOXVWULQHIRUHVWHGZHWODQG
3)26 DVVRFLDWHGZLWKWKH+HUULQJ5LYHULVGRPLQDWHGE\UHGRDN 4XHUFXVUXEUD JUD\ELUFK
%HWXODSRSXOLIROLD DQGVRXWKHUQDUURZZRRG 9LEXUQXPGHQWDWXP 
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQ VLWH LQFOXGHG VXUIDFH ZDWHU VDWXUDWLRQ LQXQGDWLRQ
YLVLEOH RQ DHULDO LPDJHU\ ZDWHUVWDLQHG OHDYHV DQG JHRPRUSKLF SRVLWLRQ 7KH HYLGHQFH RI
SULPDU\ DQG VHFRQGDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\ VDWLVILHV WKH FULWHULRQ WKDW ZHWODQG
K\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV0D\ELGYDULDQWVLOW\FOD\ORDPZKLFKLVDOLVWHGK\GULFVRLO7KHWHVW
SLW VRLO SURILOH H[FDYDWHG WR DSSUR[LPDWHO\  LQFKHV XVLQJ DQ DXJHU LQFOXGHG D ORZ FKURPD
  VRLO ZLWK UHGR[LPRUSKLF IHDWXUHV DW  LQFKHV 7KH SUHVHQFH RI D ORZ FKURPD VRLO DQG
UHGR[LPRUSKLFIHDWXUHVZDVDSRVLWLYHLQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG'(:HWODQG'(LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQ
WKHILHOGE\ 'VHULHV DQG (VHULHV ZHWODQGIODJVDQGLVGHSLFWHGRQWKHSODQV 9ROXPH
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,,  0DVV'(3 DQG WKH ORFDO &RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWVWKH:3$ ZRXOG GHILQH
:HWODQG'(DVD%9:DGMDFHQWWRWKH+HUULQJ5LYHU:HWODQG'(H[WHQGVRIIVLWH7KLVODUJH
SDOXVWULQH VFUXEVKUXE ZHWODQG 3665G  DVVRFLDWHG ZLWK WKH +HUULQJ 5LYHU LV GRPLQDWHG E\
JUD\ELUFKUHGPDSOHZLQWHUEHUU\KLJKEXVKEOXHEHUU\DQGVRXWKHUQDUURZZRRG
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQ VLWH LQFOXGHG ZDWHUVWDLQHG OHDYHV DQG WKH VLWH¶V
JHRPRUSKLF SRVLWLRQ LQ WKH ODQGVFDSH 7KH HYLGHQFH RI SULPDU\ DQG VHFRQGDU\ LQGLFDWRUV RI
ZHWODQGK\GURORJ\VDWLVILHVWKHFULWHULRQWKDWZHWODQGK\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV)UHHWRZQDQG6ZDQVHDPXFNVZKLFKLVDUHOLVWHGDVK\GULFVRLOV
7KH WHVW SLW VRLO SURILOH H[FDYDWHG WR DSSUR[LPDWHO\  LQFKHV XVLQJ DQ DXJHU LQFOXGHG D ORZ
FKURPD  GDUNJUD\LVKEURZQQRQVWLFN\SHDW7KHSUHVHQFHRIDORZFKURPDVRLO  ZDVD
SRVLWLYHLQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG):HWODQG)LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWV WKH :3$ ZRXOG GHILQH :HWODQG ) DV ,/6) 7KLV
ZHWODQGLVVHSDUDWHGIURP:HWODQG&E\%RXQG%URRN,VODQG5RDGKRZHYHUWKHZHWODQG)LV
K\GURORJLFDOO\ FRQQHFWHG WR ZHWODQG & 7KLV SDOXVWULQH VFUXEVKUXE ZHWODQG 366(  LV
GRPLQDWHGE\ZLQWHUEHUU\ ,OH[YHUWLFLOODWD UHGRDNDQGKXFNOHEHUU\ *D\OXVVDFLDEDFFDWD 
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHUK\GURORJLFLQGLFDWRUVREVHUYHGRQVLWHLQFOXGHGVXUIDFHZDWHUDQG ZDWHUVWDLQHGOHDYHV
7KH HYLGHQFH RI SULPDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\ VDWLVILHV WKH FULWHULRQ WKDW ZHWODQG
K\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV&DUYHUFRDUVHVDQGZKLFKLVQRWOLVWHGDVDK\GULFVRLO7KHWHVWSLW
VRLOSURILOHH[FDYDWHGWRDSSUR[LPDWHO\LQFKHVXVLQJ DQDXJHULQFOXGHGDORZFKURPD  
GDUNJUD\LVKEURZQQRQVWLFN\SHDW7KHSUHVHQFHRIDORZFKURPDVRLO  ZLWKUHGR[LPRUSKLF
IHDWXUHVZDVDSRVLWLYHLQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG*:HWODQG*LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWV WKH :3$ ZRXOG GHILQH :HWODQG * DV D %9:
DGMDFHQW WR WKH +HUULQJ 5LYHU :HWODQG * H[WHQGV RIIVLWH 7KLV ODUJH SDOXVWULQH VFUXEVKUXE
ZHWODQG 3666  DVVRFLDWHG ZLWK WKH +HUULQJ 5LYHU LV GRPLQDWHG E\ VRXWKHUQ DUURZZRRG DQG
ZLQWHUEHUU\
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHUK\GURORJLFLQGLFDWRUVREVHUYHGRQVLWHLQFOXGHGZDWHUVWDLQHGOHDYHVDQGWKHSUHVHQFHRI
DZDWHUWDEOHDWLQFKHV7KHHYLGHQFHRISULPDU\LQGLFDWRUVRIZHWODQGK\GURORJ\VDWLVILHVWKH
FULWHULRQWKDWZHWODQGK\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV&DUYHUFRDUVHVDQGZKLFKLVQRWOLVWHGDVDK\GULFVRLO7KHWHVWSLW
VRLO SURILOH ZDV H[FDYDWHG WR DSSUR[LPDWHO\  LQFKHV XVLQJ DQ DXJHU 7KH SUHVHQFH RI D ORZ
FKURPD VRLO   ZLWK UHGR[LPRUSKLF IHDWXUHV ZDV D SRVLWLYH LQGLFDWRU WKDW K\GULF VRLOV ZHUH
SUHVHQW
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:HWODQG+:HWODQG+LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWV WKH :3$ ZRXOG GHILQH :HWODQG + DV D %9:
DGMDFHQW WR D WULEXWDU\ WR WKH +HUULQJ 5LYHU:HWODQG + RFFXSLHV D ODUJH SRUWLRQ RI WKH SURMHFW
DUHDDQGH[WHQGVRIIVLWH7KLVODUJHSDOXVWULQHVFUXEVKUXEIRUHVWHGZHWODQG 366(G3)2( 
DVVRFLDWHG ZLWK WKH +HUULQJ 5LYHU LV GRPLQDWHG E\ VZDPS URVH 5RVD SDOXVWULV  VWDJKRUQ
VXPDF 5KXV W\SKLQD  VRXWKHUQ DUURZZRRG FLQQDPRQ IHUQ 2VPXQGD FLQQDPRPHD  DQG
6SKDJQXPPRVV
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQ VLWH LQFOXGHG VXUIDFH ZDWHU VDWXUDWLRQ D KLJK ZDWHU
WDEOH ZDWHUVWDLQHG OHDYHV K\GURJHQ VXOILGH RGRU LQXQGDWLRQ YLVLEOH RQ DHULDO LPDJHU\ DQG
JHRPRUSKLF SRVLWLRQ 7KH HYLGHQFH RI SULPDU\ DQG VHFRQGDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\
VDWLVILHVWKHFULWHULRQWKDWZHWODQGK\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV)UHHWRZQDQG6ZDQVHDPXFNVZKLFKLVDUHOLVWHGDVK\GULFVRLOV
7KH WHVW SLW VRLO SURILOH H[FDYDWHG WR DSSUR[LPDWHO\  LQFKHV XVLQJ DQ DXJHU LQFOXGHG D ORZ
FKURPD  GDUNJUD\LVKEURZQQRQVWLFN\SHDW7KHSUHVHQFHRIDORZFKURPDVRLO  ZDVD
SRVLWLYHLQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG,:HWODQG,LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ&RPPLVVLRQWKDWLPSOHPHQWVWKH:3$ZRXOGGHILQH:HWODQG,DVD%9:DGMDFHQW
WR D WULEXWDU\ RI %RXQG %URRN :HWODQG , H[WHQGV RIIVLWH 7KLV SDOXVWULQH IRUHVWHG ZHWODQG
3)2$ DVVRFLDWHGZLWK%RXQG%URRNLVGRPLQDWHGE\UHGPDSOHFRDVWDOVZHHWSHSSHUEXVK
DQGFRPPRQJUHHQEULHU
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU SUHFLSLWDWLRQ HYHQWV DQG
RYHUEDQN IORRGLQJ 2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQ VLWH LQFOXGHG VDWXUDWLRQ D KLJK
ZDWHU WDEOH ZDWHUVWDLQHG OHDYHV DQG JHRPRUSKLF SRVLWLRQ 7KH HYLGHQFH RI SULPDU\ DQG
VHFRQGDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\ VDWLVILHV WKH FULWHULRQ WKDW ZHWODQG K\GURORJ\ LV
SUHVHQW
7KLVZHWODQGLVPDSSHGDV&DUYHUFRDUVHVDQGZKLFKLVQRWOLVWHGDVDK\GULFVRLO7KHWHVWSLW
VRLOSURILOHH[FDYDWHGWRDSSUR[LPDWHO\LQFKHVXVLQJDQDXJHULQFOXGHGDORZFKURPD  
GDUN JUD\LVK EURZQ QRQVWLFN\ SHDW 7KH SUHVHQFH RI D ORZ FKURPD VRLO   ZDV D SRVLWLYH
LQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG-:HWODQG-LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWV WKH :3$ ZRXOG GHILQH :HWODQG - DV ,/6) 7KLV
SDOXVWULQHVFUXEVKUXEZHWODQG 366( LVFODVVLILHGDV,/6)EHFDXVHLWLVSK\VLFDOO\VHSDUDWHG
IURPWKH+HUULQJ5LYHU7KLVZHWODQGLVGRPLQDWHGE\EODFNJXPDQGVRXWKHUQDUURZZRRG
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQVLWH LQFOXGHG VXUIDFH ZDWHU DQGZDWHUVWDLQHG OHDYHV
7KH HYLGHQFH RI SULPDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\ VDWLVILHV WKH FULWHULRQ WKDW ZHWODQG
K\GURORJ\LVSUHVHQW
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7KLVZHWODQGLVPDSSHGDV&DUYHUFRDUVHVDQGZKLFKLVQRWOLVWHGDVDK\GULFVRLO7KHWHVWSLW
VRLOSURILOHH[FDYDWHGWRDSSUR[LPDWHO\LQFKHVXVLQJDQDXJHULQFOXGHGDORZFKURPD  
GDUNJUD\LVKEURZQQRQVWLFN\SHDW7KHSUHVHQFHRIDORZFKURPDVRLO  DQGUHGR[LPRUSKLF
IHDWXUHVZDVDSRVLWLYHLQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG./:HWODQG./LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQ
WKHILHOGE\ .VHULHV DQG /VHULHV ZHWODQGIODJVDQGLVGHSLFWHGRQWKHSODQV 9ROXPH
,,  0DVV'(3 DQG WKH ORFDO &RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWVWKH:3$ ZRXOG GHILQH
:HWODQG./DVD%9:DGMDFHQWWR%RXQG%URRN:HWODQG./H[WHQGVRIIVLWH7KLVSDOXVWULQH
VFUXEVKUXE ZHWODQG 366(  DVVRFLDWHG ZLWK %RXQG %URRN LV GRPLQDWHG E\ UHG PDSOH
PDOHEHUU\ /\RQLD OLJXVWULQD  KLJKEXVK EOXHEHUU\ 9DFFLQLXP DQJXVWLIROLXP  DQG 6SKDJQXP
PRVV
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU SUHFLSLWDWLRQ HYHQWV DQG
RYHUEDQN IORZ 2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQ VLWH LQFOXGHG VXUIDFH ZDWHU ZDWHU
VWDLQHG OHDYHV LQXQGDWLRQ YLVLEOH RQ DHULDO LPDJHU\ DQG PLFURWRSRJUDSK\ 7KH HYLGHQFH RI
SULPDU\ DQG VHFRQGDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\ VDWLVILHV WKH FULWHULRQ WKDW ZHWODQG
K\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV)UHHWRZQDQG6ZDQVHDPXFNVZKLFKDUHOLVWHGDVK\GULFVRLOV7KH
WHVWSLWVRLOSURILOHH[FDYDWHGWRDSSUR[LPDWHO\LQFKHVXVLQJDQDXJHULQFOXGHGDORZFKURPD
 GDUNJUD\LVKEURZQQRQVWLFN\SHDW7KHSUHVHQFHRIDORZFKURPDVRLO  ZDVDSRVLWLYH
LQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG 014 :HWODQG 014 LV MXULVGLFWLRQDO XQGHU VHFWLRQ  RI WKH &:$ DQG ZDV
GHOLQHDWHG LQ WKH ILHOG E\  0 VHULHV   1 VHULHV  DQG  4 VHULHV  ZHWODQG IODJV DQG LV
GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO &RQVHUYDWLRQ &RPPLVVLRQ WKDW
LPSOHPHQWVWKH:3$ZRXOGGHILQH:HWODQG014DVD%9:DGMDFHQWWR%RXQG%URRN:HWODQG
014 H[WHQGV RIIVLWH 7KLV SDOXVWULQH VFUXEVKUXEHPHUJHQW ZHWODQG 366(3(0( 
DVVRFLDWHGZLWK%RXQG%URRNLVGRPLQDWHGE\PDOHEHUU\VZDPSD]DOHDFRPPRQJUHHQEULHU
DQGVHQVLWLYHIHUQ 2QRFOHDVHQVLELOLV 
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU SUHFLSLWDWLRQ HYHQWV DQG
RYHUEDQNIORZ2WKHUK\GURORJLFLQGLFDWRUVREVHUYHGRQVLWHLQFOXGHGVXUIDFHZDWHUVDWXUDWLRQ
ZDWHUVWDLQHGOHDYHVVDWXUDWLRQYLVLEOHRQDHULDO LPDJHU\DQGPLFURWRSRJUDSK\7KHHYLGHQFH
RI SULPDU\ DQG VHFRQGDU\ LQGLFDWRUV RI ZHWODQG K\GURORJ\ VDWLVILHV WKH FULWHULRQ WKDW ZHWODQG
K\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV)UHHWRZQDQG6ZDQVHDPXFNVZKLFKLVDUHOLVWHGDVK\GULFVRLOV
7KH WHVW SLW VRLO SURILOH H[FDYDWHG WR DSSUR[LPDWHO\  LQFKHV XVLQJ DQ DXJHU LQFOXGHG D ORZ
FKURPD  GDUNJUD\LVKEURZQQRQVWLFN\SHDW7KHSUHVHQFHRIDORZFKURPDVRLO  ZDVD
SRVLWLYHLQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG2:HWODQG2LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ &RPPLVVLRQ WKDW LPSOHPHQWV WKH :3$ ZRXOG GHILQH :HWODQG 2 DV  ,6/) 7KLV
SDOXVWULQHVFUXEVKUXEZHWODQG 366( LVGRPLQDWHGE\FRDVWDOVZHHWSHSSHUEXVK
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7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQVLWH LQFOXGHG VXUIDFH ZDWHU VDWXUDWLRQ D KLJK ZDWHU
WDEOHZDWHUVWDLQHGOHDYHVDQGJHRPRUSKLFSRVLWLRQ7KHHYLGHQFHRISULPDU\DQGVHFRQGDU\
LQGLFDWRUVRIZHWODQGK\GURORJ\VDWLVILHVWKHFULWHULRQWKDWZHWODQGK\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV&DUYHUFRDUVHVDQGZKLFKLVQRWOLVWHGDVDK\GULFVRLO7KHWHVWSLW
VRLOSURILOHH[FDYDWHGWRDSSUR[LPDWHO\LQFKHVXVLQJDQDXJHULQFOXGHGDORZFKURPD  
GDUN JUD\LVK EURZQ QRQVWLFN\ SHDW 7KH SUHVHQFH RI D ORZ FKURPD VRLO   ZDV D SRVLWLYH
LQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW
:HWODQG3:HWODQG3LVMXULVGLFWLRQDOXQGHUVHFWLRQRIWKH&:$DQGZDVGHOLQHDWHGLQWKH
ILHOG E\  ZHWODQG IODJV DQG LV GHSLFWHG RQ WKH SODQV 9ROXPH ,,  0DVV'(3 DQG WKH ORFDO
&RQVHUYDWLRQ&RPPLVVLRQ WKDW LPSOHPHQWVWKH:3$ ZRXOGOLNHO\ GHILQH:HWODQG3 DVD%9:
DGMDFHQWWR%RXQG%URRN7KLVSDOXVWULQHVFUXEVKUXEZHWODQG 366( DVVRFLDWHGZLWK%RXQG
%URRNLVGRPLQDWHGE\ZLQWHUEHUU\KLJKEXVKEOXHEHUU\DQGFRDVWDOVZHHWSHSSHUEXVK
7KLV ZHWODQG LV SULPDULO\ VXSSRUWHG K\GURORJLFDOO\ E\ JURXQGZDWHU DQG SUHFLSLWDWLRQ HYHQWV
2WKHU K\GURORJLF LQGLFDWRUV REVHUYHG RQVLWH LQFOXGHG VDWXUDWLRQ D KLJK ZDWHU WDEOH ZDWHU
VWDLQHGOHDYHVDQGVDWXUDWLRQYLVLEOHRQDHULDOLPDJHU\7KHHYLGHQFHRISULPDU\DQGVHFRQGDU\
LQGLFDWRUVRIZHWODQGK\GURORJ\VDWLVILHVWKHFULWHULRQWKDWZHWODQGK\GURORJ\LVSUHVHQW
7KLVZHWODQGLVPDSSHGDV&DUYHUFRDUVHVDQGZKLFKLVQRWOLVWHGDVDK\GULFVRLO7KHWHVWSLW
VRLOSURILOHH[FDYDWHGWRDSSUR[LPDWHO\LQFKHVXVLQJDQDXJHULQFOXGHGDORZFKURPD  
GDUN JUD\LVK EURZQ QRQVWLFN\ SHDW 7KH SUHVHQFH RI D ORZ FKURPD VRLO   ZDV D SRVLWLYH
LQGLFDWRUWKDWK\GULFVRLOVZHUHSUHVHQW

3.6

Bordering Vegetated Wetlands

$V GHILQHG LQ  &05   D  %RUGHULQJ 9HJHWDWHG :HWODQGV DUH IUHVKZDWHU ZHWODQGV
ZKLFKERUGHURQFUHHNVULYHUVVWUHDPVSRQGVDQGODNHV´%9:ERXQGDULHVDUHGHILQHGLQ
&05  F DV´WKHOLQHZLWKLQZKLFKSHUFHQWRUPRUHRIWKHYHJHWDWLRQDOFRPPXQLW\
FRQVLVWV RI ZHWODQG SODQWV DQG VDWXUDWHG RU LQXQGDWHG FRQGLWLRQV H[LVW´ $V QRWHG LQ 7DEOH 
PRVWRIWKHGHOLQHDWHGZHWODQGVDUHFRQVLGHUHG%9:XQGHUWKH:3$

3.7

Bank

$V GHILQHG LQ  &05   D F  D %DQN LV ³ WKH SRUWLRQ RI WKH ODQG VXUIDFH WKDW
QRUPDOO\ DEXWV DQG FRQILQHV D ZDWHUERG\´ 7KLV ODQG VXUIDFH ³ PD\ EH SDUWLDOO\ RU WRWDOO\
YHJHWDWHGRULWPD\EHFRPSULVHGRIH[SRVHGVRLOJUDYHORUVWRQH´³7KHXSSHUERXQGDU\RID
%DQN LV GHOLQHDWHG DV WKH ILUVW REVHUYDEOH EUHDN LQ WKH VORSH RU WKH PHDQ DQQXDO IORRG OHYHO
ZKLFKHYHULVORZHU´%DQNLVSUHVHQWEHWZHHQDSHUHQQLDOULYHUODNHRUSRQGDQGWKHDGMDFHQW
%9:RUXSODQGDQGZLWKLQLQWHUPLWWHQWVWUHDPV
7KHUHJXODWLRQVGHILQHDVWUHDPDV³DERG\RIUXQQLQJZDWHUZKLFKPRYHVZLWKLQLQWRRURXWRI
DQ $UHD VXEMHFW WR SURWHFWLRQ RI WKH $FW 6XFK D ERG\ RI UXQQLQJ ZDWHU WKDW GRHV QRW IORZ
WKURXJKRXWWKH\HDU LHLQWHUPLWWHQW LVDVWUHDPH[FHSWIRUWKDWSRUWLRQXSJUDGLHQWRIDOOERJV
VZDPSVZHWPHDGRZVDQGPDUVKHV´$FFRUGLQJO\RQO\WKRVHLQWHUPLWWHQWFKDQQHOVWKDWFRQYH\
ZDWHU LQ UHVSRQVH WR D K\GUDXOLF JUDGLHQW DQG WKRVH WKDW DUH ZLWKLQ RU GRZQJUDGLHQW RI %9:
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FRQWDLQ WKH UHVRXUFH DUHD %DQN  :KHUH REVHUYHG WKH EDQNV DVVRFLDWHG ZLWK WKH SHUHQQLDO
ULYHUVZLWKLQWKHSURMHFWDUHDZHUHGHOLQHDWHG

3.8

Land Under Waterbodies and Waterways

/DQGXQGHU:DWHUERGLHVDQG:DWHUZD\V³LVWKHODQGEHQHDWKDQ\FUHHNULYHUVWUHDPSRQGRU
ODNH 6DLG ODQG PD\ EH FRPSRVHG RI RUJDQLF PXFN RU SHDWILQH VHGLPHQWVURFNV RU EHGURFN
7KHERXQGDU\RI/DQG8QGHU:DWHUERGLHVDQG:DWHUZD\VLVWKHPHDQDQQXDOORZZDWHUOHYHO´
>&05  D F @/8:H[WHQGVGRZQJUDGLHQWIURPWKHGHOLQHDWHG%DQNIODJV

3.9

Bordering Land Subject to Flooding

³%RUGHULQJ /DQG 6XEMHFW WR )ORRGLQJ LV DQ DUHD ZLWK ORZ IODW WRSRJUDSK\ DGMDFHQW WR DQG
LQXQGDWHGE\IORRGZDWHUVULVLQJIURPFUHHNVULYHUVVWUHDPVSRQGVRUODNHV,WH[WHQGVIURP
WKHEDQNVRIWKHVHZDWHUZD\VDQGZDWHUERGLHVZKHUHDERUGHULQJYHJHWDWHGZHWODQGRFFXUVLW
H[WHQGVIURPVDLGZHWODQG´>&05  D @³7KHERXQGDU\RI%RUGHULQJ/DQG6XEMHFWWR
)ORRGLQJ LV WKH HVWLPDWHG PD[LPXP ODWHUDO H[WHQW RI IORRG ZDWHU ZKLFK ZLOO WKHRUHWLFDOO\ UHVXOW
IURP WKH VWDWLVWLFDO \HDU IUHTXHQF\ VWRUP« GHWHUPLQHG E\ UHIHUHQFH WR WKH PRVW UHFHQWO\
DYDLODEOH IORRG SURILOH GDWD SUHSDUHG IRU WKH FRPPXQLW\ ZLWKLQ ZKLFK WKH ZRUN LV SURSRVHG«
XQGHU WKH )HGHUDO (PHUJHQF\ 0DSSLQJ $JHQF\«´ > &05   F @  %/6) LV GHILQHG
ZLWKLQ WKH SURMHFW DUHD E\ WKH VSHFLDO IORRG KD]DUG ]RQH DV VKRZQ RQ ),50 PDS SDQHO
&- =RQH $( (/   )7 1$9'  DQG &- =RQH $( (/   )7
1$9' 

3.10 Isolated Land Subject to Flooding
³,VRODWHG/DQG6XEMHFWWR)ORRGLQJLVDQLVRODWHGGHSUHVVLRQRUFORVHGEDVLQZLWKRXWDQLQOHWRU
RXWOHW ,W LV DQ DUHD ZKLFK DW OHDVW RQFH D \HDU FRQILQHV VWDQGLQJ ZDWHU WR D YROXPH RI RQH
TXDUWHUDFUHIRRWDQGDQDYHUDJHGHSWKRIVL[LQFKHV´>&05  E @

3.11 Buffer Zone
3HUWKH:3$&KDSWHU0DVVDFKXVHWWV*HQHUDO/DZ6HFWLRQEXIIHU]RQHUHIHUVWRWKDW
DUHDRIODQGH[WHQGLQJIHHWKRUL]RQWDOO\RXWZDUGIURPWKHERXQGDU\RIDQ\DUHDVSHFLILHGLQ
 &05   D  7KH LQWHUHVWV SURWHFWHG WKURXJK WKLV ODZ LQFOXGH VWRUP GDPDJH FRQWURO
ZLOGOLIHSURWHFWLRQDQGRWKHULQWHUHVWVEH\RQGSROOXWDQWVGLVFKDUJH7KHUHIRUHZRUNZLWKLQ
IHHWRIWKH%9:LVDQDFWLYLW\UHTXLULQJFRPSOLDQFHZLWKWKH:3$DGPLQLVWHUHGE\WKH0DVV'(3
DQGWKHORFDO&RQVHUYDWLRQ&RPPLVVLRQ
:LWKLQWKHSURMHFWDUHDODQGWREHGLVWXUEHGZLWKLQIHHWRIGHOLQHDWHG%9:W\SLFDOO\FRQVLVWV
RIFXUUHQWO\GHYHORSHGURDGZD\VGULYHZD\VDQGUHVLGHQWLDODUHDV8QGHYHORSHGODQGVFRQVLVW
SULPDULO\RIPL[HGXSODQGIRUHVWLQFOXGLQJZKLWHEODFNDQGUHGRDN SLWFKSLQHUHGPDSOHDQG
JUD\ ELUFK  ,Q DGGLWLRQ WKH :HOOIOHHW (QYLURQPHQWDO 3URWHFWLRQ 5HJXODWLRQV :(35  
HVWDEOLVKHVDIRRW)LOWHU6WULSZLWKLQWKHIRRW%XIIHU=RQH7KH³IRRW)LOWHU6WULS´UHIHUV
WRWKDW DUHD RI ODQGH[WHQGLQJ IHHW KRUL]RQWDOO\ RXWZDUG IURPWKH ERXQGDU\ RI DQ\ UHVRXUFH
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DUHD VXEMHFW WR MXULVGLFWLRQ XQGHU WKH :HOOIOHHW (QYLURQPHQWDO 3URWHFWLRQ %\ODZ   DV
GHILQHGDW:(35 D ± E 

3.12 Riverfront Area
,QWKH0DVVDFKXVHWWV/HJLVODWXUHSDVVHGWKH0DVVDFKXVHWWV5LYHUV3URWHFWLRQ$FWZKLFK
DPHQGHGWKH:HWODQG3URWHFWLRQ$FW0*/&KDSWHU6HFWLRQDQGSURYLGHVSURWHFWLRQWR
ULYHUV E\ UHJXODWLQJ DFWLYLWLHV ZLWKLQ D UHVRXUFH DUHD NQRZQ DV WKH 5LYHUIURQW $UHD 7KLV $FW
LGHQWLILHV HLJKW SXUSRVHV ZKLFK DUH WKH VDPH DV WKH :3$¶V LQWHUHVWV SURWHFWLRQ RI SULYDWH RU
SXEOLF ZDWHU VXSSO\ SURWHFWLRQ RI JURXQGZDWHU IORRG FRQWURO SUHYHQWLRQ RI VWRUP GDPDJH
SUHYHQWLRQRISROOXWLRQSURWHFWLRQRIODQGFRQWDLQLQJVKHOOILVKSURWHFWLRQRIZLOGOLIHKDELWDWDQG
SURWHFWLRQRIILVKHULHV7KH5LYHUIURQW$UHDLVIHHWZLGHDQGLVPHDVXUHGIURPHDFKVLGHRI
WKHULYHUIURPWKHPHDQDQQXDOKLJKZDWHUOLQHRXWZDUGKRUL]RQWDOO\DQGSDUDOOHOWRWKHZDWHUZD\
)LYHSHUHQQLDOZDWHUZD\V VKRZQDVEOXHOLQHVWUHDPVRQWKH86*6TXDGUDQJOHPDS DUHZLWKLQ
WKH SURMHFW DUHD )RXU DUH LQ :HOOIOHHW +HUULQJ 5LYHU %RXQG %URRN DQG WZR XQQDPHG
ZDWHUZD\VRQHSDVVLQJXQGHU3ROH'LNH5RDGDQGDQRWKHUSDVVLQJXQGHU2OG&RXQW\5RDGLQ
WKHDUHDRI3DUDGLVH+ROORZ,Q7UXURDSHUHQQLDOZDWHUZD\LVVKRZQSDVVLQJXQGHU2OG&RXQW\
5RDG LQ WKH DUHD RI /RPEDUG +ROORZ QRUWK DQG VRXWK 1HLWKHU D FXOYHUW QRU D FOHDUO\ GHILQHG
FKDQQHOLVREVHUYHGLQWKHDUHDRI/RPEDUG+ROORZQRUWK7KH5LYHUIURQW$UHDSULPDULO\FRQVLVWV
RI WKH H[LVWLQJ URDGZD\ IRUHVWHGVKUXE ZHWODQGV UHVLGHQWLDOO\ GHYHORSHG ODQG DQG PL[HG
XQGHYHORSHGIRUHVWHGZHWODQGDQGXSODQGV

3.13 Conclusions
7KH ZHWODQG GHOLQHDWLRQ ZDV EDVHG RQ WKH SUHVHQFH RI K\GURSK\WLF YHJHWDWLRQ ZHWODQG
K\GURORJ\DQGK\GULFVRLOVDVRXWOLQHGLQWKH86$&(&RUSVRI(QJLQHHUV:HWODQG'HOLQHDWLRQ
0DQXDO (QYLURQPHQWDO/DERUDWRU\ WKH5HJLRQDO6XSSOHPHQWWRWKH&RUSVRI(QJLQHHUV
:HWODQG 'HOLQHDWLRQ 0DQXDO 1RUWKFHQWUDO DQG 1RUWKHDVW 5HJLRQ 86$&( D  WKH
0DVV'(3  'HOLQHDWLQJ %RUGHULQJ 9HJHWDWHG :HWODQGV 0DQXDO -DFNVRQ   DQG WKH
:3$ DQGLWV HQDEOLQJ UHJXODWLRQV7ZHOYH ZHWODQGDUHDV ZHUH LGHQWLILHGDQGGHOLQHDWHG ZLWKLQ
WKH SURMHFW DUHD OLPLWV7KH ZHWODQG OLQHV ZHUH PDUNHG LQ WKHILHOGZLWKVHTXHQWLDOO\ QXPEHUHG
IODJV DQG ORFDWHG E\ 2/6 5HSUHVHQWDWLYH SKRWRJUDSKV DQG ILHOG GDWD IRUPV DUH ORFDWHG LQ
$SSHQGL[$7KH:HWODQG'HOLQHDWLRQ6XUYH\DQGZHWODQGERXQGDULHVDUHSUHVHQWHGLQ9ROXPH
,,
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 ([LVWLQJ&RQGLWLRQV3ODQ
7KHH[LVWLQJFRQGLWLRQVSODQVIRUWKHSURMHFWVLWHDUHEDVHGRQWKHZHWODQGGHOLQHDWLRQSHUIRUPHG
E\ /RXLV %HUJHU DQG GHVFULEHG LQ 6HFWLRQ  DORQJ ZLWK D VLWH VXUYH\ SHUIRUPHG E\ 2/6 LQ
$SULO DQG 0D\  7KH H[LVWLQJ FRQGLWLRQV SODQ ZDV DXJPHQWHG XVLQJ /LJKW 'HWHFWLRQ DQG
5DQJLQJ /,'$5  WHUUDLQ ILOHV IURP WKH 0DVVDFKXVHWWV *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP
0DVV*,6 IRUHOHYDWLRQVEHORZIHHW1$9'DQGDHULDOSKRWRJUDPPHWU\PDSSLQJEHORZ
IHHW1$9'
2/6UHJLVWHUHGODQGVXUYH\RUV 5/6 FRPSOHWHGDFRPSUHKHQVLYHJURXQGVXUYH\RIWKHSURMHFW
VLWH%DVHGRQWKHVXUYH\DQGDGGLWLRQDOGDWDLQFOXGLQJ/RXLV%HUJHU¶VZHWODQGGHOLQHDWLRQWKH
VXUYH\RU SUHSDUHG DQ ([LVWLQJ &RQGLWLRQV 6XUYH\ 3ODQ IRU HDFK ORZO\LQJ URDGZD\ ([LVWLQJ
&RQGLWLRQV6XUYH\3ODQVDUHFRQWDLQHGLQ9ROXPH,,6KHHWVWKURXJKDQGLQFOXGH
x 5RDGZD\DQGHPEDQNPHQWJUDGHV
x :HWODQGVIODJJLQJ
x &DOFXODWHGZHWODQGEXIIHU]RQHV
x )HGHUDO (PHUJHQF\ 0DQDJHPHQW $JHQF\ )(0$  \HDU IORRG ]RQH ³$ =RQHV´  DV
GHSLFWHGRQQHZDSSURYHG),50V
x 7RSRJUDSKLFFRQWRXUVDWRQHIRRWLQWHUYDOV
x 8WLOLW\ORFDWLRQV
x 6SRWORFDWLRQVDQGHOHYDWLRQRIDQ\XWLOL]HGEHQFKPDUNV
x &XOYHUWLQYHUWVDQG
x 3URSHUW\OLQHVOLPLWVRIURDGZD\OD\RXW
2/6SURYLGHG/RXLV%HUJHUZLWKKDUGFRS\DQGGLJLWDOVLWHSODQVVFDOHGWRSULQWRQIXOOVL]H´
E\´DQG´E\´VKHHWVWKDWLQFOXGHERXQGLQJURDGZD\VDQGDGMDFHQWSURSHUWLHV3ODQV
DUHVWDPSHGE\D0DVVDFKXVHWWV5/6$OOWRSRJUDSKLFDQGHOHYDWLRQGDWDDUHSUHVHQWHGLQIHHW
DQG DUH UHIHUHQFHG WR WKH YHUWLFDO GDWXP RI 1$9' 7KH SODQV DOVR LQFOXGHV SURSHUW\
DGGUHVVHV DVVHVVRUV¶ PDSORW QXPEHUV SURSHUW\ RZQHUV¶ QDPHV VFDOH RI SODQ GDWH RI SODQ
DQGFOLHQWQDPHDQGLQIRUPDWLRQ

4.1

Survey

$VGLVFXVVHGDERYH2/6VXUYH\HGWKHURDGZD\VHJPHQWVLQ$SULODQG0D\7KHULJKWV
RIZD\DQGSURSHUW\OLQHVVKRZQRQWKHSODQVDUHEDVHGRQ7RZQRI:HOOIOHHW7D[$VVHVVRU¶V
0DSV ZKLOH SURSHUW\ RZQHUVKLS LV EDVHG XSRQ LQIRUPDWLRQ IURP WKH 7RZQ RI :HOOIOHHW¶V
$VVHVVRU¶V 'DWDEDVH 7KH KRUL]RQWDO GDWXP LV 1$' 0DVVDFKXVHWWV 6WDWH 3ODQH 0DLQODQG
=RQH 7KH YHUWLFDO GDWXP LV 1$9' 7KH VXUYH\ PDSSLQJ ZDV FRPELQHG ZLWK 
SKRWRJUDPHWULF VXUYH\ PDSSLQJ EHORZ  IHHW DQG 0DVVDFKXVHWWV /,'$5 GDWD DERYH  IHHW
7KH VXSSOHPHQWDO GDWD ZDV XVHG WR JHQHUDWH DQ H[LVWLQJ FRQGLWLRQV VXUIDFH XVHG LQ &LYLO'
DQDO\VLV
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4.2

Existing Conditions

3ODQV VKRZLQJ H[LVWLQJ FRQGLWLRQV LQ WKH SURMHFW DUHD DUH SURYLGHG LQ 9ROXPH ,, 6KHHWV 
WKURXJK  7KH 2/6 VXUYH\ FROOHFWHG GHWDLOHG HOHYDWLRQ GDWD RQ WKH H[LVWLQJ URDGZD\
HPEDQNPHQW ZLWKLQ  IHHW RI WKH URDGZD\ FHQWHUOLQH IW 2&  7KH ZLGWK RI WKH H[LVWLQJ
SDYHG URDGZD\ IRU WKH SURMHFW DUHD YDULHV WKH QDUURZHVW VHFWLRQ LV  IHHW DFURVV 6WDWLRQ
  DQG WKH ZLGHVW VHFWLRQ LV  IHHW 6WDWLRQ   7KH DYHUDJH ZLGWK RI H[LVWLQJ SDYHG
URDGZD\ LV  IHHW $ORQJ WKH OHQJWK RI WKH URDGZD\ DOLJQPHQW WKHUH DUH YDU\LQJ ZLGWKV RI
XQSDYHG VKRXOGHU UDQJLQJ IURP  WR  IHHW 7KH DYHUDJH VKRXOGHU ZLGWK IRU WKH VRXWKERXQG
ODQHVLVIHHWDQGIRUWKHQRUWKERXQGODQHVIHHW
7KHORZHVWURDGZD\VHJPHQWLVDW6WDWLRQDWHOHYDWLRQIW7KLVSRUWLRQRIWKHURDGZD\
UDQJHVIURPHOHYDWLRQIWWRIWORFDWHGMXVWVRXWKRIWKHPDLQVWHPRIWKH+HUULQJ5LYHU
%RXQG%URRN,VODQG5RDGKDVPXOWLSOHVHJPHQWVEHORZHOHYDWLRQIW
,QJHQHUDOPRVWVHFWLRQVRIWKHURDGKDYHDWOHDVWVRPHWUDYHUVDEOHXQSDYHGVKRXOGHURQHLWKHU
WKH QRUWKERXQG RU VRXWKERXQG VLGH RI WKH SDYHG ODQHV 7KHUH FXUUHQWO\ LV QR SDYHG VKRXOGHU
DORQJWKHURDGZD\DOLJQPHQW2QDYHUDJHWKHUHDUHWZRIRRWWUDYHOZD\V:RRGHQJXDUGUDLOV
DQGFRQFUHWHEROODUGVDUHORFDWHGDORQJWKHURDGZD\LQDIHZLVRODWHGORFDWLRQVEXWWKHUHDUHQR
VDIHW\IHDWXUHVDORQJWKHPDMRULW\RIWKHDOLJQPHQW
/LPLWHGXWLOLWLHVDUHSUHVHQWDORQJWKHURDGZD\VHJPHQWV7KHRQO\NQRZQXQGHUJURXQGXWLOLW\LV
DLQFKZDWHUPDLQORFDWHGLQ3ROH'LNH5RDGLQ:HOOIOHHWEHWZHHQ6WDWLRQVDQG
EHWZHHQ 6WDWLRQV  DQG  DQG EHWZHHQ 6WDWLRQV  DQG  7KHUH DUH
RYHUKHDGHOHFWULFOLQHVORFDWHGDORQJ%RXQG%URRN,VODQG5RDGDQG2OG&RXQW\5RDG 6WDWLRQV
WR6WDWLRQWR6WDWLRQDQG6WDWLRQVWR $ILUHSXPS
LQOHWLVORFDWHGRQ%RXQG%URRN,VODQG5RDGQHDUWKH+HUULQJ5LYHUDW6WDWLRQ7KHUHLV
QRGHILQHGGUDLQDJHV\VWHPDORQJWKHURDGZD\VHJPHQWV7KHURDGVDUHJHQHUDOO\FURZQHGDQG
GUDLQ WR WKH XQSDYHG VKRXOGHUV 7KHUH DUH VL[ H[LVWLQJ FXOYHUWV UXQQLQJ XQGHUQHDWK WKH
DOLJQPHQWLQYDULRXVORFDWLRQV7KHVHDUHGLVFXVVHGIXUWKHULQ6HFWLRQ7KHUHDUHQRRWKHU
XWLOLWLHVSUHVHQWZLWKLQWKHDOLJQPHQW1RVWURPZDWHUWUHDWPHQWIDFLOLWLHVZHUHREVHUYHGDORQJWKH
URDGZD\VHJPHQWV

22

June 2015

)ULHQGVRI+HUULQJ5LYHU

&RPSUHKHQVLYH5HSRUW
/RZO\LQJ5RDGZD\V

:HOOIOHHWDQG7UXUR0DVVDFKXVHWWV



 *HRWHFKQLFDO,QYHVWLJDWLRQV
/RXLV%HUJHUFRQGXFWHGDJHRWHFKQLFDOLQYHVWLJDWLRQDQGHYDOXDWLRQRIWKHGDWDZLWKUHVSHFWWR
WKH SURSRVHG HOHYDWLRQ RI H[LVWLQJ ORZO\LQJ URDGZD\V DQG UHSODFHPHQW RI DVVRFLDWHG FXOYHUWV
DV SDUW RI WKH +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW )LYH URDG VHJPHQWV KDYH EHHQ LGHQWLILHG IRU
HOHYDWLRQ DQG FXOYHUW UHSODFHPHQW 3ROH 'LNH 5RDG 2OG &RXQW\ 5RDG DW %RXQG %URRN 2OG
&RXQW\ 5RDG DW 3DUDGLVH +ROORZ DQG %RXQG %URRN ,VODQG 5RDG LQ QRUWKZHVW :HOOIOHHW
0DVVDFKXVHWWV DQG 2OG &RXQW\ 5RDG IURP 3ULQFH 9DOOH\ 5RDG WR 5\GHU +ROORZ 5RDG LQ
VRXWKZHVW 7UXUR 0DVVDFKXVHWWV7KHFRPSOHWH*HRWHFKQLFDO 5HSRUW LVFRQWDLQHG LQ $SSHQGL[
&
6XEVXUIDFH FRQGLWLRQV ZHUH DVVHVVHG EDVHG RQ WHQ ERULQJV DGYDQFHG E\ 1HZ +DPSVKLUH
%RULQJ7KHVHERULQJVZHUHLQVSHFWHGDQGORJJHGE\/RXLV%HUJHU/DERUDWRU\WHVWUHVXOWVDQGD
JHRWHFKQLFDO DQDO\VLV HYDOXDWLRQ ZDV FRPSOHWHG WR DVVLVW LQ WKH GHYHORSPHQW RI FRQVWUXFWLRQ
SODQVIRUWKHSURMHFWVLWHLQFOXGLQJWKHFXWDQGILOORSHUDWLRQV
%DVHGRQDVXUYH\SHUIRUPHGE\2/6WKHH[LVWLQJURDGVXUIDFHDWORZO\LQJDUHDVUDQJHVIURP
WRIHHW1RUWK$PHULFDQ9HUWLFDO'DWXPRI 1$9' ZKLFK ZRXOGEHHOHYDWHGWR
WR 1$9' 7KHJRDOLVWRHOHYDWHWKHH[LVWLQJURDGZD\VHJPHQWVIHHWDERYHWKH
VWRUPRIUHFRUGZLWKLQWKHSURMHFWDUHD WR>1$9'@ 7KHUHVWRUDWLRQWHDPVHOHFWHG
IHHWRIIUHHERDUGDERYHWKHVWRUPRIUHFRUGWRHOHYDWHWKHVHURDGZD\VDVIXUWKHUGLVFXVVHG
LQ6HFWLRQ$VDUHVXOWDERXWWRIHHWRIILOOLVUHTXLUHGRYHUH[LVWLQJJURXQGHOHYDWLRQVWR
PDLQWDLQWKHILQDOVLWHJUDGLQJ$VSDUWRIWKHUHJUDGLQJH[LVWLQJFXOYHUWVDUHWREHUHSODFHGZLWK
QHZFLUFXODUDQGER[FXOYHUWVWUXFWXUHV
7KH VXEVXUIDFH DW WKH VLWH FRQVLVWV RI WKUHH GLIIHUHQW VWUDWD ZLWK GLIIHUHQW HOHYDWLRQV DQG
FKDUDFWHULVWLFV XQGHUO\LQJ WKH JURXQG VXUIDFH EHORZ DQ DYHUDJH LQFKWKLFN DVSKDOW VXUIDFH
FRXUVH ZLWKLQ WKH SURMHFW VLWH )URP WRS WR ERWWRP WKHVH VWUDWD DUH 6WUDWXP  ± DQ
DSSUR[LPDWHO\ IRRWWKLFN ILOO OD\HU 6WUDWXP  ± D GLVFRQWLQXRXV OD\HU RI DQ DYHUDJH IRRW
WKLFN VDQG PL[HG ZLWK RUJDQLF VLOW ZLWK SHDW LQ VRPH ORFDWLRQV DQG 6WUDWXP  ± GHSRVLWV
FRQVLVWLQJSULQFLSDOO\RIILQHWRPHGLXPWRFRDUVHVDQGLQH[FHVVRIIHHWWKLFN%DVHGRQWKH
ZHWQHVV RI WKH VDPSOHV DQG REVHUYDWLRQV GXULQJ GULOOLQJ JURXQGZDWHU LV DQWLFLSDWHG WR EH
EHWZHHQDQGIHHWEHORZWKHH[LVWLQJJUDGH
7KH SURSRVHG URDGZD\ JUDGH FKDQJH LQFUHDVH  ZRXOG UHVXOW LQ VHWWOHPHQW %HFDXVH RI WKH
PRVWO\JUDQXODUQDWXUHRIWKHVRLOVEHORZWKHH[LVWLQJURDGZD\VHWWOHPHQWGXHWRDGGHGORDGV
ZRXOGFRQVLVWRISULPDU\VHWWOHPHQW7KHPDJQLWXGHRIWKHHVWLPDWHGSULPDU\VHWWOHPHQWLVOHVV
WKDQLQFKHVPRUHWKDQRQHKDOIRIWKLVZRXOGEHRFFXUGXULQJFRQVWUXFWLRQ+RZHYHU6WUDWXP
 JHQHUDOO\ FRQWDLQV RUJDQLF PDWWHU WKDW ZLOO JUDGXDOO\ GHFD\ RYHU WKH QH[W VHYHUDO GHFDGHV
UHVXOWLQJ LQ DQ DGGLWLRQDO  WR  LQFKHV RI VHWWOHPHQW $V D UHVXOW RI VORZ GHFD\ DQG SRUH
SUHVVXUH GLVVLSDWLRQUHODWHG VHWWOHPHQW ZLOO RFFXU RYHU D WLPH SHULRG RI D GHFDGH RU ORQJHU
0HDVXUHV WR PLWLJDWH ORQJWHUP VHWWOHPHQW GXH WR RUJDQLF GHFD\ PD\ EH WRR FRVWO\ WR
LPSOHPHQW 7KH PRVW HIIHFWLYH PHDQV WR FRQWURO VHWWOHPHQW ZRXOG EH WR RYHUH[FDYDWH WKH
RUJDQLFPDWHULDODQGUHSODFHZLWKVWUXFWXUDOEDFNILOO,WVKRXOGEHQRWHGWKDWWKHH[LVWLQJURDGZD\
KDVVKRZQOLPLWHGHYLGHQFHRIGLIIHUHQWLDOVHWWOHPHQW7KHUHIRUHLWLVUHFRPPHQGHGWRSURFHHG
DFNQRZOHGJLQJ WKDW PDLQWHQDQFH SDYLQJ PD\ EH UHTXLUHG WR UHSDLU VHFWLRQV LPSDFWHG E\
VHWWOHPHQW
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,QFRQMXQFWLRQZLWKHOHYDWLQJWKHH[LVWLQJORZO\LQJURDGVVL[H[LVWLQJXQGHUVL]HGFXOYHUWVZRXOG
EH UHPRYHG DQG UHSODFHG ZLWK QHZ FXOYHUWV 7KHVH FXOYHUWV LQFOXGH WKUHH LQFKGLDPHWHU
UHLQIRUFHGFRQFUHWHSLSH 5&3 FXOYHUWVDIRRWE\IRRWFRQFUHWHER[FXOYHUWDIRRWE\
IRRWFRQFUHWHER[FXOYHUWDQGDIRRWE\IRRWFRQFUHWHER[FXOYHUW%HFDXVHRIWKHSURSRVHG
JUDGH FKDQJH WKH QHZ FXOYHUWV ZRXOG EH LQVWDOOHG ZLWKLQ H[LVWLQJ 6WUDWXP  ILOO DQG QHZ ILOO
DERYH WKH JURXQGZDWHU WDEOH %DVHG RQ WKH ORDGVHWWOHPHQW LW LV HVWLPDWHG WKDW WKH ORDGV
LPSRVHG E\ WKH ER[ FXOYHUWV DOO WKUHH VL]HV  DUH FRPSDUDEOH WR DQG JHQHUDOO\ OHVV WKDQ WKH
ZHLJKW RI WKH VRLOV H[FDYDWHG WR DOORZ IRU WKHLU LQVWDOODWLRQ 7KHUHIRUH QR DGGHG VWUHVV RU
VHWWOHPHQW ZRXOG EH LQGXFHG E\ WKHLU LQVWDOODWLRQ +RZHYHU WKH SURSRVHG LQFKGLDPHWHU
FLUFXODU FXOYHUWV ZRXOG LQGXFH DQ DGGHG VWUHVV ZKHQ IXOO UHVXOWLQJ LQ SRVWFRQVWUXFWLRQ
VHWWOHPHQW RQ WKH RUGHU RI  LQFK %HFDXVH WKH VHWWOHPHQWV UHODWHG WR WKH LQVWDOODWLRQ RI QHZ
FXOYHUWV DUH WROHUDEOH RQ WKH RUGHU RI DQ LQFK  DQG WKH ORQJWHUP VHWWOHPHQWV UHODWHG WR WKH
GHFD\ RI RUJDQLF VRLOV LQ 6WUDWXP  ZRXOG FRLQFLGH ZLWK WKH IXWXUH SHULRGLF URDGZD\ VXUIDFLQJ
LH\HDUV QRVSHFLDOJURXQGLPSURYHPHQWLVSURSRVHGH[FHSWIRUWKHFDUHIXOSUHSDUDWLRQRI
WKHVXEJUDGHDQGWKHQHZILOODVGLVFXVVHGLQWKHIROORZLQJVHFWLRQ
7KHH[LVWLQJVXEJUDGHZRXOGQHHGWREHGHZDWHUHGLQSUHSDUDWLRQRIFXOYHUWSODFHPHQWWRIHHW
EHORZ EHGGLQJ PDWHULDO ,W LV DFNQRZOHGJHG WKDW WKH VWUDWXP FRQVLVWV RI VRIW PDWHULDO ZLWK ORZ
EORZFRXQWV7KHXVHRIDFUXVKHGVWRQHZRUNLQJVXUIDFHDQGDFRQFUHWHVODEZRXOGSURYLGHD
VWDEOH ZRUNLQJ SODWIRUP )XUWKHU GHVLJQ DQDO\VLV LV UHTXLUHG WR GHWHUPLQH LI D GHHS IRXQGDWLRQ
V\VWHPLVUHTXLUHGDWWKHSURSRVHGKHDGZDOOORFDWLRQ7KLVDQDO\VLVZRXOGEHFRPSOHWHGDWWKH
GHVLJQSKDVHZKHQJUDGLQJDWWKHFXOYHUWLQOHWRXWOHWLVILQDOL]HG
)RUHOHYDWHGURDGVHJPHQWVWKHH[LVWLQJDVSKDOWVXUIDFHELQGHUEDVHFRXUVHZRXOGQHHGWREH
PLOOHGUHPRYHG WR EHORZ WKH ERWWRP RI WKH DVSKDOW $IWHU UHPRYDO RI WKH H[LVWLQJ DVSKDOW WKH
QHZ HPEDQNPHQW FRXOG EH EURXJKW WR WKH SURSRVHG GHVLJQ JUDGH LQ LQFK OLIWV 7KH QHZ
HPEDQNPHQW VLGH VORSHV VKRXOG EH QR VWHHSHU WKDQ D  KRUL]RQWDO WR YHUWLFDO UDWLR DQG WKH
HPEDQNPHQW VORSHV VKRXOG EH FRPSDFWHG DQG SURWHFWHG DJDLQVW HURVLRQ E\ YHJHWDWLRQ
'HSHQGLQJ RQ WKH K\GUDXOLF DQG K\GURG\QDPLF FRQGLWLRQV RI WKH VLWH DGGLWLRQDO HPEDQNPHQW
SURWHFWLRQPD\EHUHTXLUHGWRPLQLPL]HVFRXUGDPDJH6WHHSHUVLGHVORSHVPD\EHUHTXLUHGLQ
LVRODWHGDUHDVWRPLQLPL]HLPSDFWVWRDGMDFHQWSDUFHOVVWDELOL]DWLRQZLWKJHRWH[WLOHIDEULFDQGRU
ULSUDSZRXOGEHUHTXLUHGIRUVORSHVJUHDWHUZLWKDJUHDWHUWKDQ
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 3UHOLPLQDU\'HVLJQIRU5HSODFHPHQWRI([LVWLQJ&XOYHUWV
7KHUHDUHVL[H[LVWLQJFXOYHUWVWREHUHSODFHGZLWKLQWKHSURMHFWDUHD7KHVHLQFOXGH
x 3ROH'LNH5RDGDLQFKVWHHOSLSHORFDWHGDWVWDWLRQ
x %RXQG%URRN,VODQG5RDGDW+HUULQJ5LYHUDLQFK5HLQIRUFHG&RQFUHWH3LSH 5&3 
ORFDWHGDW6WDWLRQ
x %RXQG%URRN,VODQGDW%RXQG%URRNDLQFK5&3ORFDWHGDW6WDWLRQ
x 2OG&RXQW\5RDGDW3DUDGLVH+ROORZDLQFK5&3ORFDWHGDW6WDWLRQ
x 2OG &RXQW\ 5RDG ± /RPEDUG +ROORZ 6  D SLSH RI XQNQRZQ GLDPHWHU DQG PDWHULDO
ORFDWHGDWDSSUR[LPDWHO\6WDWLRQDQG
x 2OG&RXQW\5G±/RPEDUG+ROORZ 1 DSLSHRIXQNQRZQGLDPHWHUDQGPDWHULDOORFDWHG
DWDSSUR[LPDWHO\6WDWLRQ

7KHUHLVQRGHWDLOHGH[LVWLQJFRQGLWLRQGDWDIRUWKHFXOYHUWDW2OG&RXQW\5G±/RPEDUG+ROORZ
1RUWK  DV LW ZDV QRW DEOH WR EH ORFDWHG RU WKH FXOYHUW DW 2OG &RXQW\ 5G ± /RPEDUG +ROORZ
6RXWK DVLWZDVIXOO\VXEPHUJHGWKHUHIRUHH[LVWLQJGLPHQVLRQVFRXOGQRWEHYHULILHGIRUWKHVH
WZRFXOYHUWV7KHH[LVWLQJFXOYHUWVDW/RPEDUG+ROORZDUHOLNHO\LQFKWRLQFK

6.1

Design Criteria

7KHFULWHULDXVHGWRVL]HWKHSURSRVHGFXOYHUWVZHUHEDVHGXSRQUHFRPPHQGDWLRQVHVWDEOLVKHG
E\WKH:RRGV+ROH*URXS :+* LQLWV³+HUULQJ5LYHU+\GURG\QDPLF 0RGHOLQJ0RGHO5HSRUW´
 :+*XWLOL]HGK\GURG\QDPLFPRGHOLQJWRGHWHUPLQHWKHRSWLPDOVL]LQJRIWKHFXOYHUWVDW
H[LVWLQJORFDWLRQV7KH:+*UHSRUWVWDWHG³WKHXWLOL]DWLRQRIWKHVWRUPRIUHFRUGIRUHYDOXDWLRQRI
WKH XSVWUHDP FURVVLQJV HQVXUHG WKDW WKH LQVWDOOHG FXOYHUWV DOORZHG PD[LPXP VDOLQLW\
SHQHWUDWLRQZRXOGQRWLQKLELWXSVWUHDPVHGLPHQWSURSDJDWLRQGXULQJVWRUPHYHQWVDQGSURYLGH
DGHTXDWHWLGDOH[FKDQJHXQGHUIXWXUHSURMHFWHGFOLPDWLFFKDQJHFRQGLWLRQV´7KHPHPRVWDWHGD
VHFRQGDU\ FULWHULRQ ZDV WR SURYLGH DGHTXDWH KHDGVSDFH XQGHU QRUPDO WLGDO FRQGLWLRQV 7KH
KHLJKW RI WKH FXOYHUW ZDV HVWDEOLVKHG WR KDYH IRRW RI KHDGVSDFH DW GXULQJ QRUPDO WLGDO
FRQGLWLRQV7KHSURMHFWWHDPZLOOUHTXLUHYHORFLWLHVDVVRFLDWHGZLWKVWRUPVXUJHDWHDFKFORVLQJ
IRU VFRXU DQDO\VLV 6FRXU DQDO\VLV ZRXOG EH SHUIRUPHG DW WKH  GHVLJQ VWDJH 7KH VFRXU
DQDO\VLVZRXOGEHXVHGWRGHWHUPLQHLIDUPRULQJLVUHTXLUHGDWWKHLQOHWRXWOHWRIWKHFXOYHUW

6.2

Recommended Design

7KHSURSRVHGFXOYHUWVVKRZQLQ7DEOHEHORZ DUHEDVHGXSRQWKHVSHFLILFUHFRPPHQGDWLRQV
IURP:+* LQFOXGHG LQ WKHLU -DQXDU\   OHWWHU UHSRUW DQGDQ XQGDWHG XQWLWOHG VXPPDU\
WDEOHERWKDUHSURYLGHGLQ$SSHQGL[%,WLVLPSRUWDQWWRQRWHWKDWWKHWHFKQLFDOPHPRUDQGXP
IURP:+*PHUJHVWKHWHUPV³VWRUPRIUHFRUG´DQG³\HDUVWRUPRIUHFRUG´)RUWKHSXUSRVH
RIWKLVUHSRUWWKHWHUPVDUHGLIIHUHQWLDWHG 6SHFLILFDOO\WKHWHUP³\HDUVWRUP´FDQEHXVHG
LQWHUFKDQJHDEO\ZLWKDIORRGHYHQWKDYLQJDSUREDELOLW\RIEHLQJHTXDOHGRUH[FHHGHGZKLOH
WKHWHUP³VWRUPRIUHFRUG´UHIHUVWRDPRGHOVLPXODWLRQRIDQDFWXDOVWRUPHYHQWWKDWUHSUHVHQWHG
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D VLJQLILFDQW FRDVWDOIORRGLQJ HYHQW LQ )HEUXDU\ 7KH )(0$ IORRG HYHQW RU VXUIDFH LV
DERYHWKHHOHYDWLRQSURMHFWHGIRUWKHVWRUPRIUHFRUG
7KH:+*PHPR GLG QRW LQFOXGH VL]LQJ UHFRPPHQGDWLRQV IRU WKH H[LVWLQJ FXOYHUWV DW 3DUDGLVH
+ROORZDQG/RPEDUG+ROORZDQGGLGQRWDQDO\]HWKHLPSDFWVDVVRFLDWHGZLWKWKHVHVWUXFWXUHV
7KH DQDO\VLV SURYLGHG D GLUHFW K\GUDXOLF FRQQHFWLRQ WR HOLPLQDWH DWWHQXDWLRQ EXW ODFNHG DQ
DQDO\VLVWRUHILQHWKHFXOYHUWVL]H7KHVHWZRDUHDVKDYHDOLPLWHGUROHLQUHVWRUDWLRQGXHWRWKH
VL]H RI WKH EDVLQV DQG GLVWDQFH XS LQWR WKH V\VWHP +RZHYHU WKH :+* UHFRPPHQGHG WKH
FXOYHUWVEHLQFUHDVHGWRWKHLQFKWRLQFKGLDPHWHUUDQJH
,QWKHDEVHQFHRIIXUWKHUFULWHULDIURP:+*/RXLV%HUJHUXWLOL]HG0DVVDFKXVHWWV'HSDUWPHQWRI
7UDQVSRUWDWLRQ 0DVV'27 DQG7RZQVWDQGDUGVIRUFXOYHUWGHVLJQ0DVV'27+LJKZD\0DQXDO
VHFWLRQ  VSHFLILHV D PLQLPXP UHFRPPHQGHG FURVV FXOYHUW GLPHQVLRQ RI LQFKHV ,Q
DGGLWLRQWKHUHFRPPHQGHGFULWHULDIRUORFDOUXUDOURDGVDUHWRFRQYH\IORZVIURP\HDUVWRUP
HYHQWV7KHK\GUDXOLFFULWHULDXWLOL]HGIRUWKLVSURMHFWDUHWRFRQYH\WKHVWRUPRIUHFRUGWKURXJK
WKH FXOYHUW 7KH VWRUP RI UHFRUG H[FHHGV WKH \HDU GHVLJQ VWRUP 7KHUHIRUH WKH SURSRVHG
FXOYHUW RSHQLQJV DW /RPEDUG +ROORZ DQG 3DUDGLVH DUH LQFKHV LQ GLDPHWHU WR DOORZ IRU
LQFUHDVHGK\GUDXOLFFDSDFLW\DQGHDVHRIPDLQWHQDQFH
&RPSOLDQFH ZLWK 0$ 6WDWH 6WUHDP &URVVLQJ 6WDQGDUGV UHTXLUHV WKDW DOO QHZ DQG ZKHUH
IHDVLEOH UHSODFHPHQW FURVVLQJV DGKHUH WR VWUHDPFURVVLQJ JXLGHOLQHV WR SURYLGH IRU ILVK
SDVVDJH VWUHDP FRQWLQXLW\ DQG VRPH ZLOGOLIH SDVVDJH 6SHFLILFDOO\ WKH VWUHDPFURVVLQJ
VWDQGDUGV DUH EDVHG RQ VL[ LPSRUWDQW YDULDEOHV W\SH RI FURVVLQJ FURVVLQJ VSDQ RSHQQHVV
VXEVWUDWHDQGZDWHUGHSWKDQGYHORFLW\7KHVWUHDPFURVVLQJVWDQGDUGVDUHDSSOLFDEOHIRUIUHVK
ZDWHU FURVVLQJV RQO\ 7KH FURVVLQJV DUH FXUUHQWO\ IUHVK ZDWHU EXW ZLOO EH UHVWRUHG WR WLGDO
V\VWHPV IROORZLQJ UHVWRUDWLRQ 7KHUHIRUH WKH LQWHUSUHWDWLRQ XVHG E\ WKH SURMHFW WHDP LV QRW WR
DSSO\WKHVWUHDPFURVVLQJVWDQGDUGVWRGHILQHUHTXLUHGFURVVLQJVSDQ7KHVSDQRIWKHFXOYHUWV
LVEDVHGVROHO\XSRQWKHK\GUDXOLFFDSDFLW\UHTXLUHGWRFRQYH\WKHGHVLJQVWRUP
%DVHG RQ :+*¶V UHFRPPHQGDWLRQV DQG 0DVV'27 JXLGHOLQHV WKH IROORZLQJ FXOYHUW XSJUDGHV
DUHSURSRVHG
x 3ROH'LNH5RDG5HSODFHH[LVWLQJLQFKVWHHOSLSH ZLWKDIRRWE\IRRWER[FXOYHUW
DQGDFRPELQDWLRQIODSVOLGHJDWHVWUXFWXUHWRFRQWUROWLGDOHOHYDWLRQVLQWKH8SSHU3ROH
'LNHEDVLQ
x %RXQG%URRN,VODQG5RDGDW+HUULQJ5LYHUHSODFHH[LVWLQJLQFKFLUFXODU5&3ZLWKD
LQFKE\LQFKER[FXOYHUW
x %RXQG%URRN,VODQGDW%RXQG%URRNUHSODFHH[LVWLQJLQFK5&3ZLWKDIRRWE\IRRW
ER[FXOYHUW
x 2OG&RXQW\5RDGDW3DUDGLVH+ROORZUHSODFHH[LVWLQJLQFK5&3ZLWKDLQFK5&3
x 2OG&RXQW\5RDG±/RPEDUG+ROORZ 6 UHSODFHH[LVWLQJSLSHZLWKDLQFK5&3DQG
x 2OG&RXQW\5G±/RPEDUG+ROORZ 1 UHSODFHH[LVWLQJSLSHZLWKDLQFK5&3
7DEOHEHORZVKRZVSURSRVHGFXOYHUWVL]HVDQGHOHYDWLRQV
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7DEOH3URSRVHG&XOYHUW6L]HDQG(OHYDWLRQ

/RFDWLRQ

3ROH'LNH5G

%RXQG %URRN
,VODQG 5G DW
+HUULQJ5LYHU
%RXQG %URRN
,VODQG 5G DW
%RXQG%URRN
2OG &RXQW\
5G 3DUDGLVH
+ROORZ
2OG &RXQW\
5G/RPEDUG
+ROORZ 6 
2OG &RXQW\
5G/RPEDUG
+ROORZ 1 

6.3

([LVWLQJ
&XOYHUW


,QYHUW
(OHYDWLRQ
IW 
1$9'

([LVWLQJ
5RDG
(OHYDWLRQ
IW 
1$9'

3URSRVHG ,QYHUW
&URZQ
&XOYHUW
(OHYDWLRQ (OHYDWLRQ
KHLJKW E\ IW 
IW 
ZLGWK IW 
1$9' 1$9'

$QQXDO
6WRUP RI
+LJK
UHFRUG
:DWHU IW  IW 
1$9'
1$9'
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Construction

&RQVWUXFWLRQRIWKHUHSODFHPHQWFXOYHUWVZLOOUHTXLUHRSHQFXWVWKURXJKWKHH[LVWLQJURDGZD\WR
LQVWDOOWKHUHSODFHPHQWFXOYHUWDWWKHVWUHDPFURVVLQJV7KHER[FXOYHUWVZLOOEHLQVWDOOHGRYHUD
OD\HU RI JHRWH[WLOH IDEULF DQG  LQFKHV RI FUXVKHG VWRQH ZLWKLQ FRPPRQ ERUURZ DQG ZLOO EH
FRYHUHGE\LQFKHVRIVHOHFWJUDYHODQGIOH[LEOHSDYHPHQW7KHLQFK5&3SLSHVZLOOEHDOVR
EHLQVWDOOHGRYHUJHRWH[WLOHIDEULFDQGLQFKHVRIFUXVKHGVWRQHDQGZLOOEHRYHUODLGZLWK
LQFKHVRIVHOHFWJUDYHODQGIOH[LEOHSDYHPHQW)ORZFRQWUROZLOOEHUHTXLUHGGXULQJFRQVWUXFWLRQ
7\SLFDOGHWDLOVIRUWKHFXOYHUWVDVZHOODVIRUWKH3ROH'LNHJDWHVWUXFWXUHDUHLQFOXGHGLQ9ROXPH
,,6KHHWV±
7KHVXEJUDGHZLOOUHTXLUHGHZDWHULQJWRIWEHORZWKHSURSRVHGEHGGLQJVXEJUDGHWRSURYLGHD
VWDEOH VXUIDFH IRU FRQVWUXFWLRQ 'HZDWHULQJ WR ORZHU WKH ORFDOL]HG ZDWHU WDEOH ZRXOG EH
DFFRPSOLVKHG XWLOL]LQJ HLWKHU D ZHOO SRLQW V\VWHP RU VKHHW SLOH FRIIHUGDP V\VWHP DQG VXPSV
7KH DGYDQWDJH RIWKH FRIIHUGDP V\VWHP LV WKDWWKH VKHHWLQJ FDQ EH GULYHQ GHHS WR HIIHFWLYHO\
FXWRIIRUUHGXFHJURXQGZDWHUIORZ+RZHYHUDGLVDGYDQWDJHLVWKDWVKHHWUHPRYDOPD\LQGXFH
VHWWOHPHQWGXHWRYLEUDWLRQ$EDQGRQLQJWKHVKHHWVLQSODFHZRXOGLQFUHDVHFRVWRILQVWDOODWLRQ
EXWPD\EHLQFRUSRUDWHGLQWRWKHILQDOIRXQGDWLRQGHVLJQ
$WHPSRUDU\E\SDVVZRXOGEHUHTXLUHGDWHDFKVWUHDPFURVVLQJGXULQJFXOYHUWLQVWDOODWLRQ7KH
K\GUDXOLF FDSDFLW\ RI WKH E\SDVV FXOYHUWV ZRXOG PHHW RU H[FHHG WKH FDSDFLW\ RI WKH H[LVWLQJ
FXOYHUWV ,QFUHDVHG OHQJWK DQG DOLJQPHQWV ZRXOG EH IDFWRUHG E\ FDOFXODWLQJ WKH HIIHFWLYH
K\GUDXOLF FDSDFLW\ ZKLFK ZRXOG OLNHO\ UHVXOW LQ DQ LQFUHDVH WKH SLSH GLDPHWHU 7KH WHPSRUDU\
JUDYLW\FXOYHUWVZRXOGEHHLWKHUURXWHGWKURXJKRUDURXQGWKHH[FDYDWLRQ
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 3UHOLPLQDU\5RDGZD\'HVLJQ3ODQV
7KH FULWHULD HVWDEOLVKHG E\ WKH UHVWRUDWLRQ WHDP ZHUH WR HOHYDWH ORZO\LQJ URDGV DERYH WKH
PRGHOHG VWRUP RI UHFRUG ZDWHU HOHYDWLRQ WKURXJKRXW WKH SURMHFW DUHD 7KH SUHYLRXV UHSRUW
SUHSDUHGE\&/(  UHFRPPHQGHGHOHYDWLQJWKHURDGVDERYHWKHVWRUPRIUHFRUGZLWKDQ
DSSUR[LPDWHLQFKIUHHERDUGWRHOHYDWLRQ:+*PRGHOHGWKHSURSRVHGFRQGLWLRQVVXFKWKDW
WKH VWRUP RI UHFRUG ZRXOG QRW RYHUWRS WKH URDGV ZLWKLQ WKH VWXG\ DUHD 7KH IRFXV RI WKH
K\GURG\QDPLFPRGHODQDO\VLVZDVWRHOLPLQDWHK\GUDXOLFUHVWULFWLRQVWKDWZRXOGLPSHGHVDOLQLW\
SHQHWUDWLRQWRWKHXSSHUUHDFKHVRIWKHEDVLQDQGWKHUHE\PD[LPL]HWLGDOUHVWRUDWLRQ7KHUHIRUH
WKHFULWHULDZLOOFRQWLQXHWRHOHYDWHWKHURDGVWRPDNHWKHPSDVVDEOHGXULQJODUJHFRDVWDOVWRUP
HYHQWV LH VWRUP RI UHFRUG  KRZHYHU WKHVH URDG VHJPHQWV ZLOO QRW EH GHVLJQHG WR EH
SDVVDEOHGXULQJVWRUPHYHQWVWKDWH[FHHGWKHVWRUPRIUHFRUGVSHFLILFDOO\WKHURDGZD\ZLOOEH
RYHUWRSSHGGXULQJWKH)(0$IORRGHYHQWRU\HDUVWRUP

7.1

Design Criteria

/RXLV%HUJHUDVVHVVHGWKHDPRXQWRIIUHHERDUGWRDSSO\LQGHWHUPLQLQJPLQLPXPURDGVXUIDFH
HOHYDWLRQV )UHHERDUG LV D IDFWRU RI VDIHW\ XVXDOO\ H[SUHVVHG LQ IHHW DERYH D IORRG OHYHO IRU
SXUSRVHVRIIORRGSODLQPDQDJHPHQW )UHHERDUG WHQGVWRFRPSHQVDWHIRUWKHPDQ\ XQNQRZQ
IDFWRUV WKDW FRXOG FRQWULEXWH WR IORRG KHLJKWV JUHDWHU WKDQ WKH KHLJKW FDOFXODWHG IRU D VHOHFWHG
VL]HIORRGDQGIORRGZD\FRQGLWLRQVVXFKDVZDYHDFWLRQEULGJHRSHQLQJVDQGWKHK\GURORJLFDO
HIIHFW RI XUEDQL]DWLRQ RI WKH ZDWHUVKHG $V QRWHG DERYH &/( UHFRPPHQGHG D IUHHERDUG RI 
LQFKHVLIWKHREMHFWLYHZHUHWRPDNHWKHURDGVIXOO\DFFHVVLEOHGXULQJDQQXDOKLJKZDWHUHYHQWV
DQGQRWRYHUWRSGXULQJWKHVWRUPRIUHFRUG7KHUHVWRUDWLRQWHDPUHFRPPHQGVFRQWLQXLQJZLWK
LQFKHVRIIUHHERDUGDERYHWKHVWRUPRIUHFRUGWRHOHYDWHWKHVHURDGZD\V
7KH FULWHULRQ HVWDEOLVKHG E\ WKH 3URMHFW 7HDP LV WR HOHYDWH WKH URDGZD\ DERYH WKH VWRUP RI
UHFRUGLQFOXGLQJLQFKHVRIIUHHERDUG7KHHOHYDWLRQVDVVRFLDWHGZLWKWKHVWRUPRIUHFRUGZHUH
EDVHGXSRQPRGHOGDWDSUHSDUHGE\:+*,WVKRXOGEHQRWHGWKDWWKHHOHYDWLRQDVVRFLDWHGZLWK
WKHVWRUPRIUHFRUGYDULHVDORQJWKHURDGZD\VHJPHQWDOLJQPHQW3URYLGHGEHORZLQ7DEOHLVD
VXPPDU\RIHOHYDWLRQGDWDDORQJWKHDOLJQPHQW
7DEOH6XPPDU\(OHYDWLRQ'DWD

/RFDWLRQ

&XUUHQW
(OHYDWLRQ
1$9' 

6WRUP5HFRUG
3URSRVHG5RDGZD\
(OHYDWLRQ
(OHYDWLRQ
1$9' 
1$9' 

2OG&RXQW\5G/RPEDUG+ROORZ 1 







2OG&RXQW\5G/RPEDUG+ROORZ 6 







2OG&RXQW\5G3DUDGLVH+ROORZ







%RXQG%URRN,VODQG5GDW%RXQG%URRN







%RXQG%URRN,VODQG5GDW+HUULQJ5LYHU













3ROH'LNH5G
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7KHSURSRVHGGHVLJQHOHYDWHVWKHURDGZD\VHJPHQWVWRKDYHDPLQLPXPHOHYDWLRQDERYHWKH
FULWHULD HVWDEOLVKHG LQ 7DEOH  7KH SURSRVHG URDGZD\ DOLJQPHQW PDLQWDLQV WKH H[LVWLQJ
KRUL]RQWDOJHRPHWU\7KHFHQWHUOLQHRIWKHSURSRVHGURDGPDWFKHVWKHFHQWHUOLQHRIWKHH[LVWLQJ
URDGV
+RUL]RQWDODQGYHUWLFDODOLJQPHQWRIWKHHOHYDWHGURDGVHJPHQWVIROORZVSXEOLVKHGVWDQGDUGVE\
0DVV'27 $PHULFDQ $VVRFLDWLRQ RI 6WDWH +LJKZD\ DQG 7UDQVSRUWDWLRQ 2IILFLDOV $$6+72 
*UHHQ %RRN   DQG WKH )HGHUDO +LJKZD\ $GPLQLVWUDWLRQ 6HYHUDO URDGZD\ VHJPHQWV DUH
EHLQJ HOHYDWHG DQG WKHVH HOHYDWHG URDGZD\ VHJPHQWV QHHG WR WUDQVLWLRQ EDFN LQWR H[LVWLQJ
JHRPHWULF DOLJQPHQWV 7KH SURSRVHG OD\RXW HVVHQWLDOO\ FRQVLVWV RI WKH VDPH KRUL]RQWDO
DOLJQPHQWRIWKHH[LVWLQJURDGZD\ZLWKPLQRUDGMXVWPHQWVLQYHUWLFDODOLJQPHQWWRDFFRPPRGDWH
WKH LQFUHDVHG HOHYDWLRQ DQG FXOYHUW FURVVLQJV VHH 9ROXPH ,, 6KHHWV  WKURXJK  IRU
SURSRVHGFRQGLWLRQV 
7KH &/( 5HSRUW UHFRPPHQGHG WKH IROORZLQJ URDGZD\ FURVVVHFWLRQ WZR IRRW WUDYHO ODQHV
DQGWZRIRRWVKRXOGHUVIRUWRWDOZLGWKRIIHHW,QLWLDOGLUHFWLRQUHFRPPHQGHGE\WKH:HOOIOHHW
'LUHFWRU RI 3XEOLF :RUNV LV WR PDWFK H[LVWLQJ ODQHV DQG VKRXOGHUV ,W LV DOVR QRWHG WKDW
GLVFXVVLRQV DW WKH SXEOLF PHHWLQJ ZHUH WR LQFUHDVH VKRXOGHUV IRU SHGHVWULDQV F\FOLVWV DQG
YDULRXVRWKHUUHFUHDWLRQDODFWLYLWLHVZKLOHPDLQWDLQLQJWKHUXUDOFKDUDFWHURIWKHURDGVHJPHQWV
7KH SURSRVHG GHVLJQ PDLQWDLQV D FRQVLVWHQW FURVVVHFWLRQ GHVLJQ IRU WKH HOHYDWHG URDGV WZR
IRRW WUDYHOZD\V DQG WZR IRRW XQSDYHG VKRXOGHUV 7KH 0DVV'27 GHVLJQ FULWHULD  
UHFRPPHQGV D WUDYHO ODQH ZLGWK RI IRRW WR IRRW 7KH H[LVWLQJ URDGZD\ KDV DQ DYHUDJH
ZLGWK RI IRRW )RU VDIHW\ SXUSRVHV /RXLV %HUJHU UHFRPPHQGV LQFUHDVLQJ WKH WUDYHO ODQH
ZLGWKWRIRRW7KHSURSRVHGDOLJQPHQWLVEDVHGXSRQWZR  IRRWSDYHGWUDYHOZD\VDQG
WZR  IRRWXQSDYHGVKRXOGHUV
7KH H[LVWLQJ URDGZD\V KDYH OLPLWHG JXDUGUDLOV DORQJ WKH DOLJQPHQW 0DVV'27  
UHFRPPHQGVJXDUGUDLOVRQURDGZD\VZLWKFOHDU]RQHVWKHWRWDOURDGVLGHERUGHUDUHDDYDLODEOH
IRUVDIHXVHE\HUUDQWYHKLFOHVRIIRRWWRIRRWRQURDGVZLWKDGHVLJQVSHHGXQGHUPLOHV
SHUKRXU 03+ 7KHH[LVWLQJURDGZD\VDUHXQSRVWHGDQGDUHORFDWHGLQDQXQFRQJHVWHGDUHD
%DVHGRQLQSXWUHFHLYHGIURPWKHORFDOSROLFHGHSDUWPHQWVWKHH[LVWLQJVSHHGOLPLWLV03+,W
LV UHFRPPHQGHG WKDW WKH HOHYDWHG URDGZD\V KDYH D SRVWHG VSHHG OLPLW RI  03+ 3HU
0DVV'27 +LJKZD\ 'HVLJQ 0DQXDO 6HFWLRQ  WKH GHVLJQ VSHHG ZRXOG EH  03+ RYHU
SRVWHGVSHHGWROLPLWZKLFKDFFRXQWVIRUWUDIILFYROXPHVDQGDQWLFLSDWHGGULYHUFKDUDFWHULVWLFV
7KHUHFRPPHQGHGVLGHVORSHWUHDWPHQWLVKRUL]RQWDOWRYHUWLFDOUDWLRWREOHQGWKHVLGHVORSHV
LQWRH[LVWLQJJUDGHVDYRLGLQJDEUXSWVWHHSWUDQVLWLRQVEHWZHHQWKHURDGDQGDGMDFHQWODQGIRU
WKHVDIHW\RISHGHVWULDQVF\FOLVWVDQGHTXHVWULDQV$KRUL]RQWDOWRYHUWLFDOUDWLRVLGHVORSH
SURYLGHVDVORSHWKDWFDQEHVWDELOL]HGZLWKQDWXUDOYHJHWDWLRQUHTXLULQJOLPLWHGVFRXUSURWHFWLRQ
$VWHHSHUKRUL]RQWDOWRYHUWLFDOUDWLRVORSHZRXOGUHTXLUHVWRQHDUPRULQJ,WVKRXOGEHQRWHG
WKDWDKRUL]RQWDOWRYHUWLFDOUDWLRVORSHLVGHILQHGDVDQRQUHFRYHUDEOHVORSHDVORSHWKDWLV
FRQVLGHUHGWUDYHUVDEOHEXWRQZKLFKDQHUUDQWYHKLFOHZLOOFRQWLQXHWRWKHERWWRPZKHUHDVDQ
HUUDQWYHKLFOHPD\EHVORZHGRUVWRSSHGRQOHVVVWHHSUHFRYHUDEOHVORSHV
)RU VLGH VORSH WUHDWPHQWV WKH GHVLJQ REMHFWLYHV DUH WR EOHQG WKH VLGH VORSHV LQWR H[LVWLQJ
JUDGHVDYRLGLQJDEUXSWVWHHSWUDQVLWLRQVDQGWRDYRLGVORSHVZLWKLQWKHUHFRYHU\]RQHWRDYRLG
RUPLQLPL]HWKHQHHGIRUJXDUGUDLOVSHU0DVV'27VWDQGDUGV*UDGLQJZLOOEHPLQLPL]HGWROLPLW
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ILOO RXWVLGH WKH ULJKWRIZD\ DQG PLQLPL]H LPSDFWV WR VWDWH DQG IHGHUDO MXULVGLFWLRQDO UHVRXUFH
DUHDV
7KH SURSRVHG HOHYDWHG URDGZD\V PDLQWDLQ WKH H[LVWLQJ KRUL]RQWDO DOLJQPHQW7KH FHQWHUOLQH RI
WKH URDGZD\ LV PDLQWDLQHG WR EDODQFH UHVRXUFH LPSDFWV DQG SURSHUW\ LPSDFWV 7KH YHUWLFDO
DOLJQPHQW LV DGMXVWHG WR PHHW WKH GHVLJQ FULWHULD RI HOHYDWLQJ WKH URDGZD\V DERYH WKH GHVLJQ
FULWHULD
3URYLGHGLQ6HFWLRQLVWKHSURSRVHGFRQVWUXFWLRQVHTXHQFLQJDQGSKDVLQJWRIDFLOLWDWHURDG
FORVXUHDQGGHWRXUSODQQLQJ7KHURDGZD\LVWRRQDUURZWRPDLQWDLQDOWHUQDWLQJWUDIILFZKLFKZLOO
QHFHVVLWDWHURDGFORVXUHGXULQJFRQVWUXFWLRQ

7.2

Guardrails

,QRUGHUWRFRPSO\ ZLWK0DVV'27VWDQGDUGVLWZLOOEHQHFHVVDU\WRLQVWDOOJXDUGUDLOVDORQJWKH
HGJHRIWKHURDGZD\LQWKHDUHDVZKHUHWKHURDGZLOOEHILOOHGWRUDLVHDOLJQPHQWDERYHWKHVWRUP
RIUHFRUGHOHYDWLRQ0DVV'27VWDQGDUGVUHTXLUHWKDWIRUDURDGZD\ZLWKDGHVLJQVSHHGRIOHVV
WKDQPSKJXDUGUDLOVDUHQHFHVVDU\LIWKHFOHDU]RQHLVOHVVWKDQIHHWZLGH6LQFHWKHFOHDU
]RQH LV GHILQHG DV DQ DUHD ZLWK WUDYHUVDEOH UHFRYHUDEOH VORSH +9 RU IODWWHU  LW ZLOO EH
QHFHVVDU\WRSXWXSJXDUGUDLOVDORQJQHDUO\WKHHQWLUHVRXWKERXQGVHFWLRQRISURSRVHGHOHYDWHG
URDGZD\ DQG VRPH SRUWLRQV RI WKH QRUWKERXQG SURSRVHG HOHYDWHG ODQHV ,W LV HVWLPDWHG WKDW
DSSUR[LPDWHO\  OLQHDUIHHW RIJXDUGUDLO ZLOO EH QHHGHGIRUWKH VRXWKERXQG VLGH DQG
OLQHDUIHHWIRUWKHQRUWKERXQGODQHV)LQDOJXDUGUDLOVHOHFWLRQDQGSODFHPHQWZLOOUHTXLUHIXUWKHU
GLVFXVVLRQZLWKWKHSURMHFWWHDP)DFWRUVWRFRQVLGHUDUHWKHVFHQLFQDWXUHRIWKHURDGZD\DQG
VDIHW\

7.3

Alternatives Analysis

 6WUXFWXUDO$OWHUQDWLYHV
,QWKHDQDO\VLVRIDOWHUQDWLYHVWRWKHSURSRVHGGHVLJQYDULRXVVLGHVORSHVZHUHHYDOXDWHG7KH
GHVLJQ REMHFWLYH ZDV WR GHILQH DVWDQGDUGJHRPHWU\ WKDW ZRXOG EH HIIHFWLYHO\ PLQLPL]H LPSDFW
RQ DGMDFHQW SDUFHOV DQG UHGXFH LPSDFW LQ UHVRXUFH DUHDV $V PHQWLRQHG LQ 6HFWLRQ  WKH
SURSRVHG URDGZD\ FURVVVHFWLRQ LQFOXGHV WZR   IRRW WUDYHO ZD\V DQG WZR   IRRW
XQSDYHG VKRXOGHUV7KH GLVFXVVLRQ FRQWDLQHG KHUHLQ LV RQWKH SURSRVHG VLGH VORSHJHRPHWU\
DVLWWUDQVLWLRQVIURPHOHYDWHGSDYHGDUHDVWRH[LVWLQJWRSRJUDSK\
$ JUDGXDO VLGH VORSH ZLWK LQFUHDVHG KRUL]RQWDO WR YHUWLFDO UDWLR ZRXOG UHVXOW LQ D PRUH QDWXUDO
VORSHOLNHO\UHGXFLQJWKHWRWDOOHQJWKRIJXDUGUDLOUHTXLUHGSHU0DVV'276WDQGDUGV+RZHYHULW
ZDV GHWHUPLQHG WKDW D PRUH JUDGXDO VLGH VORSH ZRXOG LQFUHDVH LPSDFWV WR DGMDFHQW UHVRXUFH
DUHDV DQG SULYDWH SURSHUWLHV )XUWKHUPRUH JUDGXDO VLGH VORSH !+9  ZRXOG UHVXOW LQ
DGGLWLRQDOILOOEHLQJUHTXLUHGDORQJWKHHQWLUHDOLJQPHQWZKLFKWUDQVODWHVWRDKLJKHUFRQVWUXFWLRQ
FRVW ,Q VXPPDU\ D PRUH JUDGXDO VLGH VORSH ZRXOG UHGXFH WKH DPRXQW RI SURSRVHG JXDUGUDLO
EXWZRXOGLQFUHDVHLPSDFWVRXWVLGHWKHULJKWRIZD\DQGSURMHFWFRVWGXHDGGLWLRQDOILOO
7KH UHFRPPHQGHG  VLGH VORSH FDQ EH VWDELOL]HG ZLWK QDWLYH SODQWLQJV ZLWKRXW FRQFHUQV WR
VORSH VWDELOLW\ 6ORSHV VWHHSHU WKDQ  ZRXOG UHTXLUH HLWKHU DUPRU VWRQH DQGRU JHRWHFKQLFDO
VWDELOL]DWLRQPDW ,W VKRXOGEH QRWHG WKDW WKH WRH RI VORSH ZLOO EH LQXQGDWHG GXULQJ DQ DYHUDJH
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WLGDO F\FOH  3ODQWLQJV LQ WKLV WLGDO UHJLPH PD\ EH FKDOOHQJLQJ WR PDLQWDLQ D FRQVLVWHQW GHQVH
JURZWKDVWKHUHVWRUDWLRQSURMHFWLVSKDVHG0LQRUVORXJKLQJDWWKHWRHRIVORSHLVDQWLFLSDWHGDV
WKH DUHD WUDQVLWLRQV IURP XSODQGV WR WLGDOO\ LQXQGDWHG VDOW PDUVK 6ORSH VWDELOLW\ GXULQJ WKLV
SKDVH ZRXOG EH SUREOHPDWLF IRU VWHHSHU XQSURWHFWHG VORSHV 7KHUHIRUH VLGH VORSH ZLWK WKH
JHRPHWU\ RI  LV UHFRPPHQGHG 6WHHSHU VORSHV ZLOO RQO\ EH XVHG DW FXOYHUW ORFDWLRQV WR
PDLQWDLQ H[LVWLQJ FKDQQHO JHRPHWU\ DQG ZKHUH KHDG DQG ZLQJ ZDOOV ZLOO PDLQWDLQ WKH VLGH
VORSHV
6KLIWLQJ WKH H[LVWLQJ URDGZD\ FHQWHUOLQH ZDV DOVR FRQVLGHUHG %\ VKLIWLQJ WKH URDG DOLJQPHQW
DZD\IURPWKHZHWODQGWKHUHVRXUFHDUHDLPSDFWVFRXOGEHPLQLPL]HGZKLOHLPSDFWVWRSULYDWH
SURSHUWLHV ZRXOG LQFUHDVH +RZHYHU WKLV VKLIW ZRXOG UHVXOW LQ D VLJQLILFDQW LQFUHDVH LQ SURMHFW
FRVW6SHFLILFDOO\WKHFXUUHQWURDGDOLJQPHQWLVFXWDORQJVWHHSJUDGHVJHQHUDOO\DWWKHWRHRI
QDWXUDO HPEDQNPHQWV ,Q VRPH DUHDV WKH H[LVWLQJ VORSH LV  ZLWK WKH WRH RI VORSH DW WKH
SDYHPHQW FURVVVHFWLRQ  $ VKLIW RI WKH FHQWHUOLQH ZRXOG UHTXLUH VLJQLILFDQW FXWV LQWR DGMDFHQW
VWDELOL]HGQDWXUDOHPEDQNPHQWVDQGUHTXLUHWKHFRQVWUXFWLRQRIUHWDLQLQJZDOOV7KHVHUHWDLQLQJ
ZDOOVZRXOGEHVLJQLILFDQWVWUXFWXUHVZLWKYDU\LQJKHLJKWVGHSHQGLQJRQURDGZD\DOLJQPHQW,Q
DGGLWLRQ FRQVWUXFWLRQ ZRXOG UHTXLUH FOHDU FXWWLQJ VLJQLILFDQW SRUWLRQV RI WKH VORSH ZKLFK ZRXOG
OLNHO\ UHVXOW LQ WKH RYHUDOO LQVWDELOLW\ RI WKH VORSH $ GHWDLOHG HQJLQHHULQJ DQDO\VLV ZRXOG EH
UHTXLUHGWRPDLQWDLQVORSHVWDELOLW\GXULQJFRQVWUXFWLRQ
6KLIWLQJ WKH URDGZD\ FHQWHUOLQH DZD\ IURP QDWXUDO HPEDQNPHQWV ZRXOG UHGXFH WKH QHHG IRU
FXWWLQJLQWRVORSHVRQWKHHDVWVLGHRIWKHDOLJQPHQWDQGWKHUHE\FRVWOHVV7KLVRSWLRQWKRXJK
PRUH FRVW EHQHILFLDO ZRXOG UHVXOW LQ JUHDWHU LPSDFWV WRWKH DGMDFHQW UHVRXUFH DUHDV  )RU WKLV
UHDVRQWRFRPSURPLVHEHWZHHQFRVWDQGZHWODQGVLPSDFWLWZDVGHFLGHGWRNHHSWKHSURSRVHG
URDGDOLJQPHQWDWWKHFXUUHQWFHQWHUOLQHRIWKHURDG

 3URMHFW)LOO$OWHUQDWLYHV
,WLVHVWLPDWHGWKDWHOHYDWLQJWKHORZO\LQJURDGVZLOOUHTXLUH ILOOLQJLQDERXWFXELF\DUGV
ZKLFKWUDQVODWHVWRDSSUR[LPDWHO\ORRVHFXELF\DUGVRIVHOHFWJUDQXODUILOOVDQGRUJUDYHO
PHHWLQJ$$6+72VRLOFODVVLILFDWLRQRI$$RU$,WLVHVWLPDWHGWKDWWKHWRWDOSURMHFWFRVW
RI ILOO DQG KDXOLQJ ZRXOG EH WKH JUHDWHVW H[SHQVH IRU WKLV SURMHFW  DERXW  RU DERXW
RIWKHPLOOLRQSURMHFWHGFRVW
7KLV SURMHFW ZLOO EH FRPSHWLWLYHO\ ELG VR LW ZLOO EH WKH ELGGHUFRQWUDFWRU¶V UHVSRQVLELOLW\ WR ILQG
VRXUFHVRIILOOWRVXSSRUWWKHLUELG$VSDUWRIWKHGHVLJQVFRSH/RXLV%HUJHUORRNHGLQWRYDULRXV
VRXUFHVRIILOOIRUWKHSURMHFW,WZDVIRXQGWKDWWKHUHDUHWZRSRWHQWLDOSULYDWHFRPSDQLHVZKLFK
RIIHUWKHDSSURSULDWHILOOIRUFRQVWUXFWLRQSURMHFWVZLWKLQPLOHVRIWKHVLWH:LWKLQWKLVGLVWDQFH
WKHUH DUH RWKHU VDQG DQG JUDYHO SLWV EXW WKH\ GR QRW RIIHU WKH UHTXLUHG TXDQWLWLHV RI VHOHFW ILOO
PDWHULDO WKDW LV UHTXLUHG SHU WKH GHVLJQ VSHFLILFDWLRQV RI WKH SURMHFW DW &DSH &RG $JJUHJDWHV
&RUSRUDWLRQ ORFDWHG LQ +\DQQLV 0$ DQG 3$ /DQGHUV ,QFRUSRUDWHG LQ )RUHVWGDOH 0$ FRXOG
ERWKSRWHQWLDOO\SURYLGHVRPHRIWKHILOOTXDQWLW\UHTXLUHGWRHOHYDWHWKHURDGV6DQGDQGJUDYHO
LV D FRPPRGLW\ DQG OLNH DOO FRPPRGLWLHV WKH SULFH IOXFWXDWHV EDVHG RQ VXSSO\ DQG GHPDQG
ZKLFKLVDIXQFWLRQRIWKHFRQVXPHUPDUNHW,WZLOOEHQHFHVVDU\FORVHUWRWKHDFWXDOELGGLQJRI
WKHSURMHFWWRGHWHUPLQHLIWKHUHZRXOGEHDFRVWEHQHILWWRVRXUFLQJILOOIURPFRPSDQLHV IXUWKHU
WKDQ WKH DVVHVVHG PLOH UDGLXV 7KHVH FRPSDQLHV PD\ KDYH WR WUDQVSRUW WKH ILOO IDUWKHU
GLVWDQFHV EXW FRXOG SRVVLEO\ RIIHU PRUH FRPSHWLWLYH SULFLQJ ,W LV DQWLFLSDWHG WKDW VRXUFLQJ ILOO
IXUWKHUIURPWKHSURMHFWVLWHZLOOUDLVHWKHFRVW

31

June 2015

)ULHQGVRI+HUULQJ5LYHU

&RPSUHKHQVLYH5HSRUW
/RZO\LQJ5RDGZD\V

:HOOIOHHWDQG7UXUR0DVVDFKXVHWWV


2QHRSWLRQWRRIIVHWWKHFRVWRIWUDQVSRUWLQJILOOORQJGLVWDQFHVLVXWLOL]LQJORFDOSXEOLFVRXUFHVRI
ILOO 7KH 7RZQ RI :HOOIOHHW GRHV RZQ DQG RSHUDWH WZR VDQG DQG JUDYHO SLWV DGMDFHQW WR WKH
SURMHFW2QHVLWHLVORFDWHGDGMDFHQWWRWKH7RZQWUDQVIHUVWDWLRQ7KHVHFRQGVLWHLVORFDWHG DW
WKHLQWHUVHFWLRQRI+LJK7RVV%ULGJH5RDGDQG3ROH'LNH5RDG7KH7RZQXVHVERWKDUHDVDV
VRXUFHV RI ILOO IRU URDGZD\ SURMHFWV DQG JHQHUDO ILOO QHHGV IRU WKH 7RZQ 1HLWKHU SLW OLNHO\ KDV
HQRXJKFDSDFLW\WRSURYLGHWKHILOOUHTXLUHGIRUWKHHQWLUHSURMHFW,QDGGLWLRQLWLVDUHVRXUFHWKDW
LV DFWLYHO\ PDQDJHG WR PHHW WKH 7RZQ¶V QHHG IRU LQIUDVWUXFWXUH PDLQWHQDQFHUHSODFHPHQW
SURMHFWV$WWKLVVWDJHWKH7RZQZRXOGEHXQDEOHWRSUHGLFWWKHDELOLW\WRSURYLGHDQ\ILOOIRUWKH
SXUSRVHVRIHOHYDWLQJWKHURDGV$VWKHSURMHFWQHDUVDFWXDOELGGLQJWKHGLVFXVVLRQVKRXOGEH
LQLWLDWHGWRVHHLIDQ\ORFDOILOOLVDYDLODEOHWRRIIVHWWKHSURMHFWFRVWV
$QRWKHU VRXUFH RI ILOO PD\ EH IURP WKH UHPRYDO RI SRUWLRQV RI WKH UHOLF UDLOURDG HPEDQNPHQW
ZLWKLQ WKH SURMHFW DUHD 7KH :+* UHFRPPHQGHG ZLGHQLQJ WKH RSHQLQJ RI WKH H[LVWLQJ UDLO
HPEDQNPHQW IURP IHHW WR IHHW UHPRYLQJ D PLQLPXP RI  IHHW RI HPEDQNPHQW DW WKH
+HUULQJ 5LYHU UHPQDQW UDLOURDG FURVVLQJ 7KH\ VXJJHVWHG WKDW WKH UDLO HPEDQNPHQW FRXOG EH
UHPRYHGHQWLUHO\WRPD[LPL]HPDUVKUHVWRUDWLRQ5HPRYLQJSRUWLRQVRIWKHUDLOURDGHPEDQNPHQW
ZRXOG SURYLGH WKH EHQHILW RI XVLQJ WKH FXWILOO IURP WKH UDLO HPEDQNPHQW IRU ILOO WR HOHYDWH WKH
URDGZD\V :KLOH QRW D VLJQLILFDQW VRXUFH RI ILOO XVLQJ PDWHULDO IURP SRUWLRQV RI UDLOURDG
HPEDQNPHQWFRXOGSRWHQWLDOO\UHGXFHFRVWVE\GHFUHDVLQJILOOTXDQWLWLHVWUDQVSRUWHGIURPRWKHU
VLWHV ,I WKH HQWLUH SRUWLRQ RI UHOLF UDLOURDG HPEDQNPHQW EHWZHHQ 2OG &RXQWU\ 5RDG DQG WKH
WUDQVIHUVWDWLRQ DSSUR[LPDWHO\OLQHDUIHHW DQGDIRRWSRUWLRQRIHPEDQNPHQWFURVVLQJ
%RXQG%URRNQRUWKRI%RXQG%URRN,VODQG5RDGWKLVZRXOGUHVXOWLQDSSUR[LPDWHO\FXELF
\DUGVRIFRPSDFWHGILOORUDSSUR[LPDWHO\RIWKHWRWDOQHHGIRUFRPSDFWHGILOO

7.4

Stormwater Compliance

7KHSURSRVHGSURMHFWWRHOHYDWHWKHURDGZD\VDQGUHSODFHWKHFXOYHUWVZRXOGPHHWWKHGHILQLWLRQ
RI D 5HGHYHORSPHQW 3URMHFW 6HH 6WDQGDUG   DV GHILQHG LQ WKH 0$'(3 0DVVDFKXVHWWV
6WRUPZDWHU+DQGERRN

0DLQWHQDQFH DQG LPSURYHPHQW RI H[LVWLQJ URDGZD\V LQFOXGLQJ ZLGHQLQJ OHVV WKDQ D
VLQJOHODQHDGGLQJVKRXOGHUVFRUUHFWLQJVXEVWDQGDUGLQWHUVHFWLRQVLPSURYLQJH[LVWLQJGUDLQDJH
V\VWHPVDQGUHSDYLQJ

'HYHORSPHQW UHKDELOLWDWLRQ H[SDQVLRQ DQG SKDVHG SURMHFWV RQ SUHYLRXVO\ GHYHORSHG
VLWHVSURYLGHGWKHUHGHYHORSPHQWUHVXOWVLQQRQHWLQFUHDVHLQLPSHUYLRXVDUHDDQG

5HPHGLDO SURMHFWV VSHFLILFDOO\ GHVLJQHG WR SURYLGH LPSURYHG VWRUPZDWHU PDQDJHPHQW
VXFKDVSURMHFWVWRVHSDUDWHVWRUPGUDLQVDQGVDQLWDU\VHZHUVDQGVWRUPZDWHUUHWURILWSURMHFWV
5HGHYHORSPHQW SURMHFWV PXVW PHHW WKH 6WRUPZDWHU 0DQDJHPHQW 6WDQGDUGV WR WKH PD[LPXP
H[WHQW SUDFWLFDEOH :KHUH LW LV QRW SUDFWLFDEOH WR PHHW DOO WKH VWDQGDUGV WKH VWRUPZDWHU
PDQDJHPHQWV\VWHPPXVWEHGHVLJQHGWRLPSURYHH[LVWLQJFRQGLWLRQV
5HGHYHORSPHQW HJFRUUHFWLQJVXEVWDQGDUGLQWHUVHFWLRQVURDGSURILOHLPSURYHPHQWVGUDLQDJH
LPSURYHPHQWV FXOYHUW UHSODFHPHQW IRRWSULQW EULGJH UHSODFHPHQW SDYHPHQW UHVXUIDFLQJ
UHFODPDWLRQDQGRUVKRXOGHUZLGHQLQJZLWKGUDLQDJHLPSURYHPHQWV SURMHFWVPXVWFRPSO\ZLWK
6WDQGDUGRIWKH3ROLF\ZKLFKUHTXLUHVWKHSURMHFWWRPHHWDOORIWKH6WRUPZDWHU0DQDJHPHQW
6WDQGDUGVWRWKHPD[LPXP H[WHQWSUDFWLFDEOH ,I QRW SUDFWLFDEOHWRPHHW DOO WKH VWDQGDUGV WKH
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VWRUP ZDWHU PDQDJHPHQW V\VWHP PXVW EH GHVLJQHG DW D PLQLPXP WR LPSURYH H[LVWLQJ
FRQGLWLRQV6SHFLILFFRQVWUDLQWVDVVRFLDWHGZLWKSXEOLFLQIUDVWUXFWXUHSURMHFWVPD\LQFOXGHOLPLWHG
ULJKWRIZD\SRRUVRLOVODUJHLPSHUYLRXVDUHDVDQGH[LVWLQJGUDLQDJHVWUXFWXUHVDQGV\VWHPV
7KHJRDOLVWRPHHWDVPDQ\RIWKHVWDQGDUGVDVSRVVLEOHWRWKHPD[LPXPH[WHQWSUDFWLFDEOH
7KHGHVLJQLVUHTXLUHGWRGRFXPHQWUHDVRQDEOHHIIRUWVWRPHHWWKH6WDQGDUGV
,Q DFFRUGDQFH ZLWK 6WDQGDUG  D UHGHYHORSPHQW SURMHFW LV UHTXLUHG WR PHHW 6WRUPZDWHU
0DQDJHPHQW 6WDQGDUGV  DQG  WR WKH PD[LPXP H[WHQW SUDFWLFDEOH ,Q DGGLWLRQ WKH SURMHFW
PXVW DOVR WR DGKHUH WR WKH SUHWUHDWPHQW DQG VWUXFWXUDO VWRUPZDWHU EHVW PDQDJHPHQW SUDFWLFH
UHTXLUHPHQWV RI 6WDQGDUGV  WKURXJK  ([LVWLQJ VWRUPZDWHU GLVFKDUJHV VKDOO FRPSO\ ZLWK
6WDQGDUGRQO\WRWKHPD[LPXPH[WHQWSUDFWLFDEOH$UHGHYHORSPHQWSURMHFWVKDOODOVRFRPSO\
ZLWK DOO RWKHU UHTXLUHPHQWV RI WKH 6WRUPZDWHU 0DQDJHPHQW 6WDQGDUGV DQG LPSURYH H[LVWLQJ
FRQGLWLRQV
³$VVHWIRUWKLQ6WDQGDUGWKHSKUDVH³WRWKHPD[LPXPH[WHQWSUDFWLFDEOH´PHDQVWKDW

3URSRQHQWV RI UHGHYHORSPHQW SURMHFWV KDYH PDGH DOO UHDVRQDEOH HIIRUWV WR PHHW WKH
UHTXLUHPHQWV RI 6WDQGDUGV  DQG  DQG WKH SUHWUHDWPHQW DQG VWUXFWXUDO VWRUPZDWHU EHVW
PDQDJHPHQWSUDFWLFHVUHTXLUHPHQWVRI6WDQGDUGVDQGDQGWREULQJH[LVWLQJRXWIDOOVLQWR
FRPSOLDQFHZLWK6WDQGDUG

7KH\KDYHPDGHDFRPSOHWHHYDOXDWLRQRISRVVLEOHVWRUPZDWHUPDQDJHPHQWPHDVXUHV
LQFOXGLQJHQYLURQPHQWDOO\VHQVLWLYHVLWHGHVLJQWKDWPLQLPL]HVODQGGLVWXUEDQFHDQGLPSHUYLRXV
VXUIDFHVORZLPSDFWGHYHORSPHQWWHFKQLTXHVDQGVWUXFWXUDOVWRUPZDWHU%03VDQG

,IQRWLQIXOOFRPSOLDQFHZLWK6WDQGDUGIRUH[LVWLQJRXWIDOOV6WDQGDUGVDQGDQGWKH
SUHWUHDWPHQWDQGVWUXFWXUDOVWRUPZDWHUEHVWPDQDJHPHQWSUDFWLFHUHTXLUHPHQWVRI6WDQGDUGV
DQGWKH\DUHLPSOHPHQWLQJWKHKLJKHVWSUDFWLFDEOHOHYHORIVWRUPZDWHUPDQDJHPHQW´
&RPSOLDQFHZLWKWKHVWRUPZDWHUUHJXODWLRQVLVUHTXLUHGWRWKHPD[LPXPH[WHQWSUDFWLFDOIRUWKLV
SURMHFW  7KH WZR SULPDU\ FRQVWUDLQWV IRU WKLV SURMHFW DUH WKH OLPLWHG ULJKW RI ZD\ DQG DGMDFHQW
UHVRXUFH DUHDV 7KH FULWHULRQ GHVFULEHG DERYH WR GHILQH ³WR WKH PD[LPXP H[WHQW SUDFWLFDEOH´
SURYLGHV JHQHUDO JXLGDQFH WR EH XVHG LQ WKH SHUPLW GHVLJQ VXEPLVVLRQ 3UDFWLFHV WKDW ZRXOG
UHTXLUHHLWKHUDGGLWLRQDOUHVRXUFHDUHDLPSDFWVRULPSDFWVWRSULYDWHSURSHUW\ZRXOGEHGHILQHG
DV QRW SUDFWLFDEOH IRU WKH SXUSRVHV RI VWRUPZDWHU FRPSOLDQFH 7KH VWRUPZDWHU PDQDJHPHQW
SODQ ZKLFK ZLOO EH GHYHORSHG DV WKH GHVLJQ DGYDQFHV ZRXOG DWWHPSW WR PHHW HDFK RI WKH
VWDQGDUGVDGHTXDWHO\GRFXPHQWVWDQGDUGVWKDWFRXOGEHPHWDQGEHGHVLJQHGDWDPLQLPXPWR
LPSURYH H[LVWLQJ FRQGLWLRQV *HQHUDOO\ DQ DOWHUQDWLYH LV SUDFWLFDEOH LI LW FDQ EH LPSOHPHQWHG
ZLWKLQWKHVLWHEHLQJUHGHYHORSHGWDNLQJLQWRFRQVLGHUDWLRQFRVWODQGDUHDUHTXLUHPHQWVVRLOV
DQGRWKHUVLWHFRQVWUDLQWV+RZHYHURIIVLWHDOWHUQDWLYHVPD\DOVREHSUDFWLFDEOH$QHYDOXDWLRQ
RISUDFWLFDEOHDOWHUQDWLYHVZLWKVXIILFLHQWLQIRUPDWLRQWRVXSSRUWWKHFRQFOXVLRQVRIWKHDQDO\VLV
ZLOOIROORZLQVXEVHTXHQWGHVLJQSKDVHV

7.5

Resource Area Impacts

&RQVWUXFWLRQRIWKLVSURMHFWZRXOGUHVXOWLQLPSDFWVWR%9: %/6),/6)%DQN/8:5)DQG
IRRWEXIIHUDUHDVLQERWK:HOOIOHHWDQG7UXUR:HWODQGLPSDFWVLQWKH7RZQVRI:HOOIOHHWDQG
7UXUR ZRXOG SULPDULO\ LQYROYH WKH ORVV RI IRUHVWHG DQG VFUXEVKUXE ZHWODQGV ERUGHULQJ
DVVRFLDWHG GUDLQDJH FRXUVHV RU ZDWHUZD\ 1R NQRZQ YHUQDO SRROV ZRXOG EH LPSDFWHG E\ WKH
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SURMHFW,PSDFWVWRZHWODQGVDUHDQWLFLSDWHGZLWKWKHSURMHFWDQGDUHVKRZQLQ7DEOH,WVKRXOG
EHQRWHGWKDWRQO\WKHSHUPDQHQWLPSDFWVWR%9:DQG,/6)KDYHEHHQFDOFXODWHGDWWKLVWLPH
,PSDFWV WR RWKHU UHVRXUFH DUHDV ZLOO EH GHWHUPLQHG LQ IXWXUH GHVLJQ SKDVHV DQG ZLOO LQFOXGH
WHFKQLTXHVWRDYRLGDQGPLQLPL]HLPSDFWVWRDOOUHVRXUFHDUHDV3HUPDQHQWLPSDFWVDUHWKHORVV
RIDZHWODQGUHVRXUFHDUHDVIROORZLQJFRQVWUXFWLRQDQGPD\UHVXOWIURPZDWHUFRXUVHUHORFDWLRQ
RUDOWHUDWLRQDQGSODFHPHQWRIZHWODQGILOO7HPSRUDU\ZHWODQGLPSDFWVDUHDQWLFLSDWHGWRRFFXU
ZLWKLQ WKH ]RQH EHWZHHQ SHUPDQHQW ZHWODQG LPSDFW OLPLW DQG WKH 3URSRVHG (URVLRQ
&RQWURO/LPLW7KHVHVKRUWWHUPWHPSRUDU\LPSDFWVPD\LQFOXGHEXWDUHQRWOLPLWHGWRLQVWDOOLQJ
HURVLRQ FRQWUROV YHJHWDWLRQ UHPRYDO HVWDEOLVKLQJ ZRUN DUHDV DQG LQVWDOOLQJ WHPSRUDU\
VWUXFWXUHV *HQHUDOO\ WHPSRUDU\ LPSDFWV FRQVLVW RI D IRRW WHPSRUDU\ ZRUN ]RQH EH\RQG WKH
OLPLWV RI WKH SURSRVHG JUDGLQJ DQG WKHVH DUHDV RI WHPSRUDU\ LPSDFW ZLOO EH UHVWRUHG WR
SUHFRQVWUXFWLRQFRQGLWLRQVIROORZLQJWKHFRPSOHWLRQRIZRUNWKURXJKWKHSODFHPHQWRILQFKHV
WRSVRLODQGWKHK\GURVHHGLQJRIDZHWODQGVVHHGPL[

7DEOH$SSUR[LPDWH3HUPDQHQW:HWODQG,PSDFWV
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7.6

Property Impacts

5DLVLQJ WKH URDG WR WKH VWRUP RI UHFRUG HOHYDWLRQ ZLOO UHVXOW LQ D ZLGHU ]RQH RI FRQVWUXFWLRQ
LPSDFW7KRXJKWKHULJKWRIZD\YDULHVRYHUWKHOHQJWKRIWKHDOLJQPHQWWKHDYHUDJHZLGWKRIWKH
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ULJKWRIZD\LVIHHW,QVRPHORFDWLRQVRIWKHSURMHFWDUHDLWZLOOEHQHFHVVDU\WRH[WHQGWKH
URDGJUDGLQJILOORQWRVRPHSULYDWHDQGPXQLFLSDOSURSHUWLHV,WLVHVWLPDWHGWKDWWKLVWRWDOLPSDFW
DUHD RXWVLGH WKH ULJKW RI ZD\ ZLOO EH DSSUR[LPDWHO\  VTXDUH IHHW RU  DFUHV 7KH
PDMRULW\ RI WKHVH SURSHUW\ LPSDFWV OLH ZLWKLQ :HOOIOHHW 3URYLGHG EHORZ LQ 7DEOH  LV D OLVW RI
SURSHUWLHVWKDWDUHH[SHFWHGWREHHQFURDFKHGXSRQE\WKHHOHYDWHGURDGGHVLJQ,WVKRXOGEH
QRWHG WKH ILQDO JUDGLQJ DOVR SURSRVHV JUDGLQJ DGMXVWPHQWV WR LVRODWHG GULYHZD\V WR HOLPLQDWH
QHJDWLYHVORSLQJDQGSRQGLQJ
7KHVXPPDU\RISURSHUWLHVH[SHFWHGWREHHQFURDFKHGXSRQLVEDVHGXSRQWRZQWD[DVVHVVRU
PDSSLQJDQGQRWEDVHGXSRQDFWXDOSURSHUW\OLQHVXUYH\7KHIXWXUHGHVLJQSKDVHZLOODWWHPSW
WRPLQLPL]HHQFURDFKPHQWRQWRWKHVHSURSHUWLHVZKHUHYHUIHDVLEOHE\DGMXVWLQJWKHDOLJQPHQWWR
VWD\ZLWKLQWKHFXUUHQWULJKWRIZD\WRDYRLGLPSDFWLQJDUHDVRISULYDWHO\RZQHGODQGDQGUDLVLQJ
SURMHFW FRVW WKURXJK SXUFKDVH RI HDVPHQWV $FWXDO JUDGLQJ HDVHPHQWV LI UHTXLUHG  VKRXOG EH
EDVHG XSRQ VXUYH\HG SURSHUW\ GDWD 7KH H[LVWLQJ GDWD PD\ EH VXIILFLHQW LI JHQHUDO SURSHUW\
DFFHVVDJUHHPHQWVDUHDFFHSWDEOHEHWZHHQWKHSURMHFWSURSRQHQWDQGWKRVHRZQHUVLGHQWLILHG
LQ7DEOH
7DEOH,PSDFWHG3DUFHOV
3DUFHO


3URSHUW\1DPH
*UHHQH'LDQH0 $OH[URG
1DRPL*

3KHDVDQW5XQ

:HOOIOHHW
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 7UDIILF0DQDJHPHQW$QDO\VLV
/RXLV %HUJHU HYDOXDWHG DOWHUQDWLYHV IRU PDQDJLQJ WUDIILF IORZ GXULQJ FRQVWUXFWLRQ %DVHG RQ
/RXLV %HUJHU¶V DQDO\VLV D 0DLQWHQDQFH 3URWHFWLRQ RI 7UDIILF 3ODQV 0327  ZDV GHYHORSHG LQ
DFFRUGDQFHZLWKWKH)HGHUDO+LJKZD\0DQXDO8QLIRUP7UDIILF&RQWURO'HYLFHV 087&' 
7KH H[LVWLQJ URDGZD\V DUH WRR QDUURZ WR PDLQWDLQ HYHQ D VLQJOH ODQH RI WUDIILF GXULQJ
FRQVWUXFWLRQ7KHUHIRUHHDFKURDGZD\VHJPHQWZLOOUHTXLUHFORVXUH7KHJHQHUDODSSURDFKIRU
WUDIILF PDQDJHPHQW LV WR EUHDN XS WKH URDGZD\ VHJPHQWV LQWR FRQVWUXFWLRQ SKDVHV DQG ZRUN
]RQHV'XULQJHDFKFRQVWUXFWLRQSKDVHWKHURDGXQGHUJRLQJFRQVWUXFWLRQZLOOEHFORVHG/RQJHU
URDGZD\ VHJPHQWV ZLOO EH RSHQ WR ORFDO WUDIILF DQG FORVHG WR WKURXJK WUDIILF 7KH DFWLYH ZRUN
]RQH ZLOO EH OLPLWHG WR DVVXUH DFFHVV WR UHVLGHQFHV DQGRU DGMDFHQW SURSHUWLHV LV PDLQWDLQHG
GXULQJ FRQVWUXFWLRQ 1R GULYHZD\ ZLOO EH LVRODWHG GXULQJ FRQVWUXFWLRQ ,W PD\ EH QHFHVVDU\ WR
DFFHVVVRPHSURSHUWLHVYLDDQXQSDYHGURDGZD\IRUDSHULRGRIWLPH
7KH0327FRQVLVWVRIWKUHHGHWRXUORRSVWKDWZLOOURXWHWUDIILFDURXQGVHFWLRQVRIURDGZD\WKDW
DUHFORVHGGXULQJFRQVWUXFWLRQ7KHGHWRXUVZRXOGWDNHSODFHLQSKDVHVDORQJZLWKFRQVWUXFWLRQ
VRRQO\RQHGHWRXUZRXOGEHLQSODFHDWDWLPH$OOWKUHHORRSVOHDGIURPWKHSURMHFWVLWHLQWKH
JHQHUDOO\ DORQJ HDVWZHVW UXQQLQJ URDGV WR 86 +LJKZD\  DQG EDFN WR WKH SURMHFW VLWH 7KH
WKUHHORRSVHQVXUHWKDWDFFHVVLVPDLQWDLQHGWRDOOSURSHUWLHVLQWKHSURMHFWVLWHDUHDWKURXJKRXW
WKHFRQVWUXFWLRQSURFHVV%HORZLVDGHVFULSWLRQRIHDFKGHWRXUIURPVRXWKWRQRUWKIRUYHKLFOHV
WUDYHOLQJIURPQRUWKWRVRXWKHDFKGHWRXUORRSZRXOGEHUHYHUVHG
x 3KDVH, 6WDWLRQV72 IURP3ROH'LNH5RDGMXVWQRUWKRI7URWWLQJ3DUN5RDG
VRXWKHDVW DORQJ 3ROH 'LNH 5RDG DQG :HVW 0DLQ 6WUHHW HDVW DORQJ 2OG &KHTXHVVHWW
1HFN 5RDG QRUWK DORQJ %ULDU /DQH QRUWK DORQJ 86 +LJKZD\  DQG ZHVW DORQJ &ROHV
1HFN5RDGWRWKH3ROH'LNH5RDGDQG%RXQG%URRN,VODQG5RDGLQWHUVHFWLRQ
x 3KDVH,, 6WDWLRQV72 IURPWKHLQWHUVHFWLRQRI3ROH'LNH5RDGDQG%RXQG
%URRN ,VODQG 5RDG QHDU WKH :HOOIOHHW 7UDQVIHU 6WDWLRQ HDVW DORQJ &ROHV 1HFN 5RDG
QRUWK DORQJ 86 +LJKZD\  DQG ZHVW DORQJ 3DPHW 3RLQW 5RDG EDFN WR %RXQG %URRN
,VODQG5RDG
x 3KDVH ,,, 6WDWLRQV  72   IURP WKH LQWHUVHFWLRQ RI %RXQG %URRN ,VODQG
5RDGDQG2OG&RXQW\5RDGQRUWKHDVWDORQJ3DPHW3RLQW5RDGQRUWKDORQJ86+LJKZD\
DQGZHVWDORQJ3ULQFH9DOOH\5RDGEDFNWR2OG&RXQW\5RDG
7KH'HWRXU3ODQVDQG0327ZKLFKVKRZDOOUHTXLUHGURDGFORVXUHVDQGGHWRXUVDUHFRQWDLQHG
LQ9ROXPH,,6KHHWVWKURXJK
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 3UHOLPLQDU\2SLQLRQRI&RQVWUXFWLRQ&RVW
$ 3UHOLPLQDU\ 2SLQLRQ RI &RQVWUXFWLRQ &RVW KDV EHHQ JHQHUDWHG XVLQJ YHQGRU TXRWHV 56
0HDQV&RVWZRUNVFRQVWUXFWLRQGDWDDQGXQLWSULFHVIURPUHFHQWORFDOFRQVWUXFWLRQ$PDUNXS
IRUSURILWDQGRYHUKHDG  ZDVDGGHGWRYHQGRUTXRWHV,WLVDQWLFLSDWHGWKDWFRPSOHWLRQRI
DOOURDGZD\HOHYDWLRQDQGFXOYHUWUHSODFHPHQWZLOOUHTXLUHDSSUR[LPDWHO\0,WLVQRWHGWKH
FRVW GDWDLQFOXGHG LV EDVHG XSRQ FRQFHSWXDO OHYHO GHVLJQDQDO\VLV RI UHKDELOLWDWLRQ QHHGV $V
WKHGHVLJQSURJUHVVHVDGGLWLRQDOLWHPVDQGFRVWVPD\EHXQFRYHUHG WKLVFRXOGLPSDFWDFWXDO
EXGJHW IRU WKH SURMHFW $ WRWDO SURMHFW FRQWLQJHQF\ RI  ZDV XWLOL]HG WR DFFRXQW IRU
XQFHUWDLQWLHVEDVHGRQWKHOHYHORIGHVLJQ
,WVKRXOGEHQRWHGWKDWWKHXSGDWHGSUHOLPLQDU\RSLQLRQRIFRQVWUXFWLRQFRVWLVVLJQLILFDQWO\ODUJHU
WKDQWKH FRVW HVWLPDWHVSUHVHQWHGLQWKH &/( UHSRUW7KHUHDUH QXPHURXV FRQWULEXWLQJIDFWRUV
WKDWH[SODLQWKHGLIIHUHQFH7KH\DUHDVIROORZV
x 7KH &/( SUHOLPLQDU\ GHVLJQ ZDV RQO\ UDLVLQJ WKH URDG WR HOHYDWLRQ  ZKLOH WKH /RXLV
%HUJHUGHVLJQLQFOXGHVHOHYDWLQJWKHURDGZD\WRHOHYDWLRQWRLQPDQ\SODFHV
x 7KH &/( FRVW HVWLPDWH SUHVHQWV JUDYHO ILOO TXDQWLWLHV ZLWK XQLWV RI FXELF \DUGV ,W LV
XQNQRZQZKHWKHURUQRWWKLVLVORRVHFXELF\DUGVRUFRPSDFWHGFXELF\DUGV'HSHQGLQJ
RQ ZKLFK VZHOO IDFWRUV DQGRU VKULQNDJH IDFWRUV PXVW EH DSSOLHG WR WKH TXDQWLWLHV WR
DFKLHYH WKH DSSURSULDWHTXDQWLW\ 7\SLFDOO\ ILOO TXDQWLWLHV DUH SUHVHQWHG LQ WKLV UHSRUW DV
ORRVHFXELF\DUGV
x 7KH &/( GHVLJQ GLG QRW LQFOXGH FHUWDLQ LWHPV LQFOXGLQJ FXOYHUWV KHDGZDOOV WUDIILF
PDQDJHPHQWSODQGHZDWHULQJDQGULSUDS
x 7KH&/(FRVWHVWLPDWHGRHVQRWLQFOXGLQJLWHPVIRU%RQGLQJDQG,QVXUDQFHDQG*HQHUDO
&RQGLWLRQV GXULQJ FRQVWUXFWLRQ DQG XVHG D  FRQWLQJHQF\ ZKLOH WKH /RXLV %HUJHU
&RVWHVWLPDWHLQFOXGHGWKHVHLWHPVDQGXVHVDFRQWLQJHQF\
3URYLGHGLQ$SSHQGL['LVDVXPPDU\RIFRVWGDWDXVHGWRGHYHORSWKH3UHOLPLQDU\2SLQLRQRI
&RQVWUXFWLRQ&RVW
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0HHWLQJVDQG&RPPXQLFDWLRQV
6HYHUDOPHHWLQJVWRRNSODFHRYHUWKHFRXUVHRIFRPSOHWLQJ7DVNVWKURXJK7KHVHLQFOXGHD
SURMHFWNLFNRIIPHHWLQJWKHILUVWRIWZRSXEOLFPHHWLQJVDQGQXPHURXVSKRQHPHHWLQJVDPRQJ
WKHSURMHFWWHDP

10.1 Project Kick-Off Meeting
$ SURMHFW NLFNRII PHHWLQJ ZDV KHOG RQ 'HFHPEHU   7KH PHHWLQJ ZDV DWWHQGHG E\
UHSUHVHQWDWLYHV RI WKH )ULHQGV RI +HUULQJ 5LYHU )+5  WKH 1DWLRQDO 2FHDQRJUDSKLF DQG
$WPRVSKHULF$GPLQLVWUDWLRQ 12$$ WKH&DSH&RG&RQVHUYDWLRQ'LVWULFWWKH7RZQRI:HOOIOHHW
DQG /RXLV %HUJHU 7KH PHHWLQJ LQYROYHG GLVFXVVLRQV RI WKH SURMHFW LQFOXGLQJ DQ RYHUYLHZ
SURMHFW DGPLQLVWUDWLRQ ILHOG ZRUN VFKHGXOH DQG SXEOLF LQSXW $ VLWH YLVLW WRRN SODFH DIWHU WKH
PHHWLQJ0HHWLQJPLQXWHVDUHFRQWDLQHGLQ$SSHQGL[(

10.2 Public Meetings
$SXEOLFSUHGHVLJQLQIRUPDWLRQPHHWLQJZDVKHOGDWWKH:HOOIOHHW&RXQFLORQ$JLQJRQ)HEUXDU\
7KHSXUSRVHRIWKLVPHHWLQJZDVWRSURYLGHDQLQWURGXFWLRQDQGRYHUYLHZRIWKH+HUULQJ
5LYHU 5HVWRUDWLRQ 3URMHFW $Q RYHUYLHZ RI WKH SURMHFW LQFOXGLQJ WKH SURMHFW SXUSRVH DQG D
GHVFULSWLRQRIURDGVHJPHQWVFXOYHUWVWKH3ROH'LNH*DWHWUDIILFPDQDJHPHQWDQGXSFRPLQJ
ILHOGZRUNZDVSUHVHQWHG$SRUWLRQRIWKHPHHWLQJZDVGHGLFDWHGWRGLVFXVVLRQDQGSXEOLFLQSXW
RQGHVLJQHOHPHQWVRIWKHSURMHFWLQFOXGLQJVDIHW\DQGGUDLQDJHSRLQWVRILQWHUHVWURDGXVDJH
DQGDFFHVVWRSULYDWHSURSHUW\0HHWLQJGRFXPHQWDWLRQDQGPDWHULDOVDUHFRQWDLQHGLQ$SSHQGL[
(
7KHJHQHUDOFRQVHQVXVFRPPXQLFDWHGDWWKHPHHWLQJZDVWRPDLQWDLQWKHUXUDOFKDUDFWHURIWKH
URDGZD\7KHUROOLQJKLOOVDQGWXUQVDUHYLHZHGE\WKHSXEOLFDVYLVXDODHVWKHWLFDVVHWV6HYHUDO
PHHWLQJ SDUWLFLSDQWV UHTXHVWHG WKDW WKH GHVLJQ IDFWRU LQFOXGH VDIH DFFHVV IRU SHGHVWULDQV DQG
F\FOLVWV 7KH SURMHFW WHDP FRPPXQLFDWHG WKDW WKH SDYHG WUDYHOZD\V DQG VKRXOGHUV ZRXOG EH
PDLQWDLQHG 7KH SURMHFW GHVLJQ LV QRW LQFRUSRUDWLQJ LQFUHDVHGHQKDQFHG VKRXOGHUV WR
DFFRPPRGDWHSHGHVWULDQV
$VHFRQGSXEOLFPHHWLQJZDVKHOG-XQHDWWKH:HOOIOHHW&RXQFLORQ$JLQJ$QRYHUYLHZ
RI WKH SURMHFW LQFOXGLQJ WKH SURMHFW SXUSRVH DQG D GHVFULSWLRQ RI URDG VHJPHQWV FXOYHUWV WKH
3ROH'LNH*DWHFRPSOHWHGILHOGZRUNDQGSURSRVHGWUDIILFPDQDJHPHQWSODQZDVSUHVHQWHG,Q
DGGLWLRQ WKH SURMHFW WHDP UHYLHZHG WKRVH FRPPHQWV UHFHLYHG GXULQJ WKH LQLWLDO PHHWLQJ LQ
)HEUXDU\DQGKRZWKRVHFRPPHQWVZHUHLQWHJUDWHGLQWRWKHGHVLJQ
0DQ\ LQDWWHQGDQFH H[SUHVVHGFRQFHUQV RYHU WKHSRWHQWLDO QHHG IRUJXDUGUDLOV RQ WKH SURMHFW
/RXLV %HUJHU H[SODLQHG WKDW 0DVV'27 JXLGHOLQHV ZRXOG UHTXLUH D JXDUGUDLO RQ WKH PDMRULW\ RI
WKHDOLJQPHQW,WZDVTXHVWLRQHGLIWKH0DVV'27VWDQGDUGVZRXOGDSSO\%HFDXVHWKHVWXG\
DUHD LV QRW DV 0DVV'27URDGJXDUGUDLOV VKRXOG QRW EH XVHG ,Q DGGLWLRQWKHUH ZHUH VHYHUDO
JHQHUDOTXHVWLRQVUHJDUGLQJWKHUHVWRUDWLRQSURMHFWWKH)+5ZRXOGDQVZHUE\SRVWLQJDGGLWLRQDO
LQIRUPDWLRQRQWKHLUZHEVLWH0HHWLQJGRFXPHQWDWLRQDQGPDWHULDOVDUHFRQWDLQHGLQ$SSHQGL[(


38

June 2015

)ULHQGVRI+HUULQJ5LYHU

&RPSUHKHQVLYH5HSRUW
/RZO\LQJ5RDGZD\V

:HOOIOHHWDQG7UXUR0DVVDFKXVHWWV



5HIHUHQFHV
$PHULFDQ $VVRFLDWLRQ RI 6WDWH +LJKZD\ DQG 7UDQVSRUWDWLRQ 2IILFLDOV    $ 3ROLF\ RQ
*HRPHWULF'HVLJQRI+LJKZD\VDQG6WUHHWV *UHHQ%RRN WKHG
&RZDUGLQ /0 9 &DUWHU )& *ROHW DQG (7 /D5RH  7KH &ODVVLILFDWLRQ RI :HWODQGV
DQG 'HHSZDWHU +DELWDWV RI WKH 8QLWHG 6WDWHV 86 )LVK DQG :LOGOLIH 6HUYLFH
:DVKLQJWRQ'&):62%6
&/( (QJLQHHULQJ ,QF   $OWHUQDWLYHV $QDO\VLV 7KUHH /RZ /\LQJ 5RDGV +HUULQJ 5LYHU
5HVWRUDWLRQ3URMHFW:HOOIOHHWDQG7UXUR0DVVDFKXVHWWV
(165 &RUSRUDWLRQ   +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW ± /RZO\LQJ 5RDGZD\V 5HYLHZ
DQG'LVFXVVLRQ
)(0$ )ORRG ,QVXUDQFH 5DWH 0DS %DUQVWDEOH &RXQW\ 0DVVDFKXVHWWV 0DS 1XPEHU
&-GDWHG-XO\
)(0$ )ORRG ,QVXUDQFH 5DWH 0DS %DUQVWDEOH &RXQW\ 0DVVDFKXVHWWV 0DS 1XPEHU
&-GDWHG-XO\
(QYLURQPHQWDO /DERUDWRU\  &RUSV RI (QJLQHHUV :HWODQGV 'HOLQHDWLRQ 0DQXDO 7HFKQLFDO
5HSRUW < 86 $UP\ (QJLQHHU :DWHUZD\V ([SHULPHQW 6WDWLRQ 9LFNVEXUJ
0LVVLVVLSSL
)HGHUDO5HJLVWHU-XO\&KDQJHVLQK\GULFVRLOVRIWKH8QLWHG6WDWHV9RO1XPEHU
3DJH6*RYHUQPHQW3ULQWLQJ2IILFH:DVKLQJWRQ'&
-DFNVRQ 6  'HOLQHDWLQJ %RUGHULQJ 9HJHWDWHG :HWODQGV XQGHU WKH 0DVVDFKXVHWWV
:HWODQGV 3URWHFWLRQ $FW $ +DQGERRN 0$ 'HSDUWPHQW RI (QYLURQPHQWDO 3URWHFWLRQ
%RVWRQ0$SS
0DVV'27  +LJKZD\'LYLVLRQ¶V'HVLJQ*XLGH
0DVV(5 -XQH 6WUHDP&URVVLQJV+DQGERRN
0DVV1+  %LR0DS±&RQVHUYLQJWKH%LRGLYHUVLW\RI0DVVDFKXVHWWVLQD&KDQJLQJ:RUOG
±7UXUR
0DVV1+  %LR0DS±&RQVHUYLQJWKH%LRGLYHUVLW\RI0DVVDFKXVHWWVLQD&KDQJLQJ:RUOG
±:HOOIOHHW
136 2FWREHU   +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW 'UDIW (QYLURQPHQWDO ,PSDFW
6WDWHPHQW(QYLURQPHQWDO,PSDFW5HSRUW
15&6  86'$:HE6RLO6XUYH\
5DSDQRVY8QLWHG6WDWHV86  
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6RLO 6XUYH\ 6WDII  1DWXUDO 5HVRXUFHV &RQVHUYDWLRQ 6HUYLFH 86'$ :HE 6RLO 6XUYH\
$YDLODEOHDWKWWSZHEVRLOVXUYH\QUFVXVGDJRY$FFHVVHG0D\
6ZDLQ 3& DQG -% .HDUVOH\  &ODVVLILFDWLRQ RI WKH 1DWXUDO &RPPXQLWLHV RI
0DVVDFKXVHWWV 9HUVLRQ  1DWXUDO +HULWDJH  (QGDQJHUHG 6SHFLHV 3URJUDP
0DVVDFKXVHWWV 'LYLVLRQ RI )LVKHULHV DQG :LOGOLIH :HVWERURXJK 0DVVDFKXVHWWV
$YDLODEOH
DW
KWWSZZZPDVVJRYGIZHOHGIZQKHVSQDWXUDOBFRPPXQLWLHVQDWXUDOBFRPPXQLW\BFODVVLIL
FDWLRQKWP
6:$1&& 6ROLG :DVWH $JHQF\ RI 1RUWKHUQ &RRN &RXQW\  Y $UP\ &RUSV RI (QJLQHHUV 
86  
86):61DWLRQDO:HWODQGV,QYHQWRU\0DSSLQJ
86$&( 86 $UP\ &RUSV RI (QJLQHHUV  D 5HJLRQDO 6XSSOHPHQW WR WKH &RUSV RI
(QJLQHHUV :HWODQG 'HOLQHDWLRQ 0DQXDO 1RUWKFHQWUDO DQG 1RUWKHDVW 5HJLRQ 9HUVLRQ
 3UHSDUHGE\(QYLURQPHQWDO/DERUDWRU\
86$&( E 1RUWKFHQWUDO1RUWKHDVW 5HJLRQ  1DWLRQDO :HWODQG 3ODQW /LVW )LQDO 'UDIW
5DWLQJV&ROG5HJLRQV5HVHDUFKDQG(QJLQHHULQJ/DERUDWRU\ &55(/ 
86'$ 86 'HSDUWPHQW RI $JULFXOWXUH  1DWXUDO 5HVRXUFHV &RQVHUYDWLRQ 6HUYLFH  7KH
3/$176 'DWDEDVH $YDLODEOH DW KWWSSODQWVXVGDJRY  2FWREHU   1DWLRQDO
3ODQW'DWD7HDP*UHHQVERUR1&86$
86'$6RLO&RQVHUYDWLRQ6HUYLFH6RLO'DWD0DSV
:HOOIOHHW&RQVHUYDWLRQ&RPPLVVLRQ:HOOIOHHW(QYLURQPHQWDO3URWHFWLRQ5HJXODWLRQV
:HOOIOHHW7RZQ0HHWLQJ:HOOIOHHW(QYLURQPHQWDO3URWHFWLRQ%\ODZ
:+*  /HWWHU 5HJDUGLQJ +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW ± 6L]LQJ RI /RZO\LQJ 5RDG
&XOYHUWV
:+*+HUULQJ5LYHU+\GURG\QDPLF0RGHOLQJ0RGHO5HSRUW
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$FURQ\PV
%/6)

%RUGHULQJ/DQG6XEMHFWWR)ORRGLQJ

%9:

%RUGHULQJ9HJHWDWHG:HWODQG

&)5

&RGHRI)HGHUDO5HJXODWLRQV

&:$

&OHDQ:DWHU$FW

)(0$

)HGHUDO(PHUJHQF\0DQDJHPHQW$JHQF\

)+5

)ULHQGVRI+HUULQJ5LYHU

/,'$5

/LJKW'HWHFWLRQDQG5DQJLQJ

/8:

/DQG8QGHU:DWHU



0DVV'27 0DVVDFKXVHWWV'HSDUWPHQWRI7UDQVSRUWDWLRQ
0DVV'(3 0DVVDFKXVHWWV'HSDUWPHQWRI(QYLURQPHQWDO3URWHFWLRQ
0DVV*,6 0DVVDFKXVHWWV*HRJUDSKLF,QIRUPDWLRQ6\VWHP
0327

0DLQWHQDQFH3URWHFWLRQRI7UDIILF3ODQV

087&'

)HGHUDO+LJKZD\0DQXDO8QLIRUP7UDIILF&RQWURO'HYLFHV

12$$

1DWLRQDO2FHDQRJUDSKLFDQG$WPRVSKHULF$VVRFLDWLRQ

1$9' 1RUWK$PHULFDQ9HUWLFDO'DWXPRI
1),3

1DWLRQDO)ORRG,QVXUDQFH5DWH3URJUDP

15&6

1DWXUDO5HVRXUFH&RQVHUYDWLRQ6HUYLFH

1:,

1DWLRQDO:HWODQGV,QYHQWRU\

3(0( 3DOXVWULQHHPHUJHQWSHUVLVWHQWVHDVRQDOO\IORRGHGVDWXUDWHG
3)2$ 3DOXVWULQHIRUHVWHGZHWODQGEURDGOHDYHGGHFLGXRXVWHPSRUDULO\IORRGHG
3)2(

3DOXVWULQHIRUHVWHGZHWODQGEURDGOHDYHGGHFLGXRXVVHDVRQDOO\IORRGHGVDWXUDWHG

3)26 3DOXVWULQHIRUHVWHGZHWODQGEURDGOHDYHGGHFLGXRXVWHPSRUDU\WLGDO
SSW

SDUWVSHUWKRXVDQG

366( 3DOXVWULQH VFUXEVKUXE
IORRGHGVDWXUDWHG

ZHWODQG

EURDGOHDYHG

GHFLGXRXV

VHDVRQDOO\

366(G 3DOXVWULQH VFUXEVKUXE ZHWODQG EURDGOHDYHG
IORRGHGVDWXUDWHGSDUWLDOO\GUDLQHGGLWFKHG

GHFLGXRXV

VHDVRQDOO\

3665G 3DOXVWULQH VFUXEVKUXE ZHWODQG EURDGOHDYHG GHFLGXRXV VHDVRQDOWLGDO SDUWLDOO\
GUDLQHGGLWFKHG
3666

3DOXVWULQHVFUXEVKUXEZHWODQGEURDGOHDYHGGHFLGXRXVWHPSRUDU\WLGDO

5&3

5HLQIRUFHG&RQFUHWH3LSH

6:$1&& 6ROLG:DVWH$JHQF\RI1RUWKHUQ&RRN&RXQW\
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71:

7UDGLWLRQDO1DYLJDEOH:DWHUV

5/6

5HJLVWHUHG/DQG6XUYH\RUV

53:

5HODWLYHO\3HUPDQHQW:DWHUV

86$&(

86$UP\&RUSVRI(QJLQHHUV

86'$

86'HSDUWPHQWRI$JULFXOWXUH

86(3$ 86(QYLURQPHQWDO3URWHFWLRQ$JHQF\
86):6 86)LVKDQG:LOGOLIH6HUYLFH
:3$

:HWODQG3URWHFWLRQ$FW

:+*

:RRGV+ROH*URXS
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$SSHQGL[$
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MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: B13
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Maianthemum canadense

Percent Cover
10

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

Shrubs
Clethra alnifolia*
Frangula alnus*

Percent Cover
50
<5
55

Percent Dominance
91
9

Dominant Plant
Yes
No

Wetland Indicator Status
FAC
FAC

Trees
Acer rubrum
Quercus rubra

Percent Cover
35
10
45

Percent Dominance
78
22

Dominant Plant
Yes
Yes

Wetland Indicator Status
FAC
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 2

Number of dominant non-wetland indicator plants: 2

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology
Other Indicators of Hydrology: (check all that apply & describe)

Hydric Soil Interpretation



Site Inundated: _

1. Soil Survey



Depth to free water in observation hole: __ __

___



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Freetown and Swansea mucks, coastal lowland, 0
to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-3”
3-9”
9-18”

Matrix Color
10YR 2/2
10YR 4/3
10YR 4/6

Mottles Color

_______

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X __

_ __

Hydric soil present

__

_X_ _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: B13
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Osmunda cinnamomea*
Maianthemum canadense

Percent Cover
15
15
30

Percent Dominance
50
50

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACW
FACU

Shrubs
Clethra alnifolia*
Rhododendron viscosum*

Percent Cover
30
20
50

Percent Dominance
60
40

Dominant Plant
Yes
Yes

Wetland Indicator Status
FAC
FACW

Trees
Acer rubrum*
Quercus rubra

Percent Cover
40
10
50

Percent Dominance
80
20

Dominant Plant
Yes
Yes

Wetland Indicator Status
FAC
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 4

Number of dominant non-wetland indicator plants: 2

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology
Other Indicators of Hydrology: (check all that apply & describe)

Hydric Soil Interpretation

9

Site Inundated: _Surface water present

1. Soil Survey



Depth to free water in observation hole: __ _____



Depth to soil saturation in observation hole: _ ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _ ____

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Freetown and Swansea mucks, coastal lowland, 0
to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon
Depth
0-3”
3-9”
9-18”

Matrix Color
10YR 2/2
10YR 2/1
2.5Y 5/2

Mottles Color

10YR 4/3 (10% redox)

_______

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: C50
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Vaccinium angustifolium
Gaylussacia baccata

Percent Cover
50
30
80

Percent Dominance
63
37

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FACU

Shrubs
Quercus alba
Frangula alnus*

Percent Cover
<5
<5
10

Percent Dominance
50
50

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FAC

Trees
Quercus rubra

Percent Cover
55

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 4

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _

Hydric Soil Interpretation



Depth to free water in observation hole: __ __

___

1. Soil Survey



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Maybid variant silty clay loam, 0 to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-3”
3-12”
12-18”

Matrix Color
10YR 2/2
10YR 6/2
7.5Y 4/6

Mottles Color

_______

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_ X__

Hydric soil present

_X_

__ _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: C50
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Groundcover
Maianthemum canadense

Percent Cover
5

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

Shrubs
Viburnum dentatum*
Frangula alnus*
Ilex verticillata*
Prunus serotina

Percent Cover
10
10
5
5
30

Percent Dominance
33
33
17
17

Dominant Plant
Yes
Yes
No
No

Wetland Indicator Status
FAC
FAC
FACW
FACU

Trees
Quercus rubra
Betula populifolia*

Percent Cover
20
10
30

Percent Dominance
67
33

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FAC

Vines
Toxicodendron radicans*
Smilax rotundifolia*
Parthenocissus quinquefolia

Percent Cover
5
5
<5
15

Percent Dominance
33
33
33

Dominant Plant
Yes
Yes
Yes

Wetland Indicator Status
FAC
FAC
FACU

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 5

Number of dominant non-wetland indicator plants: 3

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _

Hydric Soil Interpretation



Depth to free water in observation hole: __ _____

1. Soil Survey



Depth to soil saturation in observation hole: _ ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: __ ____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _ ____

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Maybid variant silty clay loam, 0 to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon
Depth
0-6”
6-18”

Matrix Color
10YR 3/2
2.5YR 4/2

Mottles Color
2.5Y 3/3 (20% pore linings)

_______

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__ _

__X__

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: D1
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Vaccinium angustifolium
Carex pensylvanica

Percent Cover
40
5
45

Percent Dominance
33
33

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
NI

Shrubs
Frangula alnus*

Percent Cover
10

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FAC

Trees
Quercus rubra

Percent Cover
40

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 2

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _

Hydric Soil Interpretation



Depth to free water in observation hole: __ __

___

1. Soil Survey



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-2”
2-8”
8-18”

Matrix Color
10YR 3/2
10YR 6/3
10YR 4/5

Mottles Color

_______

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_ X__

Hydric soil present

_ __

__X _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: D1
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Groundcover
Trientalis borealis*
Quercus rubra

Percent Cover
5
<5
10

Percent Dominance
50
50

Dominant Plant
Yes
Yes

Wetland Indicator Status
FAC
FACU

Shrubs
Ilex verticillata*
Vaccinium corymbosum*
Viburnum dentatum*
Prunus serotina
Frangula alnus*

Percent Cover
15
10
10
<5
<5
45

Percent Dominance
33
22
22
11
11

Dominant Plant
Yes
Yes
Yes
No
No

Wetland Indicator Status
FACW
FACW
FAC
FACU
FAC

Trees
Betula populifolia*
Acer rubrum*

Percent Cover
30
15
45

Percent Dominance
67
33

Dominant Plant
Yes
Yes

Wetland Indicator Status
FAC
FAC

Vines
Toxicodendron radicans*

Percent Cover
<5

Percent Dominance
--

Dominant Plant
No

Wetland Indicator Status
FAC

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 6

Number of dominant non-wetland indicator plants: 1

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology

Other Indicators of Hydrology: (check all that apply & describe)


Site Inundated: _ _______



Depth to free water in observation hole: __ _____



Depth to soil saturation in observation hole: _ ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________

9

Other: _ geomorphic position ____

Hydric Soil Interpretation
1. Soil Survey
Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Freetown and Swansea mucks, coastal lowland, 0
to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-3”
3-15”
15-18”+

Matrix Color
10YR 3/2
2.5YR 5/3
5Y 4/2

Mottles Color

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ __

__X__

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: F16
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Vaccinium angustifolium

Percent Cover
5

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

Shrubs
Gaylussacia baccata
Frangula alnus*
Morella pensylvanica*

Percent Cover
20
10
5
35

Percent Dominance
57
29
14

Dominant Plant
Yes
Yes
No

Wetland Indicator Status
FACU
FAC
FAC

Trees
Quercus alba

Percent Cover
35

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 3

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _

Hydric Soil Interpretation



Depth to free water in observation hole: __ __

___

1. Soil Survey



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-3”
3-18”

Matrix Color
10YR 2/2
10YR 4/6

Mottles Color

_______

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_ X__

Hydric soil present

__

_X_ _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: F16
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Gaylussacia baccata

Percent Cover
10

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

Shrubs
Ilex verticillata*
Prunus serotina
Frangula alnus*

Percent Cover
20
5
<5
30

Percent Dominance
67
17
17

Dominant Plant
Yes
No
No

Wetland Indicator Status
FACW
FACU
FAC

Trees
Quercus rubra

Percent Cover
15

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 2

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology

9

Site Inundated: _Surface water present

Hydric Soil Interpretation



Depth to free water in observation hole: __ _____

1. Soil Survey



Depth to soil saturation in observation hole: _ ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _ ____

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon
Depth
0-6”
6-18”+

Matrix Color
10YR 2/2
10YR 4/3

Mottles Color
10YR 3/3 (15% pore linings)

_______

_______________

Remarks: Peat layer present at 6 inches

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

___

_X__

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: G1
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Shrubs
Clethra alnifolia*
Frangula alnus*

Percent Cover
50
5
55

Percent Dominance
91
9

Dominant Plant
Yes
No

Wetland Indicator Status
FAC
FAC

Trees
Quercus rubra

Percent Cover
60

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

Vines
Toxicodendron radicans*

Percent Cover
<5

Percent Dominance
--

Dominant Plant
No

Wetland Indicator Status
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 1

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _

Hydric Soil Interpretation



Depth to free water in observation hole: __ __

___

1. Soil Survey



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 3 to 8 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-2”
2-14”
8-18”

Matrix Color
10YR 2/2
10YR 6/2
10YR 4/5

Mottles Color

_______

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

_ __

Hydric soil present

_X__

__ _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: G1
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Maianthemum canadense
Trientalis borealis*

Percent Cover
5
5
10

Percent Dominance
50
50

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FAC

Shrubs
Viburnum dentatum*
Ilex verticillata*
Amelanchier arborea

Percent Cover
35
30
<5

Percent Dominance
50
43
7

Dominant Plant
Yes
Yes
No

Wetland Indicator Status
FAC
FACW
FACU

Vines
Toxicodendron radicans

Percent Cover
<5

Percent Dominance
--

Dominant Plant
No

Wetland Indicator Status
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 3

Number of dominant non-wetland indicator plants: 1

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _ _______

Hydric Soil Interpretation

9

Depth to free water in observation hole: __10 inches _____

1. Soil Survey



Depth to soil saturation in observation hole: _ ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _ ____

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon
Depth
0-4”
4-12”
12-18”

Matrix Color
10YR 2/2
2.5YR 2/2
2.5YR 5/2

Mottles Color
2.5YR 5/2 (5% Depletions)
10YR 4/2 (10% Pore linings)

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: H95
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Rubus flagellaris
Lonicera sp.
Carex pensylvanica

Percent Cover
5
5
<5
15

Percent Dominance
33
33
33

Dominant Plant
Yes
Yes
Yes

Wetland Indicator Status
FACU
n/a
NI

Shrubs
Prunus serotina
Viburnum dentatum*

Percent Cover
35
25
60

Percent Dominance
58
42

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FAC

Trees
Quercus velutina
Pinus rigida

Percent Cover
25
25
50

Percent Dominance
50
50

Dominant Plant
Yes
Yes

Wetland Indicator Status
NI
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 3

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology

Other Indicators of Hydrology: (check all that apply & describe)


Site Inundated: _



Depth to free water in observation hole: __ __

___



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

_______

Hydric Soil Interpretation
1. Soil Survey
Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 3 to 8 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-4”
4-18”

Matrix Color
10YR 3/2
10YR 3/4

Mottles Color

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_ X__

Hydric soil present

__

_X_ _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: H95
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Osmunda cinnamomea*
Sphagnum sp.*
Onoclea sensibilis*
Typha angustifolia*

Percent Cover
15
10
5
<5
35

Percent Dominance
43
29
14
14

Dominant Plant
Yes
Yes
No
No

Wetland Indicator Status
FACW
OBL
n/a
OBL

Shrubs
Rosa palustris*
Rhus typhina
Viburnum dentatum*
Spiraea tomentosa*
Frangula alnus*

Percent Cover
15
10
10
5
<5
45

Percent Dominance
33
22
22
11
11

Dominant Plant
Yes
Yes
Yes
No
No

Wetland Indicator Status
OBL
NI
FAC
FACW
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 4

Number of dominant non-wetland indicator plants: 0

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology

9

Site Inundated: _Surface water present

9

Depth to free water in observation hole: __4 inches _____

9

Depth to soil saturation in observation hole: _0 inches ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________

9

Other: _Hydrogen sulfide odor present, geomorphic position,
inundation visible on aerial imagery____
_______________

_______

Hydric Soil Interpretation
1. Soil Survey
Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Freetown and Swansea mucks, coastal lowland, 0
to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-18”

Matrix Color
2.5Y 3/2

Mottles Color

Remarks: Peat layer/sulfur odor present

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: I2
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Groundcover
Gaylussacia baccata
Vaccinium angustifolium

Percent Cover
15
5
20

Percent Dominance
75
25

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FACU

Shrubs
Vaccinium corymbosum*
Frangula alnus*
Quercus rubra
Rhododendron viscosum*

Percent Cover
5
<5
<5
<5
20

Percent Dominance
25
25
25
25

Dominant Plant
Yes
Yes
Yes
Yes

Wetland Indicator Status
FACW
FAC
FACU
FACW

Trees
Quercus rubra
Pinus rigida
Quercus alba

Percent Cover
40
5
5
50

Percent Dominance
80
10
10

Dominant Plant
Yes
No
No

Wetland Indicator Status
FACU
FACU
FACU

Vines
Smilax rotundifolia*

Percent Cover
30

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FAC

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 3
Number of dominant non-wetland indicator plants: 4
Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology

Other Indicators of Hydrology: (check all that apply & describe)


Site Inundated: _



Depth to free water in observation hole: _



Depth to soil saturation in observation hole: _



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

_______

Hydric Soil Interpretation
___

1. Soil Survey
Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 3 to 8 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-2”
2-16”
16-18”

Matrix Color
10YR 3/2
2.5Y 5/3
5Y 4/4

Mottles Color

___

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_ X__

Hydric soil present

_ __

__X _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: I2
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Shrubs
Clethra alnifolia*
Rhododendron viscosum*
Betula populifolia*

Percent Cover
50
10
<5
65

Percent Dominance
77
15
8

Dominant Plant
Yes
No
No

Wetland Indicator Status
FAC
FACW
FAC

Trees
Acer rubrum*

Percent Cover
40

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FAC

Vines
Smilax rotundifolia*

Percent Cover
50

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 3

Number of dominant non-wetland indicator plants: 0

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _ _______

Hydric Soil Interpretation

9

Depth to free water in observation hole: __9 inches _____

1. Soil Survey

9

Depth to soil saturation in observation hole: _2 inches ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________

9

Other: _ Geomorphic position in landscape

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 3 to 8 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-18”

Matrix Color
10YR 3/2

Mottles Color

___________

Remarks: Peat layer present

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: J2
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Shrubs
Prunus maritima
Frangula alnus*
Prunus serotina

Percent Cover
5
5
<5
15

Percent Dominance
33
33
33

Dominant Plant
Yes
Yes
Yes

Wetland Indicator Status
NI
FAC
FACU

Trees
Pinus rigida
Quercus rubra
Quercus alba

Percent Cover
30
15
10
55

Percent Dominance
55
27
18

Dominant Plant
Yes
Yes
No

Wetland Indicator Status
FACU
FACU
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 3

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _ _______

Hydric Soil Interpretation



Depth to free water in observation hole: __ _____

1. Soil Survey



Depth to soil saturation in observation hole: _ ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: __ ____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _ ____

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 8 to 15 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-3”
3-18”

Matrix Color
10YR 6/2
10YR 4/4

Mottles Color

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_X__

Hydric soil present

_ __

__X__

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: J2
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Carex stricta

Percent Cover
<5

Percent Dominance
--

Dominant Plant
No

Wetland Indicator Status
OBL

Shrubs
Viburnum dentatum*
Acer rubrum*
Vaccinium corymbosum*

Percent Cover
15
5
<5
25

Percent Dominance
60
20
20

Dominant Plant
Yes
Yes
Yes

Wetland Indicator Status
FAC
FAC
FACW

Trees
Nyssa sylvatica*
Quercus rubra

Percent Cover
20
10
30

Percent Dominance
67
33

Dominant Plant
Yes
Yes

Wetland Indicator Status
FAC
FACU

Vines
Smilax rotundifolia

Percent Cover
<5

Percent Dominance
--

Dominant Plant
No

Wetland Indicator Status
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 4

Number of dominant non-wetland indicator plants: 1

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology

9

Site Inundated: _Surface water present



Depth to free water in observation hole: __ _____



Depth to soil saturation in observation hole: _ ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _ ____

_______

Hydric Soil Interpretation
1. Soil Survey
Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 8 to 15 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon
Depth
0-3”
3-18”

Matrix Color
10YR 2/1
10YR 3/3

Mottles Color
2.5Y 3/3 (20% pore linings)

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: L1
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Gaylussacia baccata
Viburnum dentatum*
Vaccinium angustifolium

Percent Cover
5
<5
<5
<15

Percent Dominance
33
33
33

Dominant Plant
Yes
Yes
Yes

Wetland Indicator Status
FACU
FAC
FACU

Shrubs
Quercus rubra
Frangula alnus*
Viburnum dentatum*

Percent Cover
10
5
5
20

Percent Dominance
50
25
25

Dominant Plant
Yes
Yes
Yes

Wetland Indicator Status
FACU
FAC
FAC

Trees
Quercus rubra
Robinia pseudoacacia
Pinus rigida

Percent Cover
25
<5
<5
35

Percent Dominance
71
14
14

Dominant Plant
Yes
No
No

Wetland Indicator Status
FACU
FACU
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 3

Number of dominant non-wetland indicator plants: 4

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no

If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _

Hydric Soil Interpretation



Depth to free water in observation hole: __ _

1. Soil Survey



Depth to soil saturation in observation hole: _ _



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _____



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-3”
3-18”

Matrix Color
10YR 3/2
10YR 4/6

Mottles Color

_______
____
__

________

____

________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_X__

Hydric soil present

___

__X__

Other indicators of hydrology present

__ _

__X__

__ __

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: L1
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Sphagnum sp.*
Carex stricta*

Percent Cover
10
5
15

Percent Dominance
67
33

Dominant Plant
Yes
Yes

Wetland Indicator Status
n/a
OBL

Shrubs
Lyonia ligustrina*
Vaccinium corymbosum*

Percent Cover
25
10
35

Percent Dominance
71
29

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACW
FACW

Trees
Acer rubrum*

Percent Cover
35

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FAC

Vine
Smilax rotundifolia*

Percent Cover
5

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 6

Number of dominant non-wetland indicator plants: 0

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology

9

Site Inundated: _Standing water present

Hydric Soil Interpretation



Depth to free water in observation hole: __ __

___

1. Soil Survey



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________

9

Other: _ Inundation visible on aerial imagery, microtopography
present____
________

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Freetown and Swansea mucks, coastal lowland, 0
to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-2”
2-18”

Matrix Color
10YR 2/1
2.5Y 5/3

Mottles Color

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ __

__X__

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: N11
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Groundcover
Quercus rubra
Carex pensylvanica

Percent Cover
5
5
10

Percent Dominance
50
50

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
NI

Shrubs
Quercus rubra
Rhododendron viscosum*
Amelanchier arborea
Viburnum dentatum*
Vaccinium corymbosum*

Percent Cover
15
10
5
5
5
40

Percent Dominance
38
25
12.5
12.5
12.5

Dominant Plant
Yes
Yes
No
No
No

Wetland Indicator Status
FACU
FACW
FACU
FAC
FACW

Trees
Quercus rubra
Robinia pseudoacacia

Percent Cover
15
5
20

Percent Dominance
75
25

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FACU

Vines
Smilax rotundifolia*

Percent Cover
<5

Percent Dominance
--

Dominant Plant
No

Wetland Indicator Status
FAC

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1
Number of dominant non-wetland indicator plants: 4
Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology
Other Indicators of Hydrology: (check all that apply & describe)

Hydric Soil Interpretation



Site Inundated: _

1. Soil Survey



Depth to free water in observation hole: __ __

___



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-6”
6-18”

Matrix Color
10YR 3/3
10YR 4/6

Mottles Color

_______

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

__

_X _

Hydric soil present

_ __

__X _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: N11
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Onoclea sensibilis*
Parthenocissus quinquefolia
Viburnum dentatum*

Percent Cover
20
10
<5
<35

Percent Dominance
57
29
14

Dominant Plant
Yes
Yes
No

Wetland Indicator Status
FACW
FACU
FAC

Shrubs
Lyonia ligustrina*
Rhododendron viscosum*
Clethra alnifolia*

Percent Cover
30
20
5
55

Percent Dominance
55
36
9

Dominant Plant
Yes
Yes
No

Wetland Indicator Status
FACW
FACW
FAC

Vines
Smilax rotundifolia*

Percent Cover
20

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 4

Number of dominant non-wetland indicator plants: 1

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology

9

Site Inundated: _Surface water present

Hydric Soil Interpretation



Depth to free water in observation hole: _______

1. Soil Survey

9

Depth to soil saturation in observation hole: _1 inch



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________

9

Other: _ Saturation visible on aerial imagery, limited
microtopography________

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Freetown and Swansea mucks, coastal lowland, 0
to 1 percent slopes
hydric soil inclusions: Yes, hydric rating 100
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-18”

Matrix Color
10YR 2/1

Mottles Color

___

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: O6
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Vaccinium angustifolium
Quercus rubra
Kalmia angustifolia*

Percent Cover
15
5
<5
25

Percent Dominance
60
20
20

Dominant Plant
Yes
Yes
Yes

Wetland Indicator Status
FACU
FACU
FAC

Shrubs
Gaylussacia baccata
Clethra alnifolia*

Percent Cover
15
10
25

Percent Dominance
60
40

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
FAC

Trees
Pinus rigida

Percent Cover
25
25

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 2

Number of dominant non-wetland indicator plants: 4

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology
Other Indicators of Hydrology: (check all that apply & describe)

Hydric Soil Interpretation



Site Inundated: _

1. Soil Survey



Depth to free water in observation hole: __ __

___



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 3 to 8 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-2”
2-12”
12-18”

Matrix Color
10YR 3/1
10YR 4/3
10YR 4/6

Mottles Color

_______

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_ __

_ X__

Hydric soil present

_ __

__X _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Shrubs
Clethra alnifolia *

Observation Plot Number: O6
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Percent Cover
80
80

Percent Dominance
100

Transect Number: Wetland
D. Dominant Plant (yes or no)

Dominant Plant
Yes

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Wetland Indicator Status
FAC

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 1

Number of dominant non-wetland indicator plants: 0

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology

9

Site Inundated: _Surface water present

Hydric Soil Interpretation

9

Depth to free water in observation hole: __6 inches _____

1. Soil Survey

9

Depth to soil saturation in observation hole: _2 inches ___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________

9

Other: _ Geomorphic position in landscape _______________

Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 3 to 8 percent slopes
hydric soil inclusions: No, hydric rating 0
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-4”
4-18”

Matrix Color
10YR 2/2
2.5Y 5/3

Mottles Color

_______

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ __

__X__

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: P2
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Upland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Trientalis borealis*
Convallaria majalis

Percent Cover
10
5
15

Percent Dominance
67
33

Dominant Plant
Yes
Yes

Wetland Indicator Status
FAC
NI

Shrubs
Vaccinium corymbosum*
Viburnum dentatum*

Percent Cover
30
15
45

Percent Dominance
67
33

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACW
FAC

Trees
Prunus serotina

Percent Cover
5
5

Percent Dominance
100

Dominant Plant
Yes

Wetland Indicator Status
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 3

Number of dominant non-wetland indicator plants: 1

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Section II. Indicators of Hydrology

Other Indicators of Hydrology: (check all that apply & describe)

Hydric Soil Interpretation



Site Inundated: _



Depth to free water in observation hole: __ __

___



Depth to soil saturation in observation hole: _

___



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________



Water-stained leaves: _ ___



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________



Other: _

_______

1. Soil Survey
Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-6”
6-18”

Matrix Color
10YR 3/2
10YR 4/4

Mottles Color

_________

_______________

Remarks:

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X_

_ __

Hydric soil present

_ __

__X _

Other indicators of hydrology present

__ _

__X__

__ __

__X__

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.

MassDEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form
Applicant:_Friends of Herring River___ Prepared by:_Louis Berger_ Project location:_ Herring River Low Lying Roads, Wellfleet, MA_ DEP File #:_______________
Check all that apply:
 Vegetation alone presumed adequate to delineate BVW boundary: fill out Section I only
9 Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and II
 Method other than dominance test used (attach additional information)

Section I.
Vegetation
A. Sample Layer & Plant Species
(by common/scientific name)

Observation Plot Number: P2
B. Percent Cover
C. Percent
(or basal Area)
Dominance

Transect Number: Wetland
D. Dominant Plant (yes or no)

Date of Delineation: 5/13/2015
E. Wetland Indicator Category*

Groundcover
Maianthemum canadense
Convallaria majalis

Percent Cover
<5
<5
<10

Percent Dominance
50
50

Dominant Plant
Yes
Yes

Wetland Indicator Status
FACU
NI

Shrubs
Ilex verticillata*
Vaccinium corymbosum*
Clethra alnifolia *
Viburnum dentatum*

Percent Cover
15
15
10
5
45

Percent Dominance
33
33
22
11

Dominant Plant
Yes
Yes
Yes
No

Wetland Indicator Status
FACW
FACW
FAC
FACW

Trees
Prunus serotina

Percent Cover
<5

Percent Dominance
--

Dominant Plant
No

Wetland Indicator Status
FACU

* Use an asterisk to mark wetland indicator plants: plant species listed in the Wetlands Protection Act (MGL c.131, s.40); plants in the genus Sphagnum; plants listed as
FAC, FAC+, FACW-, FACW, FACW+, or OBL; or plants with physiological or morphological adaptations. If any plants are identified as wetland indicator plants due to
physiological or morphological adaptations, describe the adaptation next to the asterisk.

Vegetation conclusion:
Number of dominant wetland indicator plants: 4

Number of dominant non-wetland indicator plants: 1

Is the number of dominant wetland plants equal to or greater than the number of dominant non-wetland plants? yes no
If vegetation alone is presumed adequate to delineate the BVW boundary, submit this form with the Request for Determination of Applicability or Notice of Intent

Other Indicators of Hydrology: (check all that apply & describe)

Section II. Indicators of Hydrology



Site Inundated: _

9

Depth to free water in observation hole: __8 inches _____

9

Depth to soil saturation in observation hole: _1 inch



Water marks: ____________________________________



Drift lines: _______________________________________



Sediment Deposits: ________________________________



Drainage patterns in BVW: __________________________



Oxidized rhizospheres: _____________________________

9

Water-stained leaves: __Present throughout____________



Recorded Data (streams, lake, or tidal gauge; aerial photo; other):
________________________________________________________
________________________________________________________
________________________________________________________

9

Other: _ Saturation visible on aerial imagery____

_______

Hydric Soil Interpretation
___

1. Soil Survey
Is there a published soil survey for this site? yes no
title/date: Barnstable County, MA http://websoilsurvey.nrcs.usda.gov
map number: n/a
soil type mapped: Carver coarse sand, 15 to 35 percent slopes
hydric soil inclusions: Yes, hydric rating 5
Are field observations consistent with soil survey? yes no
Remarks:

2. Soil Description
Horizon

Depth
0-2”
2-16”
16-18”+

Matrix Color
10YR 2/2
2.5Y 5/2
10YR 2/1

Mottles Color

________

Remarks: Decomposed peat layer at 16”

Vegetation and Hydrology Conclusion
3. Other:
Conclusion: Is soil hydric? yes no

Yes

No

_X__

____

Hydric soil present

_ X__

_____

Other indicators of hydrology present

__X_

_____

__X__

_____

Number of wetland indicator plants
> # of non-wetland indicator plants
Wetland hydrology present:

Sample location is in a BVW

Submit this form with the Request for Determination of Applicability or Notice of Intent.
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Memorandum
DATE:

18 February 2015

TO:

Donald Palladino and Martha Rheinhardt, Friends of Herring River
Steve Block, NOAA Restoration Center
Chris Feeney, Louis Berger

FROM:
SUBJECT:

Herring River Restoration Project Low-lying Road Minimum Elevation and Culvert
Sizing

The purpose of this memorandum is to summarize the design criteria used to establish the elevation
of the roadways and sizing of the culverts. A basis of design report will accompany the 25% design
plans to detail the final criteria used.
Provided in Attachment 1 is the existing mapping showing the following roadway segments included
as part of the design study: Old County Road Lombard Hollow (north and south), Old County Road
Paradise Hollow, Bound Brook Island Road at Bound Brook, Bound Brook Island Road at Herring
River, and Pole Dike Road. The initial drawings have been developed using existing survey data.
Water surface elevation data has been obtained from the sensitive receptor and low-lying property
KMZ files provided by project partners. These elevational data provided the following tidal
elevations: mean high water, mean high water spring, annual high water, and the storm of record.
The FEMA FIRM maps for Towns of Wellfleet and Truro indicate the low lying roads are within a
coastal flood area divided into a Zone AE and Zone AE with defined Limits of Moderate Wave
Action (LiMWA). The LiMWA with an elevation of 13 feet (NAVD88) encompasses the majority of
the Bound Brook basin. Pole Dike and County Road have AE elevations of 10 feet.

Culverts
The criteria used to size the culverts were based upon recommendations established by Woods Hole
Group (WHG) (20121). WHG utilized hydrodynamic modelling to determine the optimal sizing of
the culverts at existing locations. The WHG memo stated “the utilization of the storm of record for
evaluation of the upstream crossings ensured that the installed culverts allowed maximum salinity
penetration, would not inhibit upstream sediment propagation during storm events, and provide
adequate tidal exchange under future projected climatic change conditions.” The memo stated a
secondary criterion was to provide adequate headspace under normal tidal conditions. The height of
the culvert was established to have 1-foot of headspace at during normal tidal conditions.

1

Woods Hole Group. 2012. Herring River Hydrodynamic Modeling Model Report. Prepared for the Town of Wellfleet
and the Herring River Restoration Committee.
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The proposed culverts shown in Table 1 are based upon the specific recommendations from WHG,
included in January 23, 2015 letter report and an undated, untitled summary table. Provided in
Attachment 2 are these two data sources. It is important to note that the technical memorandum
from WHG merges the term Storm of Record and 100-year storm of record. For the purpose of this
memorandum, we are differentiating between the terms “Storm of Record” and 100-year storm. The
term 100-year storm can be used interchangeably with a flood event having a 1% probability of being
equaled or exceeded. The term Storm of Record refers to a model simulation of an actual storm
event that represented a significant coastal flooding event in February 1978. The FEMA 1% flood
event or surface is above the elevation projected for the Storm of Record.
Table 1. Proposed Culvert Size and Elevation Based on Recommendations from WHG.

Location
Old County
Rd Lombard
Hollow (N)
Old County
Rd -Lombard
Hollow (S)
Old County
Rd. Paradise
Hollow
Bound
Brook Island
Rd at Bound
Brook
Bound
Brook Island
Rd at
Herring
River
Pole Dike Rd

Existing
Culvert
(inches)

Invert
Elevation

Unknown

Existing
Road
Elevation

Proposed
Culvert

Invert
Elevation

(ft)
NAVD88

(Width (ft)
by Height
(ft)

Unknown

<4

TBD

TBD

Unknown

Unknown

3

TBD

8

Unknown

<4

24

-2.3

60
36

(ft)
NAVD88

(ft)
NAVD88

Crown
Elevation
(ft)
NAVD88

Annual
High
Water (ft)

Storm of
Record

NAVD88

(ft)
NAVD88

TBD

2.85

3.72

TBD

TBD

2.85

3.71

TBD

TBD

TBD

4.13

5.55

2.69

6 by 6

-2.3

3.7

4.11

5.53

-3.5

4.45

6 by 8

-3.5

4.5

4.73

6.44

-1.3

4.67

7 by 8

-1.3

6.7

4.94

6.82

The WHG memo did not include sizing recommendations for the culverts at Paradise Hollow and
Lombard Hollow and did not analyze the impacts associated with these structures. The analysis
provided a direct hydraulic connection to eliminate attenuation, but lacked an analysis to refine the
culvert size. These two areas have a limited role in restoration due to the size of the basins and
distance up into the system. However, the WHG recommended the culverts be increased to the 18inch to 24-inch diameter range.
In the absence of criteria, Louis Berger will utilize MassDOT and Town standards. MassDOT has a
minimum recommended cross culvert dimension of 18-inches. In addition, the recommended
criteria for local, rural roads are to convey flows from 25 year storm event. Therefore, the proposed
culvert openings at Lombard Hollow and Paradise will be based upon these criteria.
166 Valley Street, Building 5 | Providence | RI | 02909 | USA | Tel +1.401.521.5980
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Compliance with MA State Stream Crossing Standards require that all new and, where feasible,
replacement crossings adhere to stream crossing guidelines to provide for fish passage, stream
continuity, and some wildlife passage.. Specifically, the stream crossing standards are based on six
important variables; type of crossing, crossing span, openness, substrate, and water depth and
velocity. Drawing on the expertise of WHG, project partners, and the conservation commission the
following will be considered: potential for downstream flooding, effect on upstream, downstream,
and riparian habitat, potential for erosion, including headcutting and overall effect on stream stability.
The crossing standards for new crossings will be adhered to as much possible.
Roadway Elevation
The criteria established by the project partners were to elevate low lying roads above storm of record
water elevation. The previous report prepared by CLE (20112) recommended elevating the roads
above the storm of record with an approximate 6-inch free board to elevation 6. WHG modeled the
proposed conditions such that the storm of record would not overtop the roads within the study
area. The focus of the hydrodynamic model analysis was to eliminate hydraulic restrictions that
would impede salinity penetration to the upper reaches of the basin and thereby maximize tidal
restoration. Therefore, the criteria will continue to elevate the roads to make them passable during
large coastal storm events (ie, storm of record); however, these road segments will not be designed to
be passable during storm events that exceed the storm of record, specifically the FEMA 1% flood
event or 100-year storm.
Louis Berger assessed the amount of free board to apply in determining minimum road surface
elevations. Freeboard is a factor of safety usually expressed in feet above a flood level for purposes
of floodplain management. "Freeboard" tends to compensate for the many unknown factors that
could contribute to flood heights greater than the height calculated for a selected size flood and
floodway conditions, such as wave action, bridge openings, and the hydrological effect of
urbanization of the watershed.
It is common to establish a minimum free board definition of 1-foot above the base flood elevation.
As noted above, CLE recommended a free board of 6-inches for this specific application. If the
objective is to make the low lying roads fully passable during a large coastal storm event (i.e. storm of
record), Louis Berger recommends utilizing a free board of 1-foot. If the objective is to make the
roads fully accessible during annual high water events and not overtop during the Storm of Record,
then a free board of 6-inches would be adequate.
Horizontal and vertical alignment of the elevated road segments will follow published standards by
MassDOT, American Association of State Highway and Transportation Officials (AASHTO) Green
Book, and Federal Highway. It is noted that only limited roadway segments are being elevated and
these elevated roadway segments will need to transition back into existing geometric alignments. The
layout will essentially consist of the same horizontal alignment of the existing roadway with minor
2

CLE. 2011. Alternative Analysis, Three Low-lying Roads, Herring River Restoration Project, Wellfleet and Truro,
Massachusetts.
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adjustments in vertical alignment to accommodate the increased elevation and culvert crossings.
The CLE Report recommended the following pavement cross-section: (2) 12-foot travel lanes and (2)
5-foot shoulders for total width of 34 feet. Initial direction recommended by Wellfleet DPW is to
match existing lanes and shoulders. It is also noted that discussions at the public meeting were to
increase shoulders for pedestrians and cyclists and various other recreational activities while
maintaining the rural character of the road segments. The final design criteria will be determined
following survey data confirming existing paved width and follow-up discussions on non-vehicular
usage.
For side slope treatments, the design objective is to blend the side slopes into existing grades
avoiding abrupt, steep transitions. Furthermore, the objective is to also avoid slopes within the
recovery zone to avoid or minimize the need for guard rails per MassDOT standards. Following
survey data confirming existing paved width, grading will be minimize to limit fill outside the rightof-way and minimize impacts to state and federal jurisdictional resource areas.

Pole Dike Control Gate
The culvert at Pole Dike is proposed to be controlled by a gate to control tidal elevations in the
Upper Pole Dike basin. A table from WHG provided recommended sizing criteria for this culvert
structure (see Table 1). However, no data was provided on the required elevation to control the
upper basin. The proposed gate structure is a combination flap gate/slide gate. It is envisioned that
either additional criteria will be provided or an adaptive management operation would proceed
following installation. The gate will have the ability to reduce the height to any established set point.
The flap gate component will provide effective upstream drainage of flows during an ebb tidal cycle.

166 Valley Street, Building 5 | Providence | RI | 02909 | USA | Tel +1.401.521.5980
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DSXEOLFVDIHO\DVSHFWWRDOORZIRUDGHTXDWHKHDGVSDFHXQGHUQRUPDOWLGDOFRQGLWLRQV





)LJXUH
&XOYHUWVDQGSRWHQWLDOIORZFRQVWULFWLRQVLQWKHYLFLQLW\RI2OG&RXQW\
5RDGDQG%RXQG%URRN,VODQG5RDG

,QWKHDGDSWLYHPDQDJHPHQWVLPXODWLRQV :+* ZKLFKLQFOXGHGYDU\LQJWKHRSHQLQJVDW
&15WKHFXOYHUWUHVWULFWLRQVZHUHUHPRYHGDWDOOORFDWLRQVDWWKHUHTXHVWRIWKH+55& QRWLGDO
DWWHQXDWLRQ 7KHVHDQDO\VHVSUHVHQWKHUHLQUHLQVWDWHWKHFXOYHUWVLQWKHPRGHOZLWKLQFUHDVHG
URDG HOHYDWLRQV QR RYHUWRSSLQJ  DQG DVVHVV WKH DSSURSULDWH FXOYHUWRSHQ FKDQQHO VL]LQJ WKDW
HOLPLQDWHV WKH UHVWULFWLRQV LI DQ\   6SHFLILFDOO\ :RRGV +ROH *URXS LQYHVWLJDWHG WKH
SHUIRUPDQFHRIWKHFXOYHUWV DW %RXQG %URRN ,VODQG5RDG2OG&RXQW\5RDGWKHFXOYHUWDW WKH
UDLOURDGFURVVLQJLQWKHQRUWKZHVWFRUQHURIWKHORFXVPDSDVZHOODVWKHUHOLFUDLOURDGFURVVLQJ
MXVW XSVWUHDP RI %RXQG %URRN ,VODQG 5RDG  'XH WR WKH VPDOO VL]H RI WKH FXOYHUW DW 3DUDGLVH
+ROORZ  IW  DQG WKH UHODWLYHO\ VPDOO XSVWUHDP DUHD WKLV FXOYHUW ZDV QRW LQFOXGHG LQ WKH
LQYHVWLJDWLRQ

,QDGGLWLRQWRH[DPLQLQJWKHOHYHORIWLGDOH[FKDQJHDWWKHVHORFDWLRQV:RRGV+ROH*URXSDOVR
H[DPLQHGWKHVSULQJWLGDO UDQJHDW HDFKFXOYHUW LQUHVSHFW WR WKHLQYHUWREYHUWHOHYDWLRQVRIWKH
FXOYHUWVIRUHYDOXDWLRQRISXEOLFVDIHW\ HJDGHTXDWHKHDGVSDFH ,QDOOUHFRPPHQGHGFXOYHUW
VL]LQJDPLQLPXPRIDSSUR[LPDWHO\RQHIRRWDWERWKWKHXSVWUHDPDQGGRZQVWUHDPRSHQLQJVRI
WKHFXOYHUWVZDVLQFOXGHG







([LVWLQJ&RQGLWLRQV

&XUUHQW FXOYHUW GHWDLOV DUH VKRZQ LQ 7DEOH  IRU WKH WKUHH FXOYHUWV HYDOXDWHG LQ WKLV UHJLRQ
)LJXUH  VKRZV WKH ORFDWLRQ RI WKH FXOYHUWV ZLWKLQ WKH K\GURG\QDPLF PRGHOLQJ PHVK  ,Q
DGGLWLRQ WKH KLVWRULF UDLOURDG HPEDQNPHQW WKDW UHVLGHV LQ WKH PDUVK V\VWHP DQG FUHDWHV D
UHVWULFWLRQLQWKHV\VWHPLVDOVRVKRZQ )LJXUH :KLOHWKHFXOYHUWVDUHFRQVWUXFWHGRIGLIIHUHQW
PDWHULDOV DQGWKHUHIRUH FRQVLVW RIGLIIHUHQW IULFWLRQDO HIIHFWV DOO H[LVWLQJ FXOYHUWV DUH FXUUHQWO\
FLUFXODU  7KHVH H[LVWLQJ FURVVLQJV LQFOXGLQJ FXUUHQW FXOYHUWV DQG URDG HOHYDWLRQV  ZHUH
HYDOXDWHGXVLQJWKHUHVXOWVRIWKHVWRUPRIUHFRUGIURPSUHYLRXVPRGHOVLPXODWLRQV :+* 
WRHYDOXDWHSRWHQWLDODWWHQXDWLRQRIWKHWLGDOVLJQDOXQGHUDVLJQLILFDQWYROXPHWULFWLGDOH[FKDQJH
7KH &03 FURVVLQJ RI WKH KLVWRULF UDLOURDG HPEDQNPHQW  IRRW FXOYHUW  LV FXUUHQWO\ WKH RQO\
FXOYHUWWKDWLVDFWLYHO\H[FKDQJLQJZDWHUDWWKLVORFDWLRQ+RZHYHUWKHUHLVVRPHHYLGHQFHWKDW
WKHUHPD\EHDVHFRQGFXOYHUWDSSUR[LPDWHO\IHHWWRWKHQRUWKWKDWFRXOGSRWHQWLDOO\HQKDQFH
H[FKDQJHEHQHDWKWKHUDLOURDGHPEDQNPHQWDWWKLVORFDWLRQ7KLVVHFRQGDU\FXOYHUWFXUUHQWO\LV
FRQQHFWHG YLD D VPDOO FKDQQHO UXQQLQJ SDUDOOHO WR WKH UDLOURDG HPEDQNPHQW DQG LV QRW DFWLYHO\
H[FKDQJLQJZDWHULVILOOHGZLWKGHEULVDQGPD\QRWKDYHDGHILQHGFRQQHFWLRQWRWKHRWKHUVLGH
RI WKH UDLOURDG HPEDQNPHQW  7KLV VHFRQGDU\ FXOYHUW ZDV QRW LQFOXGHG LQ WKH PRGHO VLQFH LW LV
FXUUHQWO\LQDFWLYHDQGLWLVXQFOHDULILWFRXOGEHIXQFWLRQDOLQWKHIXWXUH

7DEOH
/RFDWLRQ

([LVWLQJFXOYHUWSDUDPHWHUVDQGGHWDLOV
0DWHULDO

6KDSH

'LDPHWHU 8SVWUHDP,QYHUW
IW 
IW1$9' 

'RZQVWUHDP ([LVWLQJ5RDGZD\
,QYHUW
(OHYDWLRQ
IW1$9' 
IW1$9' 



%RXQG%URRN,VODQG &RQFUHWH &LUFXODU





2OG&RXQW\5G

&HUDPLF

&LUFXODU









5DLOURDGJUDGH

&03

&LUFXODU







1$


)LJXUHVKRZVWKHWLPHVHULHVRIZDWHUVXUIDFHHOHYDWLRQDWWKHIRXUORFDWLRQV DVLGHQWLILHGLQ
)LJXUH IRUDSRUWLRQRIWLPHGXULQJWKHVWRUPRUUHFRUG VLPXODWLRQ7KHVXESDQHOVVKRZWKH
ZDWHUVXUIDFHHOHYDWLRQRQERWKXSVWUHDP JUHHQOLQH DQGGRZQVWUHDPVLGH WULDQJOHPDUNHUV RI
HDFK SRWHQWLDO UHVWULFWLRQ  ,Q DGGLWLRQ WKH UHG OLQH VKRZV WKH GLIIHUHQFH LQ WKH ZDWHU VXUIDFH
HOHYDWLRQ EHWZHHQ WKH XSVWUHDP DQG GRZQVWUHDP VLGHV RI WKH FXOYHUW RU HPEDQNPHQW VKRZLQJ
WKHUHODWLYHPDJQLWXGHRIWKHUHVWULFWLRQ0LQLPDODWWHQXDWLRQRIWKHVWRUPVLJQDOZDVREVHUYHG
DWERWK%RXQG%URRN,VODQG5RDG SDQHOD DQG2OG&RXQW\5RDG SDQHOF WKURXJKWKHH[LVWLQJ
FXOYHUWV  +RZHYHU RYHUWRSSLQJ DOVR RFFXUV DW WKHVH FURVVLQJV GXH WR WKHLU UHODWLYHO\ ORZ
HOHYDWLRQV IW1$9'DQGIW1$9'UHVSHFWLYHO\ $VVXFKLWLVIHDVLEOHWKDWODFNRI
DWWHQXDWLRQGXULQJWKHSHDNRIWKHVXUJHLVFDXVHGE\HQRXJKZDWHUIORZLQJRYHUWKHWRSRIWKH
URDGZD\XQGHUH[LVWLQJFRQGLWLRQV

7KHUHLVPRUHSURQRXQFHGVXUJHDWWHQXDWLRQWKURXJKWKHH[LVWLQJFXWDWWKHUDLOURDGHPEDQNPHQW
SDQHOE ZKLFKFOHDUO\UHVWULFWVIORZ7KHQRUWKHUQUDLOURDGFURVVLQJDW%RXQG%URRNZKLFKLV
DIRRWGLDPHWHUFRUUXJDWHGPHWDOSLSH &03 DOVRVKRZVFRQVLGHUDEOHDWWHQXDWLRQLQWKHVLJQDO
SDQHO G  DV WKH FXOYHUW LV FRQVLVWHQWO\ IORZLQJ IXOO DQG DOZD\V WUDQVSRUWLQJ ZDWHU XSVWUHDP
WKURXJK WKH UHVWULFWLYH FXOYHUW  7KLV UHVWULFWLRQ RFFXUV XQWLO WKH UDLOURDG HPEDQNPHQW LV
RYHUWRSSHG MXVWSDVWGD\ 






,QWKHVHH[LVWLQJFRQGLWLRQFDVHVZKLOHWKHPRGHOGRHVQ¶WVKRZVLJQLILFDQWDWWHQXDWLRQDWWKHVH
FURVVLQJVWKHUHLVDOVRZDWHUEHLQJWUDQVSRUWHGRYHUWKHORZO\LQJURDGZD\V$VVXFKZKHQWKH
URDGVDUHUDLVHGWKHFXOYHUWVZLOODWWHQXDWHWKHIORZZKLFKZLOOEHUHVWULFWHGMXVWWRWKHFXOYHUWV



([LVWLQJFXOYHUWDW55HPEDQNPHQW

([LVWLQJFXOYHUWDW2OG&RXQW\5G

([LVWLQJFXOYHUWDW%RXQG%URRN,VODQG

5HOLF55HPEDQNPHQW


)LJXUH

/RFDWLRQVRIUHVWULFWLRQVZLWKLQWKH+HUULQJ5LYHUPRGHOPHVK


3URSRVHG&RQGLWLRQV

3URSRVHG FRQGLWLRQV ZHUH HYDOXDWHG E\ UDLVLQJ WKH URDGZD\V WR HOLPLQDWH RYHUWRSSLQJ LQ WKH
PRGHO DQG WKHQ VLPXODWLQJ D ZLGH UDQJH RI ER[ DQG FLUFXODU FXOYHUWV DW WKH YDULRXV FURVVLQJ
ORFDWLRQV7KHFXOYHUWRSWLPL]DWLRQSURFHVVDOVRLQYROYHGHQVXULQJDGHTXDWHKHDGVSDFHGXULQJ
VSULQJIORRGWLGHVFRQGLWLRQVWRLQFUHDVHSXEOLFVDIHW\$PLQLPXPRIDSSUR[LPDWHO\IRRWRI
FOHDUDQFHGXULQJVSULQJKLJKWLGHVZDVVSHFLILHGDWHDFKFXOYHUWORFDWLRQ
7DEOH  OLVWV WKH UHFRPPHQGHG PLQLPXP FXOYHUW VL]LQJ DW WKH %RXQG %URRN ,VODQG 5RDG 2OG
&RXQW\ 5RDG DQG WKH QRUWKHUQ UDLOURDG HPEDQNPHQW FXOYHUWV DIWHU HYDOXDWLQJ D IXOO UDQJH RI
VL]LQJ VLPXODWLRQV  ,Q DGGLWLRQ WKH KLVWRULF UDLOURDG HPEDQNPHQW ZDV DVVHVVHG ZLWK D ZLGHU




RSHQLQJ LQ WKH HPEDQNPHQW WR DOORZ IXOO WLGDO H[FKDQJH XS WR WKH KLVWRULF VWRUP RI UHFRUG
:RRGV +ROH *URXS DVVXPHG WKDW WKH FXOYHUWV ZRXOG EH UHSODFHG XVLQJ WKH H[LVWLQJ LQYHUW
HOHYDWLRQVOLVWHGLQ7DEOHDQGDVVXPHGWKHURDGVFRXOGEHUDLVHGWRDQHOHYDWLRQWKDWLQFRUSRUDWHV
WKHUHFRPPHQGHGKHDGVSDFHUHFRPPHQGDWLRQV
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F

G


)LJXUH
7LPH VHULHV RI ZDWHU VXUIDFH HOHYDWLRQV WKURXJK GXULQJ D KLVWRULF VWRUP RI
UHFRUG IRU H[LVWLQJ FXOYHUW FRQGLWLRQV  D  %RXQG %URRN ,VODQG 5RDG FXOYHUW E  H[LVWLQJ
UDLOURDG HPEDQNPHQW FXW F  2OG &RXQW\ 5RDG FXOYHUW DQG G  QRUWKHUQ UDLOURDG
HPEDQNPHQWFXOYHUW

7DEOH

3URSRVHGFXOYHUWVSHFLILFDWLRQV

/RFDWLRQ

0DWHULDO

6KDSH

%RXQG%URRN,VODQG5G

&RQFUHWH

%R[

[

8SVWUHDP2EYHUW
IW1$9' 


2OG&RXQW\5G

&RQFUHWH

%R[

[





1RUWKHUQ5DLOURDG&URVVLQJ &RQFUHWH

%R[

[





5HOLF5DLOURDG

'RZQVWUHDP2EYHUW
IW1$9' 


5HVWRUHRSHQFKDQQHOPDUVKSODLQPLQLPXPRIIHHW






6L]H IW 

)LJXUHVKRZVWLPHVHULHVRIZDWHUVXUIDFHHOHYDWLRQVERWKGRZQVWUHDP WULDQJOHPDUNHUV DQG
XSVWUHDP JUHHQ OLQH  DW HDFK RI WKH FURVVLQJV IRU WKH SURSRVHG FRQGLWLRQV OLVWHG LQ 7DEOH  
$OWKRXJKWKHUHZDVOLWWOHDSSDUHQWWLGDODWWHQXDWLRQDWERWK%RXQG%URRN,VODQG5RDGDQGDW2OG
&RXQW\5RDG )LJXUH UDLVLQJWKHURDGHOHYDWLRQGRHVFUHDWHDQDWWHQXDWHGVLJQDOIRUWKHVWRUP
FDVHDQGWKHUHLVDOVRLQDGHTXDWHKHDGVSDFHXQGHUH[LVWLQJQRUPDOWLGDOFRQGLWLRQV7KHLQFUHDVH
LQZLGWKDWWKHH[LVWLQJUDLOURDGHPEDQNPHQW IURPDSSUR[LPDWHO\IHHWWRIHHWDQLQFUHDVH
RI  IHHW  HIIHFWLYHO\ HOLPLQDWHG DQ\ UHGXFWLRQ LQ WKH ZDWHU VXUIDFH HOHYDWLRQ DW WKH KLVWRULF
UDLOURDGHPEDQNPHQW SDQHOE 7KHSURSRVHG¶[¶ER[FXOYHUWDWWKHQRUWKHUQUDLOURDGFURVVLQJ
UHGXFHVWKHDWWHQXDWLRQVLJQLILFDQWO\KRZHYHUGXULQJWKHSHDNRIWKHVWRUPVXUJHWKHUHLVDVOLJKW
DWWHQXDWLRQFDXVHGE\WKHUHODWLYHO\VKDUSDSSURDFKDQJOHRIWKHFKDQQHOZLWKWKHRULHQWDWLRQRI
WKHFXOYHUW5HRULHQWDWLRQRIWKHER[FXOYHUWGXULQJFRQVWUXFWLRQWRDOLJQPRUHGLUHFWO\ZLWKWKH
FKDQQHOFRXOGEHFRQVLGHUHGDWWKLVORFDWLRQ

D

E

F

G


)LJXUH
7LPH VHULHV RI ZDWHU VXUIDFH HOHYDWLRQV WKURXJK GXULQJ D KLVWRULF VWRUP RI
UHFRUGIRUSURSRVHGFXOYHUW FRQGLWLRQV D %RXQG%URRN,VODQG 5RDG FXOYHUWE H[LVWLQJ
UDLOURDG HPEDQNPHQW FXW F  2OG &RXQW\ 5RDG FXOYHUW DQG G  QRUWKHUQ UDLOURDG
HPEDQNPHQWFXOYHUW








6XPPDU\

7DEOHSURYLGHVDFRPSUHKHQVLYHVXPPDU\RIWKHFXOYHUWUHSODFHPHQWUHFRPPHQGDWLRQVLQWKH
%RXQG%URRN,VODQG5RDGFRPSOH[7KLVLQFOXGHVERWKDVXPPDU\RIWKHH[LVWLQJLQIUDVWUXFWXUH
DQG WKH SURSRVHG PRGLILFDWLRQV  ,Q DGGLWLRQ VRPH QRWHV ZHUH LQFOXGHG WKDW VXPPDUL]H WKH
K\GURG\QDPLFUHVXOWVDQGWKRXJKWSURFHVVRQWKHUHFRPPHQGDWLRQV8QGHUFXUUHQWFRQGLWLRQV
WKHFXOYHUWVDW%RXQG%URRN,VODQG5RDGDQG2OG&RXQW\5RDGDOORZVXIILFLHQWWLGDOH[FKDQJH
GXULQJ QRUPDO DQG VWRUP FRQGLWLRQV EXW GR QRW SURYLGH DGHTXDWH FOHDUDQFH IURP D VDIHW\
SHUVSHFWLYH7KHH[LVWLQJ&03FXOYHUWDWWKHUDLOURDGHPEDQNPHQWUHVWULFWVWLGDOH[FKDQJHDQG
KDVPLQLPDOKHDGVSDFHGXULQJVSULQJWLGHV,QDGGLWLRQWRFKDQJLQJFXOYHUWGLPHQVLRQV:RRGV
+ROH *URXS DOVR UHFRPPHQGV LQFUHDVLQJ WKH ZLGWK DW WKH H[LVWLQJ UDLOURDG HPEDQNPHQW IURP
DSSUR[LPDWHO\IHHWWRDPLQLPXPRIIHHWDOWKRXJKFRPSOHWHUHPRYDORIWKHHPEDQNPHQW
ZRXOGPD[LPL]HPDUVKUHVWRUDWLRQ0DWHULDO UHPRYHGIURP WKHUDLOURDGHPEDQNPHQW FDQWKHQ
EH EHQHILFLDOO\ UHXVHG LQ ORZO\LQJ VHFWLRQV WKH PDUVK SODLQ  $W WKH UDLOURDG JUDGH FXOYHUW
DGGLWLRQDO UHGXFWLRQ LQ :6( DWWHQXDWLRQ PD\ EH DFKLHYHG E\ UHDOLJQPHQW RI WKH FXOYHUW ZLWK
UHVSHFWWRWKHVWUHDPEHGDQGDGGLWLRQDOKHDGVSDFHPD\EHREWDLQHGE\LQFUHDVLQJWKHFXOYHUW
LQYHUWE\IRRWZKLFKZLOOKDYHQHJOLJLEOHLPSDFWXSRQIORZG\QDPLFV

7KHFKDQJHVUHFRPPHQGHGLQ7DEOHDUHEDVHGRQVLPXODWLRQVXVLQJWKHVWRUPRIUHFRUGHYHQW
$VVXFKWKHUHVXOWVSUHVHQWHGKHUHLQGLIIHUIURPUHVXOWVSUHVHQWHGSUHYLRXVO\DWWKHVHXSVWUHDP
DUHD :+*   ZKHQ DWWHQXDWLRQ DW WKHVH ORFDWLRQV ZDV HYDOXDWHG RQO\ IRU QRUPDO WLGDO
FRQGLWLRQV'XULQJQRUPDOWLGDOFRQGLWLRQVWKHH[LVWLQJVWUXFWXUHVDQGIHDWXUHVUHVXOWLQPLQRU
DWWHQXDWLRQRIWKHWLGH :+* ,QWKLVDQDO\VLV:+*HYDOXDWHGWKHXSVWUHDPFURVVLQJVLQ
WKH %RXQG %URRN DUHD IRFXVHG VROHO\ RQ SRWHQWLDO LPSDFWV GXULQJ WKH VWRUP RI UHFRUG  7KH
SXUSRVH RI WKLV DSSURDFK ZDV WR HQVXUH WKDW WKH UHFRPPHQGHG FXOYHUWV DQG RSHQLQJV DOORZHG
PD[LPXP VDOLQLW\ SHQHWUDWLRQ ZRXOG QRW LQKLELW XSVWUHDP VHGLPHQW SURSDJDWLRQ GXULQJ VWRUP
HYHQWVDQGSURYLGHGDGHTXDWHWLGDOH[FKDQJHXQGHUIXWXUHSURMHFWHGFOLPDWHFKDQJHFRQGLWLRQV
:KHWKHURUQRWWKHFXOYHUWVWKHPVHOYHVOHJLWLPDWHO\QHHGWREHDEOHWRWUDQVIHUVWRUPVXUJHZLWK
QRDWWHQXDWLRQXSWRWKHVWRUPRIUHFRUGLVQRWFRQVLGHUHGKHUHLQE\:RRGV+ROH*URXSDQGWKH
+HUULQJ 5LYHU 5HVWRUDWLRQ &RPPLWWHH VKRXOG FRQVLGHU WKH PHULWV DVVRFLDWHG ZLWK WKH SURSRVHG
FXOYHUWVL]HV

,QDGGLWLRQGLVFXVVLRQRIWKHSRWHQWLDOWLPLQJRIWKHUHSODFHPHQWRIWKHFXOYHUWVDQGRSHQLQJVLV
DOVRZDUUDQWHG)RUH[DPSOHLWPD\WDNHDIHZGHFDGHVEHIRUHWKH&15RSHQLQJLVIXOO\RSHQHG
WKXVSURYLGLQJDGHTXDWHDGDSWLYHPDQDJHPHQWWLPHSULRUWRIXOOWLGDOH[FKDQJHVEHLQJUHDOL]HG
6LQFHWKHURDGVDUHEHLQJHOHYDWHGWRUHGXFHRYHUWRSSLQJULVNRQFHWKH&KHTXHVVHWW1HFN5RDG
HQWUDQFHLVRSHQHGLWPDNHVVHQVHWRFRQVLGHUFRQFXUUHQWO\UHSODFLQJWKHFXOYHUWVWRDOORZPRUH
WKDQDGHTXDWHWLGDOH[FKDQJHFDSDELOLW\DQGSXEOLFVDIHW\FRQVLGHUDWLRQV,QWKHSURFHVVJHWWLQJ
ULGRISRWHQWLDOVDIHW\LVVXHV IXOO\IORZLQJFXOYHUWV ZKLOHWKHURDGVZHUHEHLQJHOHYDWHGLVOLNHO\
ZDUUDQWHG  +RZHYHU UHPRYDO RI WKH UDLOURDG HPEDQNPHQWV RU FXOYHUW UHSODFHPHQWV DW WKH
UDLOURDGHPEDQNPHQWPD\EHVRPHWKLQJWKDWFDQSURFHHGDWDODWHUGDWHVLQFHWKHVHUHVWULFWLRQV
PD\QRWEHFRPHDFWLYHXQWLOODWHULQWKHUHVWRUDWLRQSURFHVV

:RRGV+ROH*URXSDOVRHYDOXDWHGVDOLQLW\SHQHWUDWLRQDVDFRPSRQHQWRIWKLVDQDO\VLV6LQFHWKH
FXOYHUWVDQGRSHQLQJVZHUHVL]HGWRDOORZIXOOWLGDOH[FKDQJHHYHQXQGHUDVWRUPRIUHFRUGWKLV
DOVRPD[LPL]HVVDOLQLW\SHQHWUDWLRQXQGHUDOOQRUPDOWLGDOFRQGLWLRQV







5HFRPPHQGDWLRQV

$VVXPLQJ LW LV ZDUUDQWHG WR LQFUHDVH WKH FXOYHUWV DQG RSHQLQJV WR DOORZ IRU XQLPSHGHG WLGDO
H[FKDQJHXSWRD VWRUP RIUHFRUGVXUJHOHYHO WKHIROORZLQJUHFRPPHQGDWLRQVDUHSURYLGHGLQ
FRQFHUW ZLWK 7DEOH  8OWLPDWHO\ WKLV GRFXPHQW ZDV SURYLGHG IRU LQIRUPDWLRQDO SXUSRVHV DQG
JXLGDQFHRQO\7KH+HUULQJ5LYHU5HVWRUDWLRQ&RPPLWWHGFDQGHFLGHLIDQGZKHQWKHDVVRFLDWHG
UHFRPPHQGHGFKDQJHVDUHZDUUDQWHGDWWKHYDULRXVVLWHV

x +HUULQJ5LYHUDW%RXQG%URRN,VODQG5RDG±5HFRPPHQGUHSODFLQJWKHH[LVWLQJFXOYHUW
ZLWKD¶[¶ER[FXOYHUW6LQFHWKHURDGLVVFKHGXOHGWREHHOHYDWHGWKHUHLVQRUHDVRQ
QRW WR LQFUHDVH WKH FXOYHUW GXULQJ WKLV FRQVWUXFWLRQ SURFHVV  7KH UHFRPPHQGHG FXOYHUW
ZLOO SURYLGH DGHTXDWH KHDG VSDFH SXEOLF VDIHW\  DQG ZLOO DOORZ IRU PD[LPXP WLGDO
VHGLPHQW DQG VDOLQLW\ H[FKDQJH ZLWK URRP WR DFFRPPRGDWH IXWXUH VHD OHYHO ULVH
SURMHFWLRQV

x %RXQG%URRNDW2OG&RXQW\5RDG5HFRPPHQGUHSODFLQJWKHH[LVWLQJFXOYHUWZLWKD¶
[ ¶ ER[ FXOYHUW  6LQFH WKH URDG LV VFKHGXOHG WR EH HOHYDWHG WKHUH LV QR UHDVRQ QRW WR
LQFUHDVH WKH FXOYHUW GXULQJ WKLV FRQVWUXFWLRQ SURFHVV  7KH UHFRPPHQGHG FXOYHUW ZLOO
SURYLGHDGHTXDWHKHDGVSDFH SXEOLFVDIHW\ DQGZLOODOORZIRUPD[LPXPWLGDOVHGLPHQW
DQGVDOLQLW\H[FKDQJHZLWKURRPWRDFFRPPRGDWHIXWXUHVHDOHYHOULVHSURMHFWLRQV

x +HUULQJ 5LYHU UHPQDQW UDLOURDG FURVVLQJ ± 'XULQJ QRUPDO WLGDO FRQGLWLRQV WKLV IHDWXUH
GRHVQRWVLJQLILFDQWO\LQKLELWWLGDOIORZV'XULQJVWRUPHYHQWVWKLVIHDWXUHGRHVEHJLQWR
KDYH PRUH LQIOXHQFH RQ WLGDO H[FKDQJH DV DWWHQXDWLRQ UHDFKHV D PD[LPXP YDOXH RI
DSSUR[LPDWHO\IRRW )LJXUHE 6RZKLOHWKHUHLVUHODWLYHO\PLQLPDODWWHQXDWLRQRIWKH
WLGH DW WKLV ORFDWLRQ WKLV IHDWXUH DOVR ZLOO OLNHO\ LPSHGH GUDLQDJH GXULQJ D VWRUP VXUJH
7R FRPSOHWHO\ HOLPLQDWH WLGDO H[FKDQJH DQG GUDLQDJH UHVWULFWLRQV D  IRRW RSHQLQJ LV
UHGXFWLRQ LQ WKH HPEDQNPHQW ZRXOG EH UHTXLUHG WKLV GRHV QRW PHDQ D  IRRW ZLGH
FKDQQHOLVUHTXLUHGUDWKHUWKDWWKHHOHYDWLRQRIWKHHPEDQNPHQWLVUHGXFHGWRPDWFKWKH
HOHYDWLRQ RI WKH PDUVK SODLQ   0LWLJDWLRQ RI WKLV ORFDWLRQ LV D ORZHU SULRULW\ WKDQ WKH
URDGZD\VDQGFXOYHUWVVLQFHWKHLPSHGLPHQWDWWKLVORFDWLRQLVQRWDVVHYHUH:+*GRHV
UHFRPPHQGPLWLJDWLRQRIWKLVDUHDDWVRPHSRLQWLQWKHUHVWRUDWLRQSURFHVVEXWLWDOVRLVD
ORFDWLRQWKDWFRXOGEHPRQLWRUHGGXULQJWKHDGDSWLYHPDQDJHPHQWSURFHVVDQGFRPSOHWHG
DWDODWHUGDWH

x %RXQG%URRNDWUDLOURDGFURVVLQJFXOYHUW±*LYHQVRPHRIWKHXQFHUWDLQW\UHODWHGWRWKLV
FXOYHUW ORFDWLRQ DQG WKDW WKHUH LV QR FXUUHQW FRQVWUXFWLRQ ZRUN EHLQJ SURSRVHG :+*
UHFRPPHQGV WKDW WKLV ORFDWLRQ EH PRQLWRUHG DQG UHDVVHVVHG DV SDUW RI WKH DGDSWLYH
PDQDJHPHQWSURMHFW3ULRUWRUHVWRUDWLRQWKLVDOVRPD\LQYROYHPLQRUPDLQWHQDQFHRIWKH
H[LVWLQJFXOYHUWVDQGUHVWRUDWLRQRIDQ\FRQQHFWLRQ FKDQQHOFOHDQLQJHWF +RZHYHULI
WKHUHLVDGHVLUHWRSURDFWLYHO\PDQDJHWKLVFURVVLQJORFDWLRQD¶[¶ER[FXOYHUWFRXOG
EHLQVWDOOHG RULIDQRSHQFKDQQHO LV GHVLUHGDW WKLV ORFDWLRQDPLQLPXPRID¶ZLGH
FKDQQHOFRXOGEHFUHDWHG


6LQFHUHO\
7KH:RRGV+ROH*URXS






5HIHUHQFHV

:RRGV+ROH*URXS+HUULQJ5LYHU+\GURG\QDPLF0RGHOLQJ0RGHO5HSRUW3UHSDUHGIRU
WKH7RZQRI:HOOIOHHWDQGWKH+HUULQJ5LYHU5HVWRUDWLRQ&RPPLWWHHSUHSDUHGE\:RRGV
+ROH*URXS,QF








7DEOH6XPPDU\RIH[LVWLQJFXOYHUWVDQGFURVVLQJVDQGSURSRVHGPRGLILFDWLRQV
Location
Culvert
DIA.
(ft)

Existing Infrastructure Information
Upstream
Downstream
Approx.
Culvert Invert
Culvert Invert
Length
(ft-NAVD88)
(ft–NAVD88)
(ft)

Proposed

Herring River at Bound Brook Is. Rd.

5

-3.3

-3.5

45

Existing Road
Elevation at
Crossing
(ft-NAVD88)
4.45

Proposed Replacement
Culvert or Opening

Fully restored
approx. MHWS
(ft–NAVD88)

Proposed Culvert
Obvert
(ft-NAVD88)

Notes

6’x8’ box culvert

3.5

4.5

Existing 5 foot culvert did not significantly restrict flow. However, there is
inadequate headspace at the existing culvert and enough of a restriction that it
is reasonable to increase the culvert size, especially considering the road is
being raised. A 6’x8’ box culvert provides full tidal exchange under storm
conditions and provides adequate headspace during normal conditions.
This feature was a significant flow restriction to the areas upstream during
events that will flood the marsh plain. It has a similar effect as High Toss Road.
Remove embankment to create a more natural open channel and marsh plain.
Match existing downstream grades for at least a 100 foot wide area. Ideally
remove entire embankment (approximately 500 feet) while matching upstream
and downstream grades and beneficially reuse material in a subsided marsh
area.
This culvert was not restrictive until we improved the RR crossing location (3).
Replace with 6’x6’ box culvert as road needs to be raised. Also, may want to
consider raising the invert 0.5 feet, which has inconsequential impact on the
flow and provides additional headspace.
This culvert was not restrictive until we improved the RR crossing location (3).
Replace with a 6’x6’ box culvert, and consider re-alignment of the culvert. As
currently situated, flow restrictions occur during larger events due to both the
size and orientation of the culvert to the approaching creek. Additionally, may
want to consider channel excavation and reconfiguration on the downstream
side of this crossing. Also, may want to consider raising the invert 0.5 feet,
which has inconsequential impact on the flow and provides additional
headspace.

Herring River Remnant RR Crossing

N/A

N/A

N/A

30

N/A

Restore open channel
marsh plain, minimum
of 100 feet

3.5

N/A

Bound Brook at Old County Rd.

2

-2.1

-2.3

35

2.69

6’x6’ box culvert

2.5-3.0

3.7

Bound Brook at RR Crossing Culvert

2

-2.6

-2.6

80

N/A

6’x6’ box culvert

2.5-3.0

3.4

Location
Culvert
DIA.
(ft)

Existing Infrastructure Information
Upstream
Downstream
Approx.
Culvert Invert
Culvert Invert
Length
(ft-NAVD88)
(ft–NAVD88)
(ft)

Proposed

1) Pole Dike Creek at Pole Dike Rd.

3

-1.0

-1.3

45

Existing Road
Elevation at
Crossing
(ft-NAVD88)
4.67

Proposed Replacement
Culvert or Opening

Fully restored
approx. MHWS
(ft–NAVD88)

Proposed Culvert
Obvert
(ft-NAVD88)

Notes

Minimum of 7’x8’ box
culvert for safety. 4’x8’
is adequate for flow
6’x8’ box culvert

4.8

5.7

3.5

4.5

Existing circular culvert is restrictive. Replacement culvert as minimal as 4’x8’
reduced attenuation; however, this size did not provide adequate headspace
during normal tidal conditions. Therefore, a 7’x8’ opening is suggested.
Existing 5 foot culvert did not significantly restrict flow. However, there is
inadequate headspace at the existing culvert and enough of a restriction that it
is reasonable to increase the culvert size, especially considering the road is
being raised. A 6’x8’ box culvert provides full tidal exchange under storm
conditions and provides adequate headspace during normal conditions.
This feature was a significant flow restriction to the areas upstream during
events that will flood the marsh plain. It has a similar effect as High Toss Road.
Remove embankment to create a more natural open channel and marsh plain.
Match existing downstream grades for at least a 100 foot wide area. Ideally
remove entire embankment (approximately 500 feet) while matching upstream
and downstream grades and beneficially reuse material in a subsided marsh
area.
This culvert was not restrictive until we improved the RR crossing location (3).
Replace with 6’x6’ box culvert as road needs to be raised. Also, may want to
consider raising the invert 0.5 feet, which has inconsequential impact on the
flow and provides additional headspace.
This culvert was not restrictive until we improved the RR crossing location (3).
Replace with a 6’x6’ box culvert, and consider re-alignment of the culvert. As
currently situated, flow restrictions occur during larger events due to both the
size and orientation of the culvert to the approaching creek. Additionally, may
want to consider channel excavation and reconfiguration on the downstream
side of this crossing. Also, may want to consider raising the invert 0.5 feet,
which has inconsequential impact on the flow and provides additional
headspace.

2) Bound Brook at Bound Brook Is. Rd.

5

-3.3

-3.5

45

4.45

3) Bound Brook Remnant RR Crossing

N/A

N/A

N/A

30

N/A

Restore open channel
marsh plain, minimum
of 100 feet

3.5

N/A

4) Bound Brook at Old County Rd.

2

-2.1

-2.3

35

2.69

6’x6’ box culvert

2.5-3.0

3.7

5) Bound Brook at RR Crossing Culvert

2

-2.6

-2.6

80

N/A

6’x6’ box culvert

2.5-3.0

3.4
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EXECUTIVE SUMMARY
2QEHKDOIRIWKH)ULHQGVRI+HUULQJ5LYHU )+5 DQGWKH+HUULQJ5LYHU5HVWRUDWLRQ&RPPLWWHH
+55&  /RXLV %HUJHU LQYHVWLJDWHG DQG HYDOXDWHG WKH JHRWHFKQLFDO GDWD DVVRFLDWHG ZLWK WKH
SURSRVHGHOHYDWLRQRIH[LVWLQJORZO\LQJURDGZD\VDQGUHSODFHPHQWRIDVVRFLDWHGFXOYHUWVDVSDUW
RIWKH+HUULQJ5LYHU5HVWRUDWLRQ3URMHFW)LYHURDGVHJPHQWVKDYHEHHQLGHQWLILHGIRUHOHYDWLRQ
DQGFXOYHUWUHSODFHPHQW3ROH'LNH5RDG2OG&RXQW\5RDGDW%RXQG%URRN2OG&RXQW\5RDG
DW 3DUDGLVH +ROORZ DQG %RXQG %URRN ,VODQG 5RDG LQ QRUWKZHVW :HOOIOHHW 0DVVDFKXVHWWV DQG
2OG &RXQW\ 5RDG ± 1RUWK 6HJPHQW LQ VRXWKZHVW 7UXUR 0DVVDFKXVHWWV /RZORZLQJ URDGZD\V
DUHVKRZQLQ)LJXUHV$DQG%
7KLVUHSRUWSUHVHQWVDIDFWXDODFFRXQWRIWKHVXEVXUIDFHFRQGLWLRQVEDVHGRQERULQJVLQVSHFWHG
DQG ORJJHG E\ /RXLV %HUJHU ODERUDWRU\ WHVW UHVXOWV DQG DVVRFLDWHG JHRWHFKQLFDO DQDO\VLV DQG
JHRWHFKQLFDOHYDOXDWLRQVZLWKFRQFOXVLRQVDQGUHFRPPHQGDWLRQVWRDVVLVWWKHGHVLJQWHDPLQWKH
GHYHORSPHQW RI WKH SURMHFW DUHD LQFOXGLQJ WKH LQVWDOODWLRQUHSODFHPHQW RI QHZ FXOYHUWV DQG
URDGZD\ILOODQGJUDGLQJRSHUDWLRQV%DVHGRQDVXUYH\SHUIRUPHGE\2XWHUPRVW/DQG6XUYH\RUV
WKHH[LVWLQJURDGVXUIDFHDWORZO\LQJDUHDVUDQJHVIURPWRIHHW1RUWK$PHULFDQ9HUWLFDO
'DWXPRI 1$9' ZKLFKZRXOGEHHOHYDWHGWRWR 1$9' 7KHJRDOLVWR
HOHYDWHWKHH[LVWLQJURDGZD\VHJPHQWVIHHWDERYHWKHVWRUPRIUHFRUGZLWKLQWKHSURMHFWDUHD
WR>1$9'@ 7KHUHVWRUDWLRQWHDPVHOHFWHGIHHWRIIUHHERDUGDERYHWKHVWRUPRI
UHFRUG WR HOHYDWH WKHVH URDGZD\ $V D UHVXOWDERXW WR IHHW RIILOO ZRXOGEHUHTXLUHGRYHU
H[LVWLQJJURXQGHOHYDWLRQVWRPDLQWDLQWKHILQDOVLWHJUDGLQJ$VSDUWRIWKHUHJUDGLQJH[LVWLQJ
FXOYHUWVZRXOGEHUHSODFHGZLWKQHZFLUFXODUDQGER[FXOYHUWVWUXFWXUHV
7KH VXEVXUIDFH DW WKH VLWH FRQVLVWV RI WKUHH GLIIHUHQW VWUDWD ZLWK GLIIHUHQW HOHYDWLRQV DQG
FKDUDFWHULVWLFV XQGHUO\LQJ WKH JURXQG VXUIDFH EHORZ DQ DYHUDJH LQFKWKLFN DVSKDOW VXUIDFH
FRXUVHZLWKLQWKHSURMHFWVLWH)URPWRSWRERWWRPWKHVHVWUDWDDUH6WUDWXP²DQDSSUR[LPDWHO\
IRRWWKLFNILOOOD\HU6WUDWXP²DGLVFRQWLQXRXVOD\HURIDQDYHUDJHIRRWWKLFNVDQGPL[HG
ZLWKRUJDQLFVLOWZLWKSHDWLQVRPHORFDWLRQVDQG6WUDWXP²GHSRVLWVFRQVLVWLQJSULQFLSDOO\RI
ILQHWRPHGLXPWRFRDUVHVDQGLQH[FHVVRIIHHWWKLFN%DVHGRQWKHZHWQHVVRIWKHVDPSOHV
DQGREVHUYDWLRQVGXULQJGULOOLQJJURXQGZDWHULVDQWLFLSDWHGWREHEHWZHHQDQGIHHWEHORZWKH
H[LVWLQJJUDGH
7KHSURSRVHGURDGZD\JUDGHFKDQJH LQFUHDVH ZRXOGUHVXOWLQVHWWOHPHQW%HFDXVHRIWKHPRVWO\
JUDQXODU QDWXUH RI WKH VRLOV EHORZ WKH H[LVWLQJ URDGZD\ VHWWOHPHQW GXH WR DGGHG ORDGV ZRXOG
FRQVLVWRISULPDU\VHWWOHPHQW7KHPDJQLWXGHRIWKHHVWLPDWHGSULPDU\VHWWOHPHQWLVOHVVWKDQ
LQFKHV PRUH WKDQ RQHKDOI RI WKLV ZRXOG RFFXU GXULQJ FRQVWUXFWLRQ +RZHYHU 6WUDWXP 
JHQHUDOO\ FRQWDLQV RUJDQLF PDWWHU WKDW ZLOO JUDGXDOO\ GHFD\ RYHU WKH QH[W VHYHUDO GHFDGHV
UHVXOWLQJLQDQDGGLWLRQDOWRLQFKHVRIVHWWOHPHQW$VDUHVXOWRIVORZGHFD\DQGSRUHSUHVVXUH
GLVVLSDWLRQUHODWHG VHWWOHPHQW ZLOO RFFXU RYHU D WLPH SHULRG RI D GHFDGH RU ORQJHU WKHUHIRUH
PHDVXUHVWRPLWLJDWHWKLVORQJWHUPVHWWOHPHQWPD\QRWEHUHTXLUHG
,Q FRQMXQFWLRQ ZLWK HOHYDWLQJ WKH H[LVWLQJ ORZO\LQJ URDGV VL[ H[LVWLQJ XQGHUVL]HG FXOYHUWV
ZRXOGEHUHPRYHGDQGUHSODFHGZLWKQHZFXOYHUWV7KHVHFXOYHUWVLQFOXGHWKUHHLQFKGLDPHWHU
UHLQIRUFHGFRQFUHWHSLSH 5&3 FXOYHUWVDIRRWE\IRRWFRQFUHWHER[FXOYHUWDIRRWE\
IRRWFRQFUHWHER[FXOYHUWDQGDIRRWE\IRRWFRQFUHWHER[FXOYHUW%HFDXVHRIWKHSURSRVHG
LLL
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JUDGH FKDQJH WKH QHZ FXOYHUWV ZRXOG EH LQVWDOOHG ZLWKLQ H[LVWLQJ 6WUDWXP  ILOO DQG QHZ ILOO
DERYHWKHJURXQGZDWHUWDEOH%DVHGRQWKHORDGVHWWOHPHQWLWLVHVWLPDWHGWKDWWKHORDGVLPSRVHG
E\WKHER[FXOYHUWV DOOWKUHHVL]HV DUHFRPSDUDEOHWRDQGJHQHUDOO\OHVVWKDQWKHZHLJKWRIWKH
VRLOVH[FDYDWHGWRDOORZIRUWKHLULQVWDOODWLRQ7KHUHIRUHQRDGGHGVWUHVVRUVHWWOHPHQWZRXOGEH
LQGXFHG E\ WKHLU LQVWDOODWLRQ +RZHYHU WKH SURSRVHG LQFKGLDPHWHU FLUFXODU FXOYHUWV ZRXOG
LQGXFHDQDGGHGVWUHVVZKHQIXOOUHVXOWLQJLQSRVWFRQVWUXFWLRQVHWWOHPHQWRQWKHRUGHURILQFK
%HFDXVHWKHVHWWOHPHQWVUHODWHGWRWKHLQVWDOODWLRQRIQHZFXOYHUWVDUHWROHUDEOH RQWKHRUGHURIDQ
LQFK  DQG WKH ORQJWHUP VHWWOHPHQWV UHODWHG WR WKH GHFD\ RI RUJDQLF VRLOV LQ 6WUDWXP  ZRXOG
FRLQFLGH ZLWK WKH IXWXUH SHULRGLF URDGZD\ VXUIDFLQJ LH  \HDUV  QR VSHFLDO JURXQG
LPSURYHPHQWLVSURSRVHGH[FHSWIRUWKHFDUHIXOSUHSDUDWLRQRIWKHVXEJUDGHDQGWKHQHZILOODV
GLVFXVVHGLQWKHIROORZLQJVHFWLRQ
)RU JUDGH FKDQJH WKH H[LVWLQJ DVSKDOW VXUIDFHELQGHUEDVH FRXUVH ZRXOG QHHG WR EH
PLOOHGUHPRYHG WR EHORZ WKH ERWWRP RI WKH DVSKDOW $IWHU UHPRYDO RI WKH H[LVWLQJ DVSKDOW WKH
QHZHPEDQNPHQWFRXOGEHEURXJKWWRWKHGHVLJQJUDGH7KHQHZHPEDQNPHQWVLGHVORSHVVKRXOG
EH QR VWHHSHU WKDQ D  KRUL]RQWDO WR YHUWLFDO UDWLR DQG WKH HPEDQNPHQW VORSHV VKRXOG EH
FRPSDFWHG DQG SURWHFWHG DJDLQVW HURVLRQ E\ YHJHWDWLRQ 'HSHQGLQJ RQ WKH K\GUDXOLF DQG
K\GURG\QDPLF FRQGLWLRQV RI WKH VLWH DGGLWLRQDO HPEDQNPHQW SURWHFWLRQ PD\ EH UHTXLUHG WR
PLQLPL]H VFRXU GDPDJH 6WHHSHU VLGH VORSHV PD\ EH UHTXLUHG LQ LVRODWHG DUHDV WR PLQLPL]H
LPSDFWVWRDGMDFHQWSDUFHOVVWDELOL]DWLRQZLWKJHRWH[WLOHIDEULFDQGRUULSUDSZRXOGEHUHTXLUHG
IRUVORSHVJUHDWHUZLWKDJUHDWHUWKDQKRUL]RQWDOWRYHUWLFDOUDWLR



LY

-XQH

*HRWHFKQLFDO5HSRUWIRUWKH3URSRVHG+HUULQJ5LYHU5HVWRUDWLRQ3URMHFW

1.0 INTRODUCTION
1.1

GENERAL

2QEHKDOIRIWKH)ULHQGVRI+HUULQJ5LYHU )+5 DQGWKH+HUULQJ5LYHU5HVWRUDWLRQ&RPPLWWHH
+55&  /RXLV %HUJHU LQYHVWLJDWHG DQG HYDOXDWHG WKH  JHRWHFKQLFDO GDWD ZLWK UHVSHFW WR WKH
SURSRVHG URDG UHFRQVWUXFWLRQ RI WKH +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW 7KHURDGV SURSRVHGIRU
UHGHVLJQ LQFOXGH SRUWLRQV RI 3ROH 'LNH 5RDG 2OG &RXQW\ 5RDG DW %RXQG %URRN 2OG &RXQW\
5RDGDW3DUDGLVH+ROORZDQG%RXQG%URRN,VODQG5RDG ORFDWHGLQQRUWKZHVW:HOOIOHHWDORQJ
ZLWK2OG&RXQW\5RDG±1RUWK6HJPHQWLQVRXWKZHVW7UXUR0DVVDFKXVHWWV
7KLVUHSRUWSUHVHQWVDIDFWXDODFFRXQWRIWKHVXEVXUIDFHFRQGLWLRQVEDVHGRQERULQJVLQVSHFWHG
DQG ORJJHG E\ /RXLV %HUJHU ODERUDWRU\ WHVW UHVXOWV DQG DVVRFLDWHG JHRWHFKQLFDO DQDO\VLV DQG
JHRWHFKQLFDOHYDOXDWLRQVZLWKFRQFOXVLRQVDQGUHFRPPHQGDWLRQVWRDVVLVWWKHGHVLJQWHDPLQWKH
GHYHORSPHQW RI WKH SURMHFW DUHD LQFOXGLQJ WKH LQVWDOODWLRQUHSODFHPHQW RI QHZ FXOYHUWV DQG
URDGZD\ILOODQGJUDGLQJRSHUDWLRQV
7KH VLWHV IRU WKH SURSRVHG URDGZD\ HOHYDWLRQ LQFOXGHV DSSUR[LPDWHO\  PLOHV RI URDG LQ
:HOOIOHHWDQGPLOHRIURDGLQ7UXUR )LJXUHVDQG 

1.2

PROJECT DESCRIPTION

%DVHG RQ WKH GDWD SURYLGHG E\ )+5 /RXLV %HUJHU XQGHUVWDQGV WKDW WKH SURSRVHG VLWH ZRUN
VSHFLILFWRWKHJHRWHFKQLFDOH[SORUDWLRQSURJUDPFRQVLVWVRIHOHYDWLQJSRUWLRQVRI3ROH'LNH5RDG
2OG &RXQW\ 5RDG DW %RXQG %URRN 2OG &RXQW\ 5RDG DW 3DUDGLVH +ROORZ DQG %RXQG %URRN
,VODQG5RDGLQ:HOOIOHHWDQG2OG&RXQW\5RDG±1RUWK6HJPHQWLQ7UXURDERYHWKHHOHYDWLRQRI
WKH VWRUP RI UHFRUG ZLWK  IHHW RI IUHHERDUG SHU WKH GLUHFWLRQ RI )+5 %DVHG RQ D VXUYH\
SHUIRUPHG E\ 2XWHUPRVW /DQG 6XUYH\ ,QF WKH H[LVWLQJ URDG VXUIDFH DW ORZO\LQJ DUHDV UDQJHV
IURP  WR  IHHW 1$9'  ZKLFK ZRXOG EH HOHYDWHG  IHHW DERYH WKH VWRUP RI UHFRUG
HOHYDWLRQVIURPH[LVWLQJHOHYDWLRQVRIWR 1$9' XSWRQHZHOHYDWLRQVRIWR
 1$9'  $V D UHVXOW DERXW  WR  IHHW RI ILOO ZRXOG EH UHTXLUHG RYHU H[LVWLQJ JURXQG
HOHYDWLRQVWRPDLQWDLQWKHILQDOVLWHJUDGLQJ,WVKRXOGEHQRWHGWKDWILOOLQH[FHVVRIIHHWZRXOG
EHUHTXLUHGLQLVRODWHGDUHDV
$ORQJ ZLWK HOHYDWLQJ WKH URDGZD\ VL[ H[LVWLQJ FXOYHUWV ZRXOG EH UHSODFHG 7DEOH  GHWDLOV
SURSRVHGFXOYHUWUHSODFHPHQW
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Table 1: Culverts to be Replaced
Existing Culvert
Location
(size)
2OG&RXQW\5G/RPEDUG+ROORZ 1 
XQNQRZQ
2OG&RXQW\5G/RPEDUG+ROORZ 6 
XQNQRZQ
2OG&RXQW\5G3DUDGLVH+ROORZ
LQFKHV
%RXQG%URRN,VODQG5GDW%RXQG%URRN
LQFKHV
%RXQG%URRN,VODQG5GDW+HUULQJ5LYHU
LQFKHV
3ROH'LNH
LQFKHV

1.3

Proposed Culvert
(size)
LQFKHV
LQFKHV
LQFKHV
IHHWE\IHHW
IHHWE\IHHW
IHHWE\IHHW

PURPOSE AND SCOPE OF WORK

7KH REMHFWLYH RI WKLV VWXG\ LV WR UHYLHZ WKH H[LVWLQJ VXEVXUIDFH FRQGLWLRQV EDVHG RQ WKH UHFHQW
ERULQJ DQG ODERUDWRU\ WHVW GDWD FRQGXFWHG DV SDUW RI WKH SURSRVHG GHYHORSPHQW FRQGXFW D
SUHOLPLQDU\ JHRWHFKQLFDO DQDO\VLV ZLWK UHVSHFW WR WKH SURSRVHG GHYHORSPHQW DQG GHYHORS
SUHOLPLQDU\UHFRPPHQGDWLRQVIRUVXEJUDGHSUHSDUDWLRQVIRUWKHQHZFXOYHUWVDVZHOODVVLWHILOO
DQG H[FDYDWLRQ DFWLYLWLHV 7R DFKLHYH WKHVH REMHFWLYHV WKH IROORZLQJ VFRSH RI ZRUN ZDV
SHUIRUPHG
 5HWDLQHG D GULOOLQJ FRQWUDFWRU WR DGYDQFH  VRLO ERULQJV FROOHFW UHSUHVHQWDWLYH DQG
XQGLVWXUEHGVRLOVDPSOHVREVHUYHJURXQGZDWHUDQGSHUIRUPERULQJ6WDQGDUG3HQHWUDWLRQ
7HVWV
 3URYLGHGIXOOWLPHILHOGLQVSHFWLRQVHUYLFHVIRUWKHERULQJVVRLOVDPSOLQJDQGILHOGWHVWV
 3HUIRUPHGDODERUDWRU\WHVWLQJSURJUDPRQUHSUHVHQWDWLYHVRLOVDPSOHVREWDLQHGIURPWKH
ERULQJV 7KH ODERUDWRU\ WHVWLQJ SURJUDP FRQVLVWHG RI LQGH[ FODVVLILFDWLRQ VWUHQJWK DQG
SUHOLPLQDU\ FRUURVLYLW\ WHVWV WR FRQILUP ILHOG VRLO FODVVLILFDWLRQV DQG DVVLVW  ZLWK
HQJLQHHULQJDQDO\VHV6HOHFWHGUHSUHVHQWDWLYHVDPSOHVIRUVRLOFKDUDFWHULVWLFV
 3UHSDUHGWKLVJHRWHFKQLFDOUHSRUWZKLFKLQFOXGHVWKHIROORZLQJ
D $ GHVFULSWLRQ RI WKH UHJLRQDO JHRORJLF IHDWXUHV RI WKH SURMHFW VLWH DQG VXEVXUIDFH
LQYHVWLJDWLRQSHUIRUPHGIRUWKLVSURMHFW
E $ERULQJORFDWLRQSODQVKRZLQJWKHORFDWLRQRIFRPSOHWHGWHVWERULQJV
F 7KH UHVXOWV RI WKH HQJLQHHULQJ HYDOXDWLRQV DQG UHFRPPHQGDWLRQV UHJDUGLQJ WKH
H[FDYDWLRQILOODQGHDUWKZRUNLQFOXGLQJ
x *HQHUDOL]HGVXEVXUIDFHFRQGLWLRQVLQFOXGLQJGHSWKVWRJURXQGZDWHU
x (VWLPDWHGVHWWOHPHQWVGXHWRJUDGHFKDQJH
x 6XEJUDGHSUHSDUDWLRQVIRUWKHQHZUHSODFHPHQWFXOYHUWV
x 5HFRPPHQGHGVRLOSDUDPHWHUVIRUHDUWKZRUN
G $GLVFXVVLRQRIFRQVWUXFWLRQUHODWHGLVVXHVLQFOXGLQJ
x ([FDYDWLRQFRQVLGHUDWLRQVLQFOXGLQJWKHXVHRIH[FDYDWHGPDWHULDOV
x 6XEJUDGHSUHSDUDWLRQDQGEDFNILOOUHTXLUHPHQWV
x 3URWHFWLRQRIDGMDFHQWVWUXFWXUHVDQGXWLOLWLHV
H $SSHQGLFHVWKDWLQFOXGHWHVWERULQJORJVDQGODERUDWRU\WHVWUHVXOWV
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2.0 SUBSURFACE INVESTIGATION AND TESTING
2.1

GENERAL

7KHVXEVXUIDFHLQYHVWLJDWLRQFRQVLVWHGRIDILHOGLQYHVWLJDWLRQDQGJHRWHFKQLFDOODERUDWRU\WHVWLQJ
7KH ILHOG LQYHVWLJDWLRQ LQFOXGHG SHUIRUPLQJ  WHVW ERULQJV 6HOHFWHG UHSUHVHQWDWLYH VRLO VDPSOHV
FROOHFWHG IURP WHVW ERULQJV ZHUH VHQW WR (66/DERUDWRU\LQ &UDQVWRQ5KRGH,VODQGWR GHWHUPLQH
YDULRXVVRLOFKDUDFWHULVWLFV

2.2

FIELD INVESTIGATION PROGRAM

7HQERULQJVZLWKGHVLJQDWHGQXPEHUV/%*/%*/%*/%*DQG/%*WKURXJK/%*
ZHUH FRPSOHWHG ZLWKLQ WKH SURMHFW DUHD )LJXUH   7KHVH WHVW ERULQJV ZHUH SHUIRUPHG EHWZHHQ
$SULODQG0D\%RULQJVZHUHGULOOHGIURPWKHH[LVWLQJJUDGHWRGHSWKVUDQJLQJIURP
WR  IHHW EHORZ JURXQG VXUIDFH EJV  /RXLV %HUJHU SHUVRQQHO LQVSHFWHG WKH ERULQJ RSHUDWLRQV
ORJJHGWKHVXEVXUIDFHVDPSOHVDQGVHOHFWHGDQGFROOHFWHGVDPSOHVIRUODERUDWRU\WHVWLQJ
7KH WHVW ERULQJV ZHUH SHUIRUPHG E\ 1HZ (QJODQG %RULQJ &RQWUDFWRUV ,QF 1( %RULQJ  RI
%URFNWRQ 0DVVDFKXVHWWV XVLQJ D GULOO ULJ 6RLO VDPSOHV ZHUH REWDLQHG XVLQJ WHFKQLTXHV DQG
HTXLSPHQW LQ JHQHUDO DFFRUGDQFH ZLWK WKH $PHULFDQ 6RFLHW\ IRU 7HVWLQJ DQG 0DWHULDOV $670 
6WDQGDUG6SHFLILFDWLRQV$670'3UDFWLFHIRU8VLQJ+ROORZ6WHP$XJHUVIRU*HRWHFKQLFDO
([SORUDWLRQ DQG 6RLO 6DPSOLQJ DQG ' ± 7HVW 0HWKRG IRU 3HQHWUDWLRQ 7HVW 637  DQG 6SOLW
EDUUHO 6DPSOLQJ RI 6RLOV 5HSUHVHQWDWLYH VDPSOHV ZHUH FROOHFWHG XVLQJ D LQFK LQQHU GLDPHWHU
,'  VSOLWVSRRQ 637 VDPSOHU GULYHQ ZLWK D SRXQG DXWRPDWLF KDPPHU ZLWK D LQFK GURS
%ORZFRXQWVZHUHUHFRUGHGLQDFFRUGDQFHZLWK$670'WRGHWHUPLQHWKH637UHVLVWDQFH³1´
YDOXHV*HQHUDOO\FRQWLQXRXVUHSUHVHQWDWLYHVRLOVDPSOHVZHUHFROOHFWHGWRDGHSWKRIIHHWDQG
WKHQ DIWHU HYHU\ IRRW LQWHUYDO IRU H[DPLQDWLRQ DQG ODERUDWRU\ WHVWLQJ 7KH UHFRYHUHG VSOLWVSRRQ
VRLOVDPSOHVZHUHYLVXDOO\FODVVLILHGDQGSODFHGLQSURWHFWLYHJODVVMDUVZKLFKZHUHODEHOHGZLWKWKH
SURMHFW QDPH DQG QXPEHU ERULQJ QXPEHU VDPSOH QXPEHU DQG GHSWK DQG 637 EORZ FRXQWV 7KH
WHVWERULQJORJVDUHLQFOXGHGLQ$SSHQGL[$

2.3

LABORATORY TESTING PROGRAM

7KH JHRWHFKQLFDO ODERUDWRU\ WHVWLQJ SURJUDP IRU WKLV SURMHFW FRQVLVWHG RI D VLJQLILFDQW QXPEHU RI
VLHYHDQDO\VHVEHFDXVHRIWKHJUDQXODUQDWXUHRIWKHVXEVXUIDFHDVZHOODVVRLOVXOIDWHDQGFKORULGH
WHVWV 7KH VXOIDWH DQG FKORULGH DQDO\VLV ZDV FRPSOHWHG WR HYDOXDWH WKH SRWHQWLDO IRU VXOIDWH DQG
FKORULGHUHDFWLRQZLWKWKHFRQFUHWHDQGVWHHOHOHPHQWVRIWKHIRXQGDWLRQRIWKHSURSRVHGFXOYHUWV
7KHIROORZLQJODERUDWRU\WHVWVZHUHFRQGXFWHG
• *UDLQVL]HGLVWULEXWLRQ VLHYHDQDO\VLV LQDFFRUGDQFHZLWK$670''
• $PRXQW RI PDWHULDO LQ VRLOV ILQHU WKDQ WKH 1R VLHYH LQ DFFRUGDQFH ZLWK WKH $670

'
• :DWHUFRQWHQWLQLQDFFRUGDQFHZLWK$670'
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• 2UJDQLFFRQWHQWLQDFFRUGDQFHZLWK$670'
• 6RLOVXOILGHLQDFFRUGDQFHZLWK86(QYLURQPHQWDO3URWHFWLRQ$JHQF\ 86(3$ $
• 6RLOFKORULGHLQDFFRUGDQFHZLWK86(3$0HWKRG
• 3HUFHQWVROLGVLQDFFRUGDQFHZLWK86(3$0HWKRG*
• &RUURVLYLW\S+LQDFFRUGDQFHZLWK86(3$0HWKRG

6SHFLILFDOO\WKHIROORZLQJVDPSOHVZHUHVXEPLWWHGWR(66IRUODERUDWRU\DQDO\VLV
• /%*

o 66 IHHWEJV ±JUDLQVL]HGLVWULEXWLRQ QRK\GURPHWHU 
o 66 IHHWEJV ±RUJDQLFFRQWHQW
o 66 IHHWEJV ±VRLOVXOILGHVRLOFKORULGHS+
• /%*66 IHHWEJV ±VRLOVXOILGHVRLOFKORULGHS+

o 66 IHHWEJV ±RUJDQLFFRQWHQW1RVLHYH
o 66 IHHWEJV ±RUJDQLFFRQWHQW
• /%*

o 66 IHHWEJV ±RUJDQLFFRQWHQWZDWHUFRQWHQW
o 66 IHHWEJV ±RUJDQLFFRQWHQW1RVLHYH
• /%*

o 66 IHHWEJV ±RUJDQLFFRQWHQW1RVLHYH
o 66 IHHWEJV ±RUJDQLFFRQWHQWZDWHUFRQWHQW
o 66 IHHWEJV ±RUJDQLFFRQWHQWVRLOVXOILGHVRLOFKORULGHS+
• /%*66 IHHWEJV ±RUJDQLFFRQWHQWZDWHUFRQWHQW
• /%*66 IHHWEJV ±RUJDQLFFRQWHQW1RVLHYH
• /%*

o 66 IHHWEJV ±RUJDQLFFRQWHQW1RVLHYH
o 66 IHHWEJV ±JUDLQVL]HGLVWULEXWLRQ QRK\GURPHWHU 
• /%*66 IHHWEJV ±RUJDQLFFRQWHQW1RVLHYH
• /%*

o 66 IHHWEJV ±VRLOVXOILGHVRLOFKORULGHS+
o 66 IHHWEJV ±RUJDQLFFRQWHQW1RVLHYH
o 66 IHHWEJV ±JUDLQVL]HGLVWULEXWLRQ QRK\GURPHWHU 
/DERUDWRU\WHVWUHVXOWVDUHSUHVHQWHGLQ$SSHQGL[%
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2.4

REGIONAL GEOLOGY OF THE PROJECT AREA

7KH SURMHFW DUHD OLHV ZLWKLQ WKH $WODQWLF 3ODLQ SK\VLRJUDSKLF SURYLQFH $FFRUGLQJ WR WKH 86
*HRORJLFDO 6XUYH\ 86*6  Geologic Map of Cape Cod and the Islands, Massachusetts,1 WKHVLWH
OLHVZLWKLQDQDUHDPDSSHGDV4ZR:HOOIOHHW3ODLQ'HSRVLWVDQG4V 0DUVKDQG6ZDPS'HSRVLWV
7KLV PDS GHVFULEHV WKH :HOOIOHHW 3ODLQ 'HSRVLWV XQLW DV PRVWO\ JUDYHOO\ VDQG ZLWK VFDWWHUHG
ERXOGHUVORFDOO\LQFOXGLQJEHGVDQGGLDSLUVRIFOD\'HOWDEHGVLQGLFDWHGHSRVLWLRQLQ&DSH&RG%D\
/DNH7KHPDSXQLW4VZKLFKRFFXSLHVWKHFKDQQHODQGIORRGSODLQRIWKH+HUULQJ5LYHUUHSUHVHQWV
PDUVKDQGVZDPSGHSRVLWVFRQVLVWVRIGHFD\LQJVDOWPDUVKSODQWVPL[HGZLWKVDQGVLOWDQGFOD\
7KLV XQLW DOVR LQFOXGHV VRPH IUHVKZDWHU PDUVK DQG VZDPS GHSRVLWV 7KH PDS GRHV QRW SURYLGH
VXIILFLHQW GHWDLO DQG 86*6 GRHV QRW KDYH VXIILFLHQW JURXQGWUXWKLQJ WR LQGLFDWH WKH ORFDOL]HG
VWUDWLJUDSK\WKHVLWH
7KH JUHDWHU SRUWLRQV RI WKH VHGLPHQWV H[SRVHG DW WKH VXUIDFH DQG ZLWKLQ WKH SURMHFW VLWH FRQVLVW
ORFDOO\RI4XDWHUQDU\PDUVKDQGVZDPSGHSRVLWVXQGHUODLQE\DOOXYLXP

2.5

SUBSURFACE CONDITIONS

6XEVXUIDFH FRQGLWLRQV DUH VXPPDUL]HG IURP GDWD REWDLQHG IURP WKH UHFHQWO\ FRPSOHWHG ERULQJV
%DVHG RQ WKH LQIRUPDWLRQ FROOHFWHG IURP WKH  ERULQJV WKHUH DUH WKUHH  GLIIHUHQW VWUDWD ZLWK
GLIIHUHQW HOHYDWLRQV DQG FKDUDFWHULVWLFV XQGHUO\LQJ WKH JURXQG VXUIDFH EHORZ DQ DYHUDJH LQFK
WKLFNDVSKDOWVXUIDFHFRXUVHZLWKLQWKHSURMHFWVLWH)URPWRSWRERWWRPWKHVWUDWDLGHQWLILHGDUH
• 6WUDWXP²DQDSSUR[LPDWHO\±IRRWWKLFNOD\HUILOO
• 6WUDWXP²$QDYHUDJHRIIRRWWKLFNGLVFRQWLQXRXVOD\HURIVDQGPL[HGZLWKRUJDQLFVLOW

ORFDOO\SHDW
• 6WUDWXP ²GHSRVLWV FRQVLVWLQJ SULQFLSDOO\ RI ILQH WR PHGLXP WR FRDUVHVDQGLQ H[FHVV RI

IHHWWKLFN
$ VXPPDU\ RI WKH VXEVXUIDFH FRQGLWLRQV LQFOXGLQJ D EULHI GHVFULSWLRQ RI WKH HDUWK PDWHULDOV DQG
JHRORJLFXQLWVLGHQWLILHGLQWKHUHFRUGRIERULQJVLVSUHVHQWHGEHORZ
STRATUM 1:FILL
7KLVVWUDWXPZDVREVHUYHGLPPHGLDWHO\EHORZDQDYHUDJHLQFKWKLFNDVSKDOWVXUIDFHFRXUVHDQG
FRQVLVWHGRIDVSKDOWELQGHUDQGEDVHFRXUVHRYHUSDYHPHQWJUDQXODUEDVHDQGRUJUDQXODUVRLOV7KH
WRWDO WKLFNQHVV RI DVSKDOW LQ ILOO UDQJHGIURP WR LQFKHV DQGZDVJHQHUDOO\XQGHUODLQ E\GDUN
EURZQWRGDUNJUD\LVKEURZQORFDOO\UHGGLVKEURZQJHQHUDOO\PHGLXPWRFRDUVHVDQGZLWKOLWWOHWR
VRPH JUDYHOV JHQHUDOO\ WUDFH ILQHV 7KH ILOO EHORZ ZDV REVHUYHG LQ DOO ERULQJV ZLWK DQ DYHUDJH
WKLFNQHVVRIIHHWEXWORFDOO\LWVWKLFNQHVVUHDFKHGWRDVPXFKDVIHHW7KH637UHVLVWDQFH³1´
YDOXHV $670 6WDQGDUG '  LQ WKLV VWUDWXP UDQJHG IURP  EORZVIRRW WR EORZVIRRW7KLV
KLJKO\YDULDEOHFRPSDFWQHVVUHSUHVHQWVLQHIILFLHQWVXEJUDGHSUHSDUDWLRQ LIDQ\ GXULQJSULRUSDYLQJ
RSHUDWLRQV

1

'HSDUWPHQWRIWKH,QWHULRU86*6Geologic Map of Cape Cod and the Islands, MassachusettV>PDS@
6FDOHQRWJLYHQ
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STRATUM 2: SAND WITH ORGANICS (SP, SM, LOCALLY MIXED WITH MH, AND
PT)2
7KLVVWUDWXPZDVREVHUYHGLQDOOERULQJVH[FHSWLQ/%*,WKDGDQDYHUDJHWKLFNQHVVRIIHHW
EXW LWVWKLFNQHVV UHDFKHGWR DERXW IHHWLQ/%*6DQGZLWKRUJDQLFVLVJHQHUDOO\GHVFULEHGDV
GDUNJUD\WRGDUNEURZQILQHWRPHGLXPVDQGZLWKVRPHRUJDQLFVLOWWUDFHWROLWWOHJUDYHOVORFDOO\
SHDW 7KH ODERUDWRU\ WHVWV LQGLFDWHG WKH RUJDQLF FRQWHQWV UDQJHGIURP SHUFHQW WR  SHUFHQW
SHUFHQWDJHRIILQHV VLOWDQGFOD\ UDQJHGIURPSHUFHQWWRSHUFHQWDQGWKHZDWHUFRQWHQW
UDQJHG IURP  SHUFHQW WR  SHUFHQW 7KH 637 UHVLVWDQFH ³1´ YDOXHV $670 6WDQGDUG
' LQWKLVVWUDWXPUDQJHGIURP+ ZHLJKWRIKDPPHU WREORZVIRRWLQGLFDWLQJYHU\ORRVHWR
ORRVHFRPSDFWQHVV
STRATUM 3: SAND (SPAND SM)
7KLV VWUDWXP ZDV JHQHUDOO\ REVHUYHG  IHHW EHORZ WKH H[LVWLQJ JUDGH DQG FRQVLVWHG RI SRRUO\
JUDGHGVDQG 63 DQGVLOW\VDQG 60 6DQGFRQVLVWHGRIEURZQWRUHGGLVKWR\HOORZLVKEURZQILQH
WR PHGLXP WR FRDUVH VDQG ZLWK DERXW  SHUFHQW VLOW DQG JHQHUDOO\ WUDFH JUDYHOV /DERUDWRU\ WHVW
UHVXOWV LQGLFDWHG WKDW WKH VDQG FRQWDLQHG OHVV WKDQ  SHUFHQW RUJDQLF VRLOV DQ DYHUDJH  SHUFHQW
ZDWHU FRQWHQW DQG XS WR  SHUFHQW ILQHV VLOW DQG FOD\  7KH 637 UHVLVWDQFH ³1´ YDOXHV LQ VDQG
UDQJHGIURPEORZVIRRWWREORZVIRRWLQGLFDWLQJJHQHUDOO\GHQVHFRPSDFWQHVV

2.6

GROUNDWATER CONDITIONS

%DVHGRQWKHZHWQHVVRIWKHVDPSOHVDQGREVHUYDWLRQVGXULQJGULOOLQJJURXQGZDWHULVDQWLFLSDWHGWR
EHEHWZHHQDQGIHHWEHORZWKHH[LVWLQJJUDGH,WVKRXOGEHQRWHGWKDWWKHJURXQGZDWHUWDEOHLV
H[SHFWHGWRIOXFWXDWHGHSHQGLQJRQFOLPDWLFIDFWRUVVXUIDFHGUDLQDJHFRQGLWLRQVWLGDOLQIOXHQFHVDQG
RWKHUIDFWRUV




63±SRRUO\JUDGHGVDQG60±VLOW\VDQG0+±HODVWLFVLOW37±SHDW


-XQH

*HRWHFKQLFDO5HSRUWIRUWKH3URSRVHG+HUULQJ5LYHU5HVWRUDWLRQ3URMHFW

3.0 ENGINEERING RECOMMENDATIONS
3.1

GENERAL

7KLVVHFWLRQRIWKHUHSRUWSUHVHQWVWKHJHRWHFKQLFDOHYDOXDWLRQZLWKUHFRPPHQGDWLRQVIRUWKHGHVLJQ
WRHOHYDWHWKHH[LVWLQJURDGZD\E\LQFUHDVLQJWKHHPEDQNPHQWKHLJKWE\XSWRIHHWDVZHOODV
DQDO\VLVUHODWHGWRFXOYHUWUHSODFHPHQW

3.2

SETTLEMENT

7KHSURSRVHGJUDGHFKDQJH LQFUHDVH DQGWKHLQVWDOODWLRQRIWKHWKUHHLQFK5&3FXOYHUWVZRXOG
UHVXOW LQ DQ LQFUHDVH LQ VWUHVV UHVXOWLQJ LQ VHWWOHPHQW  ,Q DGGLWLRQ SXUVXDQW WR 8QLWHG 6WDWHV
'HSDUWPHQW RI 7UDQVSRUWDWLRQ 86'27  UHFRPPHQGDWLRQV  IHHW RI VRLO HTXLYDOHQW VWUHVV
VXUFKDUJH RISRXQGVSHUVTXDUHIRRW SVI LVDVVXPHGIRUWKHDQWLFLSDWHGOLYHORDG LHWUDIILF
ORDGV 7KHH[WUDGHDGZHLJKWORDGIURPWKHIHHWRIVRLOSVIWUDIILFORDGVDQGDSSUR[LPDWHO\
SVIGHDGZHLJKWRIWKHLQFKFXOYHUWVRIWKHHPEDQNPHQWPXVWEHERUQHE\WKHJUDLQVNHOHWRQ
RIWKHVXEVRLO
6HWWOHPHQW LV WKH FRQVHTXHQFH RI D GHFUHDVH LQ WKH YROXPH RI WKH VXEVRLO %HFDXVH RI WKH PRVWO\
JUDQXODU QDWXUH RI WKH VRLOV EHORZ WKH H[LVWLQJ URDGZD\ VHWWOHPHQW GXH WR DGGHG ORDGV ZRXOG
FRQVLVW  PRVWO\ RI SULPDU\ VHWWOHPHQW 7KH PDJQLWXGH RI WKH HVWLPDWHG SULPDU\ VHWWOHPHQW LV OHVV
WKDQLQFKHVDQGPRUHWKDQRQHKDOIRIWKDWVHWWOHPHQWZRXOGRFFXUGXULQJFRQVWUXFWLRQ
6WUDWXP  JHQHUDOO\ FRQWDLQV RUJDQLF PDWWHU XS WR  SHUFHQW LQ RQH ORFDWLRQ %RULQJ ORJV
$SSHQGL[$ VKRZRUJDQLFVDUHSUHVHQWLQWRLQFKWKLFNEDQGVOD\HUVLQWKHXSSHUIHHWRI
WKHVRLOSURILOH$VVXPLQJDLQFKWKLFNRUJDQLFULFKVRLOOD\HU LHSHUFHQWRUJDQLFVDQG
KLJK ZDWHU FRQWHQW  GHFD\ RI RUJDQLF PDWWHUV RYHU WKH QH[W VHYHUDO GHFDGHV ZRXOG UHVXOW LQ DQ
DGGLWLRQDOWRLQFKHVRIVHWWOHPHQW%HFDXVHWKLVVORZGHFD\DQGSRUHSUHVVXUHGLVVLSDWLRQUHODWHG
VHWWOHPHQW ZRXOG RFFXU RYHU D WLPHIUDPH RI D GHFDGH RU ORQJHU PHDVXUHV WR PLWLJDWH VHWWOHPHQW
PD\ QRW EH UHTXLUHG +RZHYHU LI WKLV WLPHGHSHQGHQW  WR  LQFKHV RI VHWWOHPHQW LV QRW GHVLUHG
JURXQGLPSURYHPHQWZRXOGEHUHTXLUHG

3.3

PREPARATION OF SUBGRADE FOR CULVERTS AND GRADE
CHANGE

NEW EMBANKMENT FOR GRADE CHANGE
7KHH[LVWLQJDVSKDOWVXUIDFHELQGHUEDVHFRXUVHZRXOGQHHGWREHSXOYHUL]HGWREHORZWKHERWWRPRI
WKHDVSKDOW7KHPD[LPXPSDUWLFOHVL]HZRXOGEHUHGXFHGWRLQFKHV7KHH[LVWLQJDVSKDOWZRXOG
EH VWULSSHG RII DQG VHQW WR DQ DVSKDOW SODQW WR EH XVHG DV 5HF\FOHG $VSKDOW 3DYHPHQW $IWHU WKH
H[LVWLQJDVSKDOWSDYHPHQWLVUHPRYHGWKHQHZHPEDQNPHQWFRXOGEHEURXJKWWRWKHGHVLJQJUDGHDV
IROORZV
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 2EVHUYLQJWKHH[SRVHGVXUIDFHDQGUHPRYLQJDQ\FRPSUHVVLEOHPDWHULDOVLQFOXGLQJZRRG
SODVWLFDQGVRIWFOD\5HSODFLQJUHPRYHGFRPSUHVVLEOHPDWHULDOVZLWKôLQFKVL]HFUXVKHG
VWRQHRUUHF\FOHGFRQFUHWHDJJUHJDWH 5&$ 
 &RPSDFWLQJ WKH H[SRVHG VXUIDFH WR  SHUFHQW RI LWV GU\ GHQVLW\ DV REVHUYHG LQ $670
'
 3ODFLQJHPEDQNPHQWILOOXSWRLQFKHVEHORZWKHERWWRPRIWKHHPEDQNPHQWLQPD[LPXP
LQFKWKLFNOLIWVDQGFRPSDFWLQJHDFKOLIWWRSHUFHQWRIWKHILOO¶VPD[LPXPGU\GHQVLW\
DVREVHUYHGLQ$670'7KHHPEDQNPHQWILOOVKRXOGKDYHWKHIROORZLQJJUDGLQJ
x
x

0D[LPXPSDUWLFOHVL]HLQFKHV
6RLOFODVVLILFDWLRQ$$RU$RI$$6+72

 3ODFLQJVHOHFWILOOZLWKLQLQFKHVRIWKHSDYHPHQWER[DQGFRPSDFWLQJLWWRSHUFHQWRI
WKHVHOHFWILOO¶VPD[LPXPGU\GHQVLW\DVREVHUYHGLQ$670'7KHHPEDQNPHQWVHOHFW
ILOOVKRXOGKDYHWKHIROORZLQJJUDGLQJ
x
x
x

0D[LPXPSDUWLFOHVL]HLQFKHV
0DWHULDOSDVVLQJWKH1RVLHYHPD[LPXPSHUFHQW
6RLOFODVVLILFDWLRQ$$$RU$RI$$6+72FDQEHXVHG

 3ODFLQJDVSKDOWDVGHVLJQHG
,WDSSHDUVWKDWWKHSUHVHQFHRIVXLWDEOHERUURZDUHDVIRUWKHQHZHPEDQNPHQWQHDUWKHSURMHFWVLWHLV
SRVVLEOHEHFDXVHDOOVRLOVDWRUQHDUWKHVXUIDFHFRQVLVWH[FOXVLYHO\RIVDQG1DWXUDOO\HPEDQNPHQW
ILOO VKRXOGFRQWDLQRQO\SURFHVVHGRUQDWXUDO PDWHULDOV VKRXOGQRW LQFOXGHFRPSUHVVLEOHPDWHULDOV
DQG RUJDQLF VRLOV DQG VKRXOG QRW EH LQ IUR]HQ WHPSHUDWXUHV 7KH PRLVWXUH RI WKH ILOO VKRXOG EH
FRQGLWLRQHGWRUHPDLQZLWKLQSHUFHQWRIWKHRSWLPXPPRLVWXUHFRQWHQW
SUBGRADE PREPARATION FOR THE NEW CULVERTS
%HGGLQJZRXOGEHUHTXLUHGWR GLVWULEXWHWKHYHUWLFDOUHDFWLRQDURXQGWKHORZHUH[WHULRUVXUIDFHRI
WKHFXOYHUWVDQGUHGXFHVWUHVVFRQFHQWUDWLRQVZLWKLQWKHFXOYHUWZDOO%HFDXVHJUDQXODUVRLOVVKLIWWR
DWWDLQSRVLWLYHFRQWDFWDVWKHFXOYHUWVHWWOHVDQLGHDOORDGGLVWULEXWLRQFRXOGEHDWWDLQHGWKURXJKWKH
XVHRIFOHDQFRDUVHVDQGZHOOURXQGHGSHDVL]HJUDYHORUZHOOJUDGHGFUXVKHGVWRQH$FFRUGLQJO\
WKHIROORZLQJVXEJUDGHSUHSDUDWLRQVDUHUHFRPPHQGHG
 2EVHUYLQJ WKH VXUIDFH DW WKH FXOYHUWV¶ LQYHUW OHYHO DQG UHPRYLQJ DQ\ FRPSUHVVLEOH
PDWHULDOVLQFOXGLQJZRRGSODVWLFDQGVRIWFOD\5HSODFLQJUHPRYHGFRPSUHVVLEOHPDWHULDOV
ZLWKôLQFKVL]HFUXVKHGVWRQHRU5&$
 &RPSDFWLQJ WKH H[SRVHG VXUIDFH WR  SHUFHQW RI LWV GU\ GHQVLW\ DV REVHUYHG LQ $670
'
 ([FDYDWLQJOHYHOLQJ  LQFKHV EHORZ WKH FXOYHUW LQYHUW DQG SODFLQJ JUDQXODU EHGGLQJ ILOO
PHHWLQJWKHIROORZLQJJUDGLQJUHTXLUHPHQWV
x

3DVVLQJLQVLHYHSHUFHQW
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x
x
x
x

3DVVLQJ1RVLHYHSHUFHQW
3DVVLQJ1RVLHYHSHUFHQW
3DVVLQJ1RVLHYHSHUFHQW
3DVVLQJ1RVLHYHSHUFHQW

 3ODFLQJ SLSHER[ FXOYHUWV DQG IROORZ WKH PDQXIDFWXUHUV¶ DGYLFH IRU VLGH EDFNILOOLQJ DQG
FRPSDFWLRQ
$IWHUFRPSOHWLRQRIWKHEDFNILOODQGEHIRUHSODFHPHQWRIDGGLWLRQDOILOORUSDYHPHQWER[VWUXFWXUHV
SODFH VWDELOL]DWLRQ IDEULF DORQJ WKH WUHQFKSLSHFXOYHUW WR PLQLPL]H SRWHQWLDO IRU WUDQVYHUVH
UHIOHFWLQJFUDFNLQJRIWKHSDYHPHQW7KHVWDELOL]DWLRQIDEULFVKRXOGVSUHDGDWOHDVWIHHWDORQJWKH
MRLQWHGJHRIWKHFXOYHUWDQGVKRXOGFRPSO\ZLWK$$6+720 HJ0LUDIL;VHULHV+3VHULHV
7HQVDU*ODV3DYHRUHTXLYDOHQW 

3.4

STABILITY OF SLOPES AND SCOUR PROTECTION

7KHQHZHPEDQNPHQWVLGHVORSHVVKRXOGEHQRVWHHSHUWKDQDKRUL]RQWDOWRYHUWLFDOUDWLRDQG
WKHHPEDQNPHQWVORSHVVKRXOGEHFRPSDFWHGZLWKDWDPSLQJIRRWUROOHUE\ZDONLQJZLWKDGR]HURU
E\RYHUEXLOGLQJWKHILOODQGWKHQUHPRYLQJH[FHVVPDWHULDOWRWKHILQDOVORSHOLQH,WLVLPSRUWDQWWR
REVHUYH WKH SODFHPHQW RI HPEDQNPHQW RQ ZLQJ ZDOOV DQG FXOYHUW KHDGZDOOV PDWHULDOV VKRXOG EH
FRPSDFWHGZLWKFDUHVRWKDWQRH[FHVVLYHSUHVVXUHDJDLQVWWKHVWUXFWXUHLVLQWURGXFHG
7KHHPEDQNPHQWZRXOGQHHGWREHSURWHFWHGDJDLQVWHURVLRQE\HVWDEOLVKHGYHJHWDWLRQ'HSHQGLQJ
RQ WKH VLWH¶V K\GUDXOLF DQG K\GURG\QDPLF FRQGLWLRQV DGGLWLRQDO HPEDQNPHQW SURWHFWLRQ XVLQJ
ULSUDSPD\EHUHTXLUHGWRPLQLPL]HVFRXUGDPDJH
,QLVRODWHGDUHDVLWPD\EHQHFHVVDU\WRKDYHHPEDQNPHQWVVWHHSHUWKDQWRPLQLPL]HLPSDFWVRQ
DGMDFHQW SDUFHOV 6ORSHV VWHHSHU WKDQ  ZRXOG UHTXLUH VWDELOL]DWLRQ ZLWK JHRWH[WLOH IDEULFDQGRU
ULSUDS$VQRWHGDERYHDVORSHVWDELOL]HGZLWKYHJHWDWLRQLVSUHIHUUHG*XDUGUDLOVZRXOGDOVR
EHUHTXLUHGDWVWHHSHUFURVVVHFWLRQV
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4.0 CONCLUSIONS AND RECOMMENDATIONS
%DVHGRQWKHHQJLQHHULQJHYDOXDWLRQWKHIROORZLQJFRQFOXVLRQVDQGUHFRPPHQGDWLRQVDUHSURYLGHG
 2Q EHKDOI RI )+5 DQG +55& /RXLV %HUJHU LQYHVWLJDWHG DQG HYDOXDWHG WKH JHRWHFKQLFDO
GDWDDVVRFLDWHGZLWKWKHSURSRVHGHOHYDWLRQRIH[LVWLQJORZO\LQJURDGZD\VDQGUHSODFHPHQW
RI DVVRFLDWHG FXOYHUWV DV SDUW RI WKH +HUULQJ 5LYHU 5HVWRUDWLRQ 3URMHFW ZKLFK LQFOXGHV
SRUWLRQV RI 3ROH 'LNH 5RDG 2OG &RXQW\ 5RDG DW %RXQG %URRN 2OG &RXQW\ 5RDG DW
3DUDGLVH+ROORZ%RXQG%URRN,VODQG5RDGDQG2OG&RXQW\5RDG±1RUWK6HJPHQWORFDWHG
LQQRUWKZHVW:HOOIOHHWDQGVRXWKZHVW7UXUR0DVVDFKXVHWWV
 7KLV UHSRUW SUHVHQWV D IDFWXDO DFFRXQW RI WKHVXEVXUIDFHFRQGLWLRQV ODERUDWRU\WHVWUHVXOWV
DQG DVVRFLDWHG JHRWHFKQLFDO DQDO\VLV DQG JHRWHFKQLFDO HYDOXDWLRQV ZLWK FRQFOXVLRQV DQG
UHFRPPHQGDWLRQVWRDVVLVWWKHGHVLJQWHDPLQWKHGHYHORSPHQWRIWKHSURMHFWDUHDLQFOXGLQJ
WKHSODFHPHQWRIQHZFXOYHUWVDQGFXWDQGILOORSHUDWLRQV
 %DVHGRQWKHGDWDSURYLGHGE\)+5WKHSURSRVHGVLWHZRUNZRXOGFRQVLVWRIHOHYDWLQJRI
SRUWLRQV RI 3ROH 'LNH 5RDG 2OG &RXQW\ 5RDG DW %RXQG %URRN 2OG &RXQW\ 5RDG DW
3DUDGLVH +ROORZ %RXQG %URRN ,VODQG 5RDG DQG 2OG &RXQW\ 5RDG ± 1RUWK 6HJPHQW LQ
:HOOIOHHWDQG7UXURDERYHWKHHOHYDWLRQRIWKHVWRUPRIUHFRUGE\XSWRIHHW7KHURDG
UHJUDGLQJ ZRXOG DOVR UHTXLUH UHSODFLQJ H[LVWLQJ FXOYHUWV ZLWK ODUJHU FDSDFLW\ FLUFXODU DQG
ER[FXOYHUWV
 7KH JHRWHFKQLFDO LQYHVWLJDWLRQ SURJUDP LQFOXGHG GULOOLQJ  ERULQJV FROOHFWLQJ
UHSUHVHQWDWLYH DQG XQGLVWXUEHG VRLO VDPSOHV REVHUYLQJ JURXQGZDWHU SURYLGLQJ ILHOG
LQVSHFWLRQVHUYLFHVIRUWKHERULQJVFROOHFWLQJVRLOVDPSOHVSHUIRUPLQJ ILHOG WHVWVORJJLQJ
VDPSOHVDQGSHUIRUPLQJODERUDWRU\WHVWLQJRQUHSUHVHQWDWLYHVRLOVDPSOHVREWDLQHGIURPWKH
ERULQJV
 7KH VXEVXUIDFH DW WKH VLWH FRQVLVWV RI WKUHH GLIIHUHQW VWUDWD ZLWK GLIIHUHQW HOHYDWLRQV DQG
FKDUDFWHULVWLFVXQGHUO\LQJWKHJURXQGVXUIDFHEHORZDQDYHUDJHLQFKWKLFNDVSKDOWVXUIDFH
FRXUVH ZLWKLQ WKH SURMHFW VLWH )URP WRS WR ERWWRP WKH VWUDWD LQFOXGH 6WUDWXP ²DQ
DSSUR[LPDWHO\IRRWWKLFNILOOOD\HU6WUDWXP²DQDYHUDJHRIIRRWWKLFNGLVFRQWLQXRXV
OD\HURIVDQGPL[HGZLWKRUJDQLFVLOWDQGORFDOO\SHDWDQG6WUDWXP²GHSRVLWVFRQVLVWLQJ
SULQFLSDOO\RIILQHWRPHGLXPWRFRDUVHVDQGLQH[FHVVRIIHHWWKLFN
 %DVHG RQ WKH ZHWQHVV RI WKH VDPSOHV DQG REVHUYDWLRQV GXULQJ GULOOLQJ JURXQGZDWHU LV
DQWLFLSDWHGWREHEHWZHHQDQGIHHWEHORZWKHH[LVWLQJJUDGH
 *UDGHFKDQJH LQFUHDVH ZRXOGUHVXOWLQVHWWOHPHQWV%HFDXVHRIWKHPRVWO\JUDQXODUQDWXUH
RIWKHVRLOVEHORZWKHH[LVWLQJURDGZD\VHWWOHPHQWGXHWRDGGHGORDGVZRXOGEHPRVWO\RI
SULPDU\VHWWOHPHQWLQQDWXUH7KHPDJQLWXGHRIWKHHVWLPDWHGSULPDU\VHWWOHPHQWLVOHVVWKDQ
LQFKHVPRUHWKDQRQHKDOIRIWKLVVHWWOHPHQWZRXOGRFFXUGXULQJFRQVWUXFWLRQ+RZHYHU
6WUDWXP  JHQHUDOO\ FRQWDLQV RUJDQLF PDWWHUV DQG GHFD\ RI RUJDQLF PDWWHU RYHU WKH QH[W
VHYHUDO GHFDGHV ZRXOG UHVXOW LQ DGGLWLRQDO  WR  LQFKHV RI VHWWOHPHQW %HFDXVH WKLV VORZ
GHFD\ DQG SRUH SUHVVXUH GLVVLSDWLRQ UHODWHG VHWWOHPHQW ZRXOG RFFXU RYHU D WLPHIUDPH RI D
GHFDGHRUPRUHPHDVXUHVWRPLWLJDWHVHWWOHPHQWPD\QRWEHUHTXLUHG
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 7KHSURSRVHGURDGZD\JUDGHFKDQJHGHYHORSPHQW ZRXOG LQFOXGHLQVWDOODWLRQRI WKUHH
LQFK GLDPHWHU UHLQIRUFHG FRQFUHWH SLSH 5&3  FXOYHUWV D IRRW E\ IRRW FRQFUHWH ER[
FXOYHUWDIRRWE\IRRWFRQFUHWHER[FXOYHUWDQGDIRRWE\IRRWFRQFUHWHER[FXOYHUW
%HFDXVHRIWKHSURSRVHGJUDGHFKDQJHWKHQHZFXOYHUWVZRXOGEHLQVWDOOHGLQWR6WUDWXP
ILOODQGQHZILOODERYHWKHJURXQGZDWHUWDEOH%DVHGRQWKHORDGVHWWOHPHQWLWLVHVWLPDWHG
WKDWWKHORDGVLPSRVHGE\WKHER[FXOYHUWV DOOWKUHHW\SHV DUHFRPSDUDEOHWRDQGJHQHUDOO\
OHVVWKDQWKHZHLJKW RIWKHH[FDYDWHGVRLOV7KHUHIRUHQRDGGHGVWUHVVUHODWHGVHWWOHPHQWV
ZRXOG EH LQGXFHG E\ WKHLU LQVWDOODWLRQ +RZHYHU WKH SURSRVHG LQFKGLDPHWHU FLUFXODU
FXOYHUWV ZRXOG LQGXFH DQ DGGHG VWUHVV UHVXOWLQJ LQ D SRVWFRQVWUXFWLRQ VHWWOHPHQW RQ WKH
RUGHU RI  LQFK %HFDXVH WKH VHWWOHPHQWV UHODWHG WR WKH LQVWDOODWLRQ RI QHZ FXOYHUWV DUH
WROHUDEOH RQ WKH RUGHU RI  LQFK  DQG WKH ORQJWHUP VHWWOHPHQWV UHODWHG WR WKH GHFD\ RI
RUJDQLFVRLOVZRXOGFRLQFLGHZLWKWKHIXWXUHSHULRGLFURDGZD\VXUIDFLQJ LH\HDUV QR
VSHFLDOJURXQGLPSURYHPHQWLVSURSRVHGH[FHSWIRUWKHFDUHIXOSUHSDUDWLRQRIWKHVXEJUDGH
DQGWKHQHZILOO
 )RU JUDGH FKDQJH WKH H[LVWLQJ DVSKDOW VXUIDFHELQGHUEDVH FRXUVH ZRXOG QHHG WR EH
SXOYHUL]HGEHORZWKHERWWRPRIWKHDVSKDOW$IWHUWKHH[LVWLQJDVSKDOWSDYHPHQWLVUHPRYHG
WKHQHZHPEDQNPHQWFRXOGEHEURXJKWWRWKHGHVLJQJUDGHDVUHFRPPHQGHGLQ6HFWLRQ
7KH QHZ HPEDQNPHQW VLGH VORSHV VKRXOG EH QR VWHHSHU WKDQ D  KRUL]RQWDO WR YHUWLFDO
UDWLR7KHHPEDQNPHQWVORSHVVKRXOGEHFRPSDFWHGDQGZRXOGQHHGWREHSURWHFWHGDJDLQVW
HURVLRQE\HVWDEOLVKPHQWRIYHJHWDWLRQ'HSHQGLQJRQWKHVLWH¶VK\GUDXOLFDQGK\GURG\QDPLF
FRQGLWLRQVDGGLWLRQDOHPEDQNPHQWSURWHFWLRQE\ULSUDSPD\EHUHTXLUHGWRPLQLPL]HVFRXU
GDPDJH
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5.0 LIMITATIONS
3URIHVVLRQDO MXGJPHQWV ZHUH QHFHVVDU\ LQ UHODWLRQ WR GHWHUPLQLQJ VWUDWLJUDSK\ DQG VXEVXUIDFH
FRQGLWLRQV IURP WKH VXEVXUIDFH LQYHVWLJDWLRQ 7KHUHIRUH WKH GDWD SUHVHQWHG DQG WKH RSLQLRQV
H[SUHVVHGLQWKLVUHSRUWDUHTXDOLILHGDVIROORZV
 7KLVUHSRUWKDVEHHQSUHSDUHGE\/RXLV%HUJHUIRU)+5WREHXVHGVROHO\LQWKHHYDOXDWLRQ
DQG SHUIRUPDQFH RI WKH SURSRVHG VLWH GHYHORSPHQW ZRUN DW WKH VLWH RI WKH +HUULQJ 5LYHU
5HVWRUDWLRQ 3URMHFW LQ :HOOIOHHW DQG 7UXUR 0DVVDFKXVHWWV 7KH UHSRUW KDV QRW EHHQ
SUHSDUHGIRUXVHE\RWKHUSDUWLHVDQGPD\QRWQHFHVVDULO\FRQWDLQVXIILFLHQWLQIRUPDWLRQIRU
WKH SXUSRVHV RI RWKHU SDUWLHV RU RWKHU XVHV $Q\ XQGLVFORVHGDQGRUXQSHUPLWWHGDOWHUQDWH
XVHVKDOOEHDWWKDWSDUW\¶VRZQULVNDQGZLWKRXWOLDELOLW\WR/RXLV%HUJHU
 7KH FRQFOXVLRQV DQG UHFRPPHQGDWLRQV SURYLGHG LQ WKLV UHSRUW DUH SUHOLPLQDU\ DQG EDVHG
XSRQ/RXLV%HUJHU¶VXQGHUVWDQGLQJRIWKHGHVFULEHGSURMHFWLQIRUPDWLRQDQGLQWHUSUHWDWLRQ
RI WKH LQIRUPDWLRQ WKH YLVLEOH FRQGLWLRQV IRU DFFHVVLEOH SURSHUWLHV DQG WKH GDWD WKDW ZHUH
DYDLODEOHDQGRUFROOHFWHGGXULQJWKHSHUIRUPDQFHRIWKLVVWXG\8QOHVVRWKHUZLVHVWDWHGWKH
ZRUN SHUIRUPHG E\ /RXLV %HUJHU VKRXOG EH XQGHUVWRRG WR EH H[SORUDWRU\ DQG
LQWHUSUHWDWLRQDO LQ FKDUDFWHU $Q\ UHVXOWV ILQGLQJV RU UHFRPPHQGDWLRQV FRQWDLQHG LQ WKLV
UHSRUWPD\EHWKHUHVXOWDWOHDVWLQSDUWRISURIHVVLRQDOMXGJPHQWDQGQRWQHFHVVDULO\EDVHG
VROHO\RQSXUHVFLHQFHDQGHQJLQHHULQJ
 3URIHVVLRQDOJHRWHFKQLFDOHQJLQHHULQJVHUYLFHVIRUWKLVSURMHFWKDYHEHHQSHUIRUPHGXVLQJD
GHJUHH RI FDUH DQG VNLOO RUGLQDULO\ H[HUFLVHG XQGHU VLPLODU FLUFXPVWDQFHV E\ UHSXWDEOH
JHRWHFKQLFDOFRQVXOWDQWVSUDFWLFLQJLQWKLVRUVLPLODUORFDOLWLHV1RRWKHUZDUUDQW\H[SUHVVHG
RULPSOLHGLVPDGHDVWRWKHSURIHVVLRQDODGYLFHLQWKLVUHSRUW
 ,Q SUHSDULQJ WKLV SUHOLPLQDU\ UHSRUW /RXLV %HUJHU KDV UHOLHG XSRQ DQG SUHVXPHG DFFXUDWH
FHUWDLQLQIRUPDWLRQ RUWKHDEVHQFHWKHUHRI DERXWWKHVLWHDQGDGMDFHQWSURSHUWLHVSURYLGHG
E\ JRYHUQPHQWDO RIILFLDOV DQG DJHQFLHV )+5 RWKHU FRQVXOWDQWV DQG RWKHUV LGHQWLILHG
KHUHLQ([FHSWDVRWKHUZLVHVWDWHG/RXLV%HUJHUKDVQRWDWWHPSWHGWRYHULI\WKHDFFXUDF\RU
FRPSOHWHQHVVRIDQ\VXFKLQIRUPDWLRQ/RXLV%HUJHUGHULYHGWKHGDWDLQWKLVUHSRUWSULPDULO\
IURPYLVXDOLQVSHFWLRQVH[DPLQDWLRQRIUHFRUGVLQWKHSXEOLFGRPDLQDQGDOLPLWHGQXPEHU
RIWHVWVZKHUHSHUVRQQHOZHUHJUDQWHGDFFHVV7KHSDVVDJHRIWLPHPDQLIHVWDWLRQRIODWHQW
FRQGLWLRQV RU RFFXUUHQFH RI IXWXUH HYHQWV PD\ UHTXLUH IXUWKHU H[SORUDWLRQ DW WKH VLWH
DQDO\VLV RI WKH GDWD DQG UHHYDOXDWLRQ RI WKH ILQGLQJV REVHUYDWLRQV DQG FRQFOXVLRQV
H[SUHVVHGLQWKHUHSRUW
 1R ZDUUDQW\ RU JXDUDQWHH ZKHWKHU H[SUHVV RU LPSOLHG LV PDGH ZLWK UHVSHFW WR WKH GDWD
UHSRUWHG RU ILQGLQJV REVHUYDWLRQV DQG FRQFOXVLRQV H[SUHVVHG LQ WKLV UHSRUW )XUWKHU VXFK
GDWD ILQGLQJV REVHUYDWLRQV DQG FRQFOXVLRQV DUH EDVHG VROHO\ XSRQ VLWH FRQGLWLRQV LQ
H[LVWHQFHDWWKHWLPHRILQYHVWLJDWLRQ
7KH GDWD UHSRUWHG DQG WKH ILQGLQJV REVHUYDWLRQV DQG FRQFOXVLRQV H[SUHVVHG LQ WKH UHSRUW DUH
OLPLWHGE\WKH6FRSHRI6HUYLFHVLQFOXGLQJWKHH[WHQWRIVXEVXUIDFHH[SORUDWLRQDQGRWKHUWHVWV7KH
6FRSH RI 6HUYLFHV ZDV GHILQHG E\ WKH UHTXHVWV RI )+5 DQG WKH DYDLODELOLW\ RI DFFHVV WR WKH VLWH
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7KLVUHSRUWKDVEHHQSUHSDUHGRQEHKDOIRIDQGIRUWKHH[FOXVLYHXVHRI)+5DQGLVVXEMHFWWRDQG
LVVXHGLQFRQQHFWLRQZLWKWKH$JUHHPHQWDQGWKHSURYLVLRQVWKHUHRI
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FIGURE 2:
BORING LOCATION PLAN &
RECORD OF BORINGS
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APPENDIX A
BORING LOGS

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-1
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Old County Road, Truro, MA

Checked By: G. Deblois

Elevation: 4.5

S2
brown (10YR 4/3), coarse to medium SAND; moist.

5

S3
brown (10YR 4/3), medium SAND, trace fine sand, trace coarse sand, trace silt;
moist.

6
7

S4
7" brown (10YR 4/3), coarse to medium SAND; moist.
2" very dark brown (10YR 2/2) coarse SAND; moist

8
9

S5
brown (10YR 4/3) to dark brown (10YR 3/3) medium to coarse SAND, trace
organics; wet.

10

18-5-3-4

S2

SS

4-5-4-5

S3

SS

6-6-4-5

S4

SS

5-3-2-3

S5

SS

4-2-2-3

S6

SS

9-7-11-13

S7

SS

11-11-10-8

Well Data

SS

Symbol

S1

4.5
0

Remarks

Fill

2.5
2

3
4

Blows/6"

2

Type

1

Ground Surface
6" asphalt
S1
2" ASPHALT
10" very dark brown (10YR 2/2) , fine GRAVEL, some sand; moist.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : A. Sylvia

0.5
4

-1.5
6

-3.5
8

-5.5
10

11
12
13
14
S6
very dark gray (10YR 3/1), fine to medium SAND, trace fine gravel, wet.

-9.5
14

15
16

-11.5
16

17
18
19
S7
dark yellowish brown (10YR 4/6), coarse SAND, some fine gravel, wet.

-14.5
19

20
21

-16.5
21

Drill Method: rollerbit & hollow stem auger

Datum:

Drill Date: 4/2/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-1
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Old County Road, Truro, MA

Checked By: G. Deblois

Elevation: 4.5

SS

7-7-8-10

S9

SS

18-16-14-21

S10

SS

14-13-16-15

Well Data

Blows/6"

S8

Symbol

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : A. Sylvia

Remarks

-16.5
21

22

23

-19.5
24

24
S8
no recovery

25

26

-21.5
26

27

28

29

-24.5
29

S9
no recovery

30

31

-26.5
31

32

33

34
S10
brownish yellow (10YR 6/6), coarse to medium SAND, wet.

-29.5
34

35

36

-31.5
36

37
casing came loose, hole abandoned
End of Borehole

38

39

40

41

Drilled By: NE Boring

-36.5
41

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum:

Drill Date: 4/2/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-3
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Old County Road, Truro, MA

Checked By: G. Deblois

Elevation: 4.3

S2
dark yellowish brown (10YR 4/4), coarse to medium SAND; moist.

S3
yellowish brown (10YR 5/8), coarse to med SAND, trace GRAVEL; wet.

7

S4
12" dark yellowish brown (10YR 4/4), coarse to medium SAND; wet.
10" very dark brown (10YR 2/2) ORGANICS; wet

8
9

S5
1" dark gray (10YR 4/1) fine SAND; wet.
3" dark gray (10YR 4/1) ORGANICS, fine sand, trace silt; wet.

10

S2

SS

8-8-6-5

S3

SS

3-3-2-3

S4

SS

2-2-3-2

S5

SS

2-1-1-1

S6

SS

1-1-1-1

S7

SS

13-21-12-13

Well Data

6-9-11-12

Symbol

SS

Fill

2.3
2

0.3
4

5
6

S1

Remarks

4.3
0

3
4

Blows/6"

2

Type

1

Ground Surface
5" asphalt
S1
2" ASPHALT
dark yellowish brown (10YR 4/4) , fine to medium SAND; moist.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

-1.7
6

-3.7
8

-5.7
10

11
12
13
14
S6
very dark grayish brown (10YR 3/2), fine silty SAND with ORGANICS; wet.

-9.7
14

15
16

-11.7
16

17
18
19
S7
dark yellowish brown (10YR 5/8), medium SAND, trace gravel; wet.

-14.7
19

20
21

-16.7
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/2/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-3
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Old County Road, Truro, MA

Checked By: G. Deblois

Elevation: 4.3

SS

16-12-15-24

S9

SS

20-17-19-22

S10

SS

17-17-6-5

Well Data

Blows/6"

S8

Symbol

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

Remarks

-16.7
21

22

23

24

25

S8
10" yellowish brown (10YR 5/6) fine to medium SAND; wet.
8" very dark gray (10YR 3/1) coarse to medium SAND; wet.

26

-19.7
24

-21.7
26

27

28

29

30

S9
5" yellowish red (10YR 5/6) medium to coarse SAND; wet.
13" dark grayish brown (10YR 4/2) medium to coarse SAND, trace quartz; wet.

31

-24.7
29

-26.7
31

32

33

34
S10
strong brown (7.5YR 5/8), coarse to medium SAND, trace fine gravel; wet.

-29.7
34

35

36

-31.7
End of Borehole

37

38

39

40

41

-36.7
41

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/1/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-5
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Old County Road, Truro, MA

Checked By: G. Deblois

Elevation: 2.9

2

S2
very dark gray (10YR 3/1), coarse to medium SAND; wet.

5

S3
3" very dark brown (10YR 2/2) ORGANICS; wet.
14" very dark gray (10YR 3/1) medium to coarse SAND; wet.

6
7

S4
9" very dark brown (10YR 2/2) to very very dark gray (10YR 1/1) medium to
coarse SAND, some organics, trace silt; saturated.

8
S5
dark grayish brown (10YR 4/2), fine to medium SAND, trace gravel; wet.

12-9-6-5

S3

SS

2-2-2-2

S4

SS

2-1-1-H

S5

SS

8-1-H

S5

SS

1-5-15-12

S5

SS

12-9-10-11

Well Data

SS

Symbol

S2

Recovery

SS

Fill

14-11-17-20

0.9
2

-1.1
4

-3.1
6

-5.1
8

9
10

S1

Remarks

2.9
0

3
4

Type

1

Ground Surface
5" asphalt
S1
2" ASPHALT
2" dark grayish brown (10YR 4/2), coarse SAND; moist.
8" dark garyish bown (10YR 4/2) medium to coarse SAND;
5" very dark gray (10YR 3/1) medium to coarse SAND; moist

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Blows/6"

Coordinates:

Prepared by : A. Sylvia

-7.1
10

11
12
13
14
15

S6
8" very dark gray (10YR 3/1), medium to coarse SAND; wet.
9" very dark brown (10YR 2/2) fine SAND, trace organics; wet.

16

-11.1
14

-13.1
16

17
18
19
S7
yellowish brown (10YR 5/4), fine to medium SAND, some fine gravel; wet.

-16.1
19

20
21

-18.1
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/3/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-5
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Old County Road, Truro, MA

Checked By: G. Deblois

Elevation: 2.9

SS

9-11-14-17

S9

SS

10-11-16-14

Well Data

Blows/6"

S8

Symbol

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : A. Sylvia

Remarks

-18.1
21

22

23

24
S8
brown (10YR 5/3) fine to medium SAND, some gravel; wet.

-21.1
24

25

26

-23.1
26

27

28

29
S9
yellowish brown (10YR 5/8), medium to coarse SAND, trace gravel; wet.

-26.1
29

30

31
End of Borehole

-28.1
31

End of Borehole

-38.1
41

32

33

34

35

36

37

38

39

40

41

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/3/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-7
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Bound Brook Island Road, Wellfleet, MA

Checked By: G. Deblois

Elevation: 2.3

3

S3
no sample.

7

S4
Very dark grayish brown (10YR 3/2), fine to medium sand,some silt, trace
coarse sand, trace fine gravel, trace silt; moist.

8
9

S5
Very dark grayish brown (10YR 3/2), ORGANICS, some fine to medium sand,
trace coarse sand, trace fine gravel; moist.

10

S2

SS

5-H-H-1

S3

SS

H-H-H-H

S4

SS

H-H-H-2

S5

SS

1-1-1-1

S5

SS

5-7-9-11

S5

SS

5-9-9-8

Well Data

8-3-2-2

Symbol

SS

Fill

0.3
2

-1.7
4

5
6

S1

Remarks

2.3
0

S2
very dark grayish black (10YR 3/2), ORGANIC SAND, trace fine to coarse
gravel; saturated.

4

Blows/6"

2

Type

1

Ground Surface
6" asphalt
S1
2" ASPHALT; dry.
3" yellowish brown (10YR 8.6), fine to coarse SAND; dry.
4" gray (10YR 5/1), fine to coarse SAND; dry.
6" very dark grayish black (10YR 3/2), ORGANICS, trace fine sand and gravel;
dry.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

-3.7
6

-5.7
8

-7.7
10

11
12
13
14
15

S6
dark gray (10YR 4/1), fine to medium SAND, some coarse sand, trace fine
gravel, moist.

16

-11.7
14

-13.7
16

17
18
19
20

S7
gray (10YR 5/1), fine to medium SAND, some coarse sand, trace fine gravel;
saturated.

21

-16.7
19

-18.7
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/1/15

Sheet: 1 of 2

Project No: 20004341
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Bound Brook Island Road, Wellfleet, MA

Prepared by : S. Hogan
Checked By: G. Deblois

Elevation: 2.3

SS

5-9-9-8

S9

SS

10-15-20-16

S10

SS

21-15-22-24

S11

SS

17-23-25-31

Well Data

Blows/6"

S8

Symbol

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Louis Berger
Providence, Rhode Island

Borehole #: LBG-7

Remarks

-18.7
21

22

23

24

25

S8
gray (10YR 5/1), fine to medium SAND, some coarse sand, trace fine gravel;
saturated.

26

-21.7
24

-23.7
26

27

28

29
S9
gray (10YR 5/1), fine to coarse SAND, trace coarse gravel; saturated.

-26.7
29

30

31

-28.7
31

32

33

34
S10
gray (10YR 5/1), medium to coarse SAND, some fine sand; moist.

-31.7
34

35

36

-33.7
36

37

38

39
S11
gray (10YR 5/1), fine to coarse SAND, some coarse gravel; moist.

-36.7
39

40

41
End of Borehole

-38.7
41

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/1/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-9
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Bound Brook Island Road, Welfleet, MA

Checked By: G. Deblois

Elevation: 5.2

3

S2
1.5" brown (7.5YR 5/2), fine to medium SAND, some coarse sand; dry.
4.5" light yellowish brown (10YR 6/4), fine to coarse sand; dry.

4
5

S3
2.5" light yellowish brown (10YR 6/4), fine to coarse SAND, trace fine gravel;
moist.
2.5" dark gray (10YR 4/1), fine to coarse silty SAND, trace fine gravel trace
organics; moist.

6
S4
dark gray (2.5Y 4/1); fine SAND, some organics; moist.

9

S5
3" black (5Y 2.5/1); fine to medium SAND, trace coarse sand, trace coarse
gravel trace organics; moist.
2" pale olive (2.5Y 6/4), fine to corase SAND, trace coarse gravel; moist.
4" dark gray (2.5Y 4/1), fine to medium SAND, trace coarse gravel; wet.

10

10-6-14-23

S2

SS

26-30-32-25

S3

SS

1-1-1-2

S4

SS

H-1-1-1

S5

SS

2-1-3-6

S5

SS

16-12-13-14

S5

SS

3-4-5-7

Well Data

SS

Symbol

S1

Remarks

5.2
0
Fill

3.2
2

1.2
4

-0.8
6

7
8

Blows/6"

2

Type

1

Ground Surface
8" asphalt
S1
2" ASPHALT; dry.
12" brown (7.5YR 5/2), fine to coarse SAND, trace fine to coarse gravel; dry.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

-2.8
8

-4.8
10

11
12
13
14
15

S6
light olive gray (5Y 6/2), fine SAND, some medium sand, some fine gravel;
moist.

16

-8.8
14

-10.8
16

17
18
19
S7
light olive gray (5Y 6/2), fine SAND, some medium sand; moist.

-13.8
19

20
21
Drilled By: NE Boring

-15.8
21
Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/1/15

Sheet: 1 of 2

Project No: 20004341
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Bound Brook Island Road, Welfleet, MA

Prepared by : S. Hogan
Checked By: G. Deblois

Elevation: 5.2

SS

16-14-20-20

S9

SS

33-19-13-17

S10

SS

S11

SS

Well Data

Blows/6"

S8

Symbol

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Louis Berger
Providence, Rhode Island

Borehole #: LBG-9

Remarks

-15.8
21

22

23

24

25

S8
light yellowish brown (10YR 6/4), medium SAND, some fine sand, some coarse
sand, trace gravel; saturated.

26

-18.8
24

-20.8
26

27

28

29

30

S9
4" light yellowish brown (10YR 6/4), fine to medium SAND; saturated.
4" light olive gray (2.5Y 6/2) fine SAND; saturated.

31

-23.8
29

-25.8
31

32

33

34

35

S10
4" olive yellow (2.5Y 6/6), fine silty SAND, some coarse gravel; saturated.
12" olive yellow (2.5Y 6/6), fine silty SAND; saturated.

36

-28.8
34

-30.8
36

37

38

39

40

S11
brownish yellow (10YR 6/6), fine to medium SAND, trace coarse gravel;
saturated.

41
End of Borehole

-33.8
39
10-12-14-24

-35.8
41

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/1/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-10
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Bound Brook Island Road, Welfleet, MA

Checked By: G. Deblois

Elevation: 3.5

2
S2
brown to black (7.5YR 4/2 to 5Y 2.5/1) fine to medium SAND; moist.

15-9-5-6

Fill

1.5
2

Fill

S2

4
S3
2" brownish yellow (10YR 6/6), fine to coarse SAND; moist.
4" black (5Y 2.5/1), ORGANICS, trace fine SAND; moist.

6
S4
black (5.Y 2.5/1), fine to medium SAND, trace organics; moist.

S5
dark grayish brown (10YR 4/2), fine to coarse SAND; moist.

10-4-1-5

Fill

S3

SS

1-1-1-1

S4

SS

H-H-1-1

S5

SS

1-1-21-1

S5

SS

6-5-6-8

S5

SS

20-5-4-6

-2.5
6

-4.5
8

9
10

SS

-0.5
4

7
8

Well Data

SS

Symbol

Blows/6"

S1

Remarks

3.5
0

3

5

Type

1

Ground Surface
8" asphalt
S1
6" ASPHALT; dry.
2" yellowish brown (10YR 8/6), fine to medium SAND; trace coarse SAND; dry.
4" dark brown (7.5YR/ 3/2) fine to medium SAND, trace coarse SAND; moist.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

-6.5
10

11
12
13
14
15

S6
3" brownish yellow (10YR 6/6), fine to coarse SAND; moist.
1.5" olive gray (2.5Y 5/2), medium to coarse SAND, trace coarse gravel; moist.
1.5" light olive gray (2.5Y 6/2), fine to medium SAND; moist.

16

-10.5
14

-12.5
16

17
18
19
S7
light yellowish brown(10YR 6/4), fine SAND, some medium sand; moist.

-15.5
19

20
21

-17.5
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 3/31/15

Sheet: 1 of 2

Project No: 20004341
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Bound Brook Island Road, Welfleet, MA

Prepared by : S. Hogan
Checked By: G. Deblois

Elevation: 3.5

SS

6-6-11-11

S9

SS

8-10-14-24

S10

SS

1-2-2-3

S11

SS

6-5-11-14

Well Data

Blows/6"

S8

Symbol

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Louis Berger
Providence, Rhode Island

Borehole #: LBG-10

Remarks

-17.5
21

22

23

24
S8
light yellowish brown (10 YR 6/4), fine SAND, some coarse sand; moist.

-20.5
24

25

26

-22.5
26

27

28

29
S9
light gray (2.5Y 7/2), fine SAND; saturated.

-25.5
29

30

31

-27.5
31

32

33

34

35

S10
light olive gray (2.5Y 6/2), fine SAND, trace medium sand; trace coarse gravel;
moist.

36

-30.5
34

-32.5
36

37

38

39

40

S11
8" pale olive (5Y 6/3) mottled with brownish yellow (10YR 6/8), fine SAND, trace
silt; moist.
11" pale olive (5Y 6/3), fine SAND, trace silt; moist.

41
End of Borehole

-35.5
39

-37.5
41

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 3/31/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-11
Project: Herring River Restoration
Client: Friends of Herring River

Checked By: G. Deblois

Elevation: 4.0

2
S2
dark gray (10YR 4/1), medium to coarse SAND, some silt, trace organics; moist.

S3
dark gray (10YR 4/1), medium to coarse SAND, trace organics; wet.

S4
dark gray (10YR 4/1), medium to coarse SAND; wet

S5
yellowish brown (10YR 5/8), medium to coarse SAND; wet.

S3

SS

1-2-3-2

S4

SS

2-2-4-13

S5

SS

17-11-8-6

S5

SS

7-6-7-6

S5

SS

12-10-12-15

Well Data

1-1-1-1

Symbol

SS

0
4

-2
6

-4
8

9
10

S2

13-18-4-6

2
2

7
8

SS

Fill

5
6

S1

Remarks

4
0

3
4

Type

1

Ground Surface
5" asphalt
S1
dark gray (10YR 4/1) fine to coarse SAND, some gravel; moist

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Bound Brook Island Road, Welfleet, MA

Blows/6"

Site Location:

Prepared by : A. Sylvia

-6
10

11
12
13
14
S6
yellowish red (5YR 4/6), coarse SAND; wet.

-10
14

15
16

-12
16

17
18
19
S7
yellowish brown (10YR 5/8), coarse to medium SAND, trace gravel; wet.

-15
19

20
21
End of Borehole

-17
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/3/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-12
Project: Herring River Restoration
Client: Friends of Herring River

Prepared by : A. Sylvia

Site Location: Bound Brook Island Road, Welfleet, MA
Elevation: 3.7

2
3

S2
4" dark gray (10YR 4/1), medium SAND, moist.
7" fine SAND, trace silt, some organics; moist.

4
S3
dark gray (10YR 4/1) fine to coarse SAND, some silt, trace organics; wet.

S4
dark gray (10YR 4/1) medium to coarse SAND, some silt; wet

S5
very dark gray (10YR 3/1) medium to coarse SAND, some gravel; wet.

S3

SS

1-H-H-H

S4

SS

H-H-1-1

S5

SS

9-2-2-1

S5

SS

4-5-5-6

S5

SS

9-6-6-7

Well Data

2-2-1-1

Symbol

SS

Recovery

S2

26-33-25-12

1.7
2

-0.3
4

-2.3
6

-4.3
8

9
10

SS

Fill

7
8

S1

Remarks

3.7
0

5
6

Type

1

Ground Surface
4" asphalt
S1
2" ASPHALT
13" gray (10YR 45/1) , medium to fine SAND, trace gravel; dry.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Blows/6"

Coordinates:

Checked By: G. Deblois

-6.3
10

11
12
13
14
S6
yellowish brown (10YR 5/8) medium to coarse SAND; wet.

-10.3
14

15
16

-12.3
16

17
18
19
S7
yellowish brown (10YR 5/8), coarse SAND; wet.

-15.3
19

20
21
End of Borehole

-17.3
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 4/3/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-13
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Pole Dike Creek Road, Welfleet, MA

Checked By: G. Deblois

Elevation: 3.7

4
S3
dark gray (10YR 4/1), fine SAND, some medium to coarse SAND; moist.

S4
no recovery

9

S5
4" very dark gray (5Y 3/1), fine SAND, some silt, trace organics; moist.
6" very dark gray (5Y 3/1), fine to coarse GRAVEL; moist

10

Well Data

67-13-15-9

Symbol

SS

Fill

1.7
2

Fill

S2

SS

2-1-1-1

S3

SS

1-1-1-2

S4

SS

H-H-2-2

S5

SS

1-1-1-1

S5

SS

8-15-20-22

S5

SS

2-1-4-5

-0.3
4

-2.3
6

7
8

S1

Remarks

3.7
0

5
6

Blows/6"

3

S2
7" dark yellowish brown (10YR 6/4), fine to coarse SAND; dry.
9" dark gray (10YR 4/1), fine SAND and ORGANICS; dry.

1

Type

2

Ground Surface
5" asphalt
S1
3" dark gray (10YR 4/1), fine to coarse SAND and ORGANICS, asphalt; dry.
4" black (10YR 2/1,) fine to coarse SAND and fine to coarse gravel; dry.
4" light yellowish brown (10YR 6/4), medium to coarse SAND, trace fine to
coarse gravel; dry.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

-4.3
8

-6.3
10

11
12
13
14
15

S6
5.5" gray (5Y 5/1), fine to coarse SAND, trace coarse gravel; moist.
8.5" reddish yellow (7.5YR 6/8), fine to coarse SAND; moist.

16

-10.3
14

-12.3
16

17
18
19
20

S7
1" reddish yellow (7.5YR 6/8), fine to medium SAND, trace coarse sand; moist.
5" gray (5Y 5/1), fine silty SAND, trace medium and coarse sand; moist.

21

-15.3
19

-17.3
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 3/30/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-13
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Pole Dike Creek Road, Welfleet, MA

Checked By: G. Deblois

Elevation: 3.7

SS

19-16-20-24

S9

SS

22-49-51-54

S10

SS

30-34-67-34

S11

SS

35-14-9-6

Well Data

Blows/6"

S8

Symbol

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

Remarks

-17.3
21

22

23

24

25

S8
4" pale yellow (5 Y 7/3), fine to medium SAND; moist.
14" pale yellow (5Y 7/3), fine to medium SAND, some coarse sand, trace
coarse gravel; moist.

26

-20.3
24

-22.3
26

27

28

29
S9
very pale brown (10YR 7/3), fine to corase SAND, trace coarse gravel; moist.

-25.3
29

30

31

-27.3
31

32

33

34

35

S10
strong brown (7.5 YR 5/6), fine to corase SAND, trace fine to coarse gravel;
moist.

36

-30.3
34

-32.3
36

37

38

39

40

S11
reddish yellow (7.5YR 7/6), medium to coarse SAND, trace fine sand, trace fine
gravel; moist.

41
End of Borehole

-35.3
39

-37.3
41

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 3/30/15

Sheet: 1 of 2

Project No: 20004341

Louis Berger
Providence, Rhode Island

Borehole #: LBG-14
Project: Herring River Restoration
Client: Friends of Herring River
Site Location: Pole Dike Creek Road, Welfleet, MA

Checked By: G. Deblois

Elevation: 4.4

2
S2
reddish yellow (7.5YR 6/8), medium to coarse SAND, trace fine sand; moist.

5

S3
11" gray (7.5YR 6/8), fine to coarse AND, trace fine GRAVEL; moist.
2: light gray (2.5Y 7/1), fine SAND and ORGANICS, trace GRAVEL; moist.

6
S4
light gray (2.5Y 7/1), fine to coarse SAND, trace fine gravel; moist.

9
10

S5
5" black (7.5YR 2.5/1), fine SAND, some coarse sand, some fine gravel trace
silt, trace organics; moist.
2" black (7.5YR 2.5/1), fine SAND, trace medium sand, trace silt, trace organics;
moist.
1" black (7.5YR 2.5/1), fine to coarse SAND; moist.

Well Data

35-17-9-6

Symbol

Blows/6"

SS

Fill

2.4
2

Fill

S2

SS

7-6-7-5

S3

SS

1-3-3-4

S4

SS

2-2-16-19

S5

SS

2-11-11-15

S5

SS

2-11-11-15

S5

SS

4-2-18-17

0.4
4

-1.6
6

7
8

S1

Remarks

4.4
0

3
4

Type

1

Ground Surface
7" asphalt
S1
4" ASHPHALT; dry.
8" reddish yellow (7.5 YR 6/8), fine to coarse SAND, trace fine gravel; dry.

Number

0

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Recovery

Coordinates:

Prepared by : S. Hogan

-3.6
8

-5.6
10

11
12
13
14
S6
reddish yellow (7.5YR 6/6), fine to coarse SAND; moist.

-9.6
14

15
16

-11.6
16

17
18
19
20

S7
gray (2.5Y 6/1), fine silty SAND, trace medium to coarse sand, trace fine gravel;
moist.

21

-14.6
19

-16.6
21

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 3/30/15 & 3/31/15

Sheet: 1 of 2

Project No: 20004341
Project: Herring River Restoration

Louis Berger
Providence, Rhode Island

Borehole #: LBG-14

Client: Friends of Herring River
Site Location: Pole Dike Creek Road, Welfleet, MA

Prepared by : S. Hogan
Checked By: G. Deblois

Coordinates:

14-23-31-36

S9

SS

20-27-26-31

S10

SS

1-2-4-5

S11

SS

33-25-27-32

Well Data

SS

Symbol

Blows/6"

S8

Recovery

Type

21

Number

Description

SAMPLE
Depth/Elev.

Symbol

Depth (ft)

SUBSURFACE PROFILE

Remarks

-16.6
21

22

23

24
S8
pale olive (2.5Y 6/3), fine to medium SAND; moist.

-19.6
24

25

26

-21.6
26

27

28

29
S9
(2.5Y 6/6), medium to coarse SAND, trace fine sand, trace coarse gravel; moist.

-24.6
29

30

31

-26.6
31

32

33

34

-29.6
34

S10
no recovery

35

36

-31.6
36

37

38

39

40

S11
7" (2.5Y 6/2), fine to medium SAND, trace fine gravel; moist.
3" (10YR 5/2), fine to corase SAND, trace fine gravel; moist.
9" (7.5YR 6/2), medium to coarse SAND, trace fine sand, trace fine gravel;
moist.

41
End of Borehole

-34.6
39

-36.6
41

Drilled By: NE Boring

Hole Size: 2"

Drill Method: rollerbit & hollow stem auger

Datum: NAVD88

Drill Date: 3/30/15 & 3/31/15

Sheet: 1 of 2



Geotechnical Report for the Proposed Herring River Restoration Project

APPENDIX B
LABORATORY TEST RESULTS
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Herring River Low Lying Roads Probable Opinion of Cost
Quantity
Straw Waddles
18,500
Loam and Seed
15,500
Pavement Demolition/Removal (bituminous roads 4-6" thick)
32,901
Roadway Compaction (riding, vibrating roller, 6" lifts, 2 passes)
45,921
Roadway Excavation (1 C.Y. cap= 100 C.Y./hr) for misc. excavation/water quality channels
7,500
Borrow Loading and/or Spreading (select granular fill, 3 CY Front End Loader)
57,401
Hauling Fill material to site (20 min. wait, 25 mph, 6 mile cycle)
57,401
Loading Fill at Haul Site (front end loader, 3 C.Y. cap = 130 C.Y./Hr
57,401
Hauling and removal of unsuitable material
500
Prop Road Base Course (12" Gravel) (crushed stone, 3/4" max size)
20,500
Prop Road Intermediate Course (2.5" HMA)
20,500
Prop Road Surface Course (1.5" HMA)
20,500
Guard rails (Steel, posts 6'3" O.C.)
10,900
24" RCP Culvert (class 3, no gaskets)
150
6'x6' Box Culvert (6'x7', precast, 8' long)
80
6'x8' Box Culvert (6'x7', precast, 8' long)
50
7'x8' Box Culvert (8'x8', precast, 8' long)
50
Precast concrete headwall for 24" RCP culverts
6
Concrete headwall for box culverts
6
Riprap for culvert protection, 300 lb average
2,500
Roadway Excavation (1 C.Y. cap= 100 C.Y./hr) for culverts
1,500
Crushed stone bedding for culverts
2,500
Backfill and compaction of bedding
250
Pole Dike Road Gate Structure
1
Pole Dike Road Gate Platform
1
Implementation of Traffic Management Plan
1
Dewatering/By-pass
6
SOE Installation
6
Item

Unit
LF
SY
SY
BCY
CY
LCY
LCY
LCY
LCY
SY
SY
SY
LF
LF
LF
LF
LF
EA
EA
TON
CY
CY
LCY
LS
LS
LS
EA
EA

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Cost
185,000.00
77,500.00
322,426.86
22,960.39
19,050.00
1,234,120.90
487,908.26
121,690.06
15,000.00
276,750.00
277,775.00
211,150.00
305,200.00
10,350.00
30,400.00
20,750.00
22,750.00
21,000.00
75,000.00
72,500.00
3,810.00
102,500.00
715.00
80,600.00
18,000.00
20,000.00
90,000.00
81,000.00

Subtotal
Mob/Demob @10%
Bonding and Insurance @1.5%
General Conditions @5%
Contingency @30%

$
$
$
$
$

4,205,906
420,591
63,089
210,295
1,261,772

Total=

$

6,161,653

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Unit Cost
10.00
5.00
9.80
0.50
2.54
21.50
8.50
2.12
30.00
13.50
13.55
10.30
28.00
69.00
380.00
415.00
455.00
3,500.00
12,500.00
29.00
2.54
41.00
2.86
80,600.00
18,000.00
20,000.00
15,000.00
13,500.00
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Meeting Minutes
DATE:

30 December 2014

FROM:

Chris Feeney

SUBJECT:

Herring River Restoration Project: Engineering Design to Elevate Low-Lying
Roadways and Replace Associated Culverts

Meeting Date: 18 December 2014
Time:

1:00 pm to 3:00 pm

Attendees:

Steve Block, NOAA
Martha Rheinhardt, Cape Cod Conservation District
Mark Vincent, Wellfleet DPW Director
Alan Platt, FHR
Chris Feeney, Louis Berger

CC:

Don Palladino, FHR

1. Overview/Introduction/Project Administration
S. Block, C. Feeney, M. Rheinhardt reviewed the contract and comments received from MADER and
NOAA. Specific language to address the comments on the contract were agreed to in the meeting.
S. Block requested that all deliverables, including invoices, be submitted to M. Rheinhardt and S.
Block. All review comments will be coordinated by M. Rheinhardt and S. Block.
C. Feeney will serve as the primary point of contact for Louis Berger.
S. Block stressed the importance of QA/QC on all deliverables prior to submission to the project team
for review.
2. Project Discussion
C. Feeney provided a brief overview of proposed field work (i.e. survey, borings). The schedule for the
survey work and geotechnical investigation was discussed. The field work will be scheduled three
weeks out after the holidays. Louis Berger will coordinate with M. Vincent to coordinate access for
field work, discuss Maintenance and Protection of Traffic Plan (MPOT), and potential access to private
property. See attached project schedule.
It was noted during the meeting that an RDA will need to be submitted to the Wellfleet Conservation
Commission and a negative determination must be issued before borings can occur.
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M. Vincent and S. Block requested a detailed submission of the proposed borings and notes on traffic
control during borings. The need for police details was discussed at the meeting. This detail would be
needed to obtain the required permit for the investigation.
M. Vincent provided drawings of the water line on Pole Dike at the meeting. The drawings are
available in hard copy only. No CAD and/or GIS mapping is available. These are the only Town
owned utilities within the project area. M. Vincent did note the presence of underground electric in the
area.
C. Feeney indicated that Louis Berger will provide follow up written request to document the process
of confirming the presence of underground utilities in the project area.
Dig safe would be contacted prior to the geotechnical investigation. Follow up correspondences will be
sent to confirm the location of any below grade and above grade gas, power, cable, and telephone lines.
M. Rheinhardt distributed model documentation in advance of the meeting to confirm required
dimensions and inverts for proposed culverts. A table summarizing this information was provided (see
attached). Additional information will be provided to document the confirmed elevation of the storm of
record at each road segment.
C. Feeney indicated that LB would prepare a design criteria memo to summarize the criteria used for
the design: culvert geometry, side slope geometry, slope stabilization, protected road elevation, and
free board. The memo will also summarize the overall design objectives to meet MADEP storm water
guidelines. The goal is to utilizing an above grade naturally vegetated drainage system.
M. Vincent noted concern with existing soils and ability to withstand additional fill associated with
elevating the roads. He noted the instability of Bound Brook section during a recent mill and overlay
operation.
C. Feeney summarized the design criteria used in the CLE report for a 34-ft paved ROW, based on two
12-ft lanes and two 5-ft shoulders. The project team agreed to match the existing paved dimensions.
The paved ROW will not be increased unless required to meet applicable standards.
The project team agreed to keep side slopes within 3:1 to maximize use of natural vegetation. Slopes
steeper would only be used when required to minimize impacts to private property or impacts to
channel.
The project team discussed how to tie in connecting driveways and roadways to avoid any impacts
associated with grades and/or drainage. It is noted that we did visit the driveways during our field trip.
Most driveways sloped up so achieving grade shouldn't be too difficult to accommodate. It is noted that
grading on private property may be required to transition grades.
Project team discussed road closures and traffic detours required during construction. The existing
roadways are narrow making partial road opening during construction difficult. C. Feeney indicated
that Berger will develop a detour plan working with the Town that is minimizes impacts to traffic. The
detour plan will contain specific construction sequencing language to avoid multiple closures at one
time.
S. Block and M. Rheinhardt requested additional scope to address channel modifications at the former
166 Valley Street, Building 5 | Providence | RI | 02909 | USA | Tel +1.401.521.5980
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rail road ROW. The model results indicated that the current RR bed causes a tidal restriction. The goal
of restoration would be to remove approximately 100-ft of the RR embankment. The embankment
could be used for fill for the proposed road segments.
3. Public Meeting Forum
M. Vincent and S. Block discussed the schedule and proposed format for the first public meeting. The
project team agreed to target the beginning of February for the first public forum. We discussed the
potential of having the Wellfleet Community Forum sponsor the public meetings.
The general content of the two meetings was discussed: 1. Design Charrette (design criteria,
purpose/goal, level of protection) and 2. Design Alternative (preferred alternatives).
It was noted that bike accessibility may be an item of discussion at the public forum.
4. Site Visit
Following the meeting, a site visit was convened. S. Block, M. Rheinhardt, and C. Feeney visited each
of the four culverts to be replaced.
Follow up question for the Town, would the fire well be replaced following restoration? It was noted
that post-restoration would result in high salinity water.
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2014
NOVEMBER

TASK 1: Review Existing Background Materials and Attend Kick-off Meeting
TASK 2: Develop Existing Conditions Plans
2a: Wetland Delineation
2b: Site Survey
TASK 3: Prepare Preliminary Culvert Design Plans
TASK 4: Conduct Geotechnical Investigation
TASK 5: Prepare Preliminary Roadway Design Plans
TASK 6: Develop Traffic Management Analysis
TASK 7: Meetings and Communication
TASK 8: Draft and Final Reports
TASK 9: MassDOT 25% Culvert Design and Submittal (Optional)
TASK 10: Develop Permit-Level Design Plans
TASK 11: Develop Permit Narrative
KEY
Work Effort
Review
Notice to Proceed: December 15th
Project Deliverables

DECEMBER

2015
JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY



Location
Culvert
DIA.
(ft)

Existing Infrastructure Information
Upstream
Downstream
Approx.
Culvert Invert
Culvert Invert
Length
(ft-NAVD88)
(ft–NAVD88)
(ft)

Proposed

1) Pole Dike Creek at Pole Dike Rd.

3

-1.0

-1.3

45

Existing Road
Elevation at
Crossing
(ft-NAVD88)
4.67

Proposed Replacement
Culvert or Opening

Fully restored
approx. MHWS
(ft–NAVD88)

Proposed Culvert
Obvert
(ft-NAVD88)

Notes

Minimum of 7’x8’ box
culvert for safety. 4’x8’
is adequate for flow
6’x8’ box culvert

4.8

5.7

3.5

4.5

Existing circular culvert is restrictive. Replacement culvert as minimal as 4’x8’
reduced attenuation; however, this size did not provide adequate headspace
during normal tidal conditions. Therefore, a 7’x8’ opening is suggested.
Existing 5 foot culvert did not significantly restrict flow. However, there is
inadequate headspace at the existing culvert and enough of a restriction that it
is reasonable to increase the culvert size, especially considering the road is
being raised. A 6’x8’ box culvert provides full tidal exchange under storm
conditions and provides adequate headspace during normal conditions.
This feature was a significant flow restriction to the areas upstream during
events that will flood the marsh plain. It has a similar effect as High Toss Road.
Remove embankment to create a more natural open channel and marsh plain.
Match existing downstream grades for at least a 100 foot wide area. Ideally
remove entire embankment (approximately 500 feet) while matching upstream
and downstream grades and beneficially reuse material in a subsided marsh
area.
This culvert was not restrictive until we improved the RR crossing location (3).
Replace with 6’x6’ box culvert as road needs to be raised. Also, may want to
consider raising the invert 0.5 feet, which has inconsequential impact on the
flow and provides additional headspace.
This culvert was not restrictive until we improved the RR crossing location (3).
Replace with a 6’x6’ box culvert, and consider re-alignment of the culvert. As
currently situated, flow restrictions occur during larger events due to both the
size and orientation of the culvert to the approaching creek. Additionally, may
want to consider channel excavation and reconfiguration on the downstream
side of this crossing. Also, may want to consider raising the invert 0.5 feet,
which has inconsequential impact on the flow and provides additional
headspace.

2) Bound Brook at Bound Brook Is. Rd.

5

-3.3

-3.5

45

4.45

3) Bound Brook Remnant RR Crossing

N/A

N/A

N/A

30

N/A

Restore open channel
marsh plain, minimum
of 100 feet

3.5

N/A

4) Bound Brook at Old County Rd.

2

-2.1

-2.3

35

2.69

6’x6’ box culvert

2.5-3.0

3.7

5) Bound Brook at RR Crossing Culvert

2

-2.6

-2.6

80

N/A

6’x6’ box culvert

2.5-3.0

3.4
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On February 4, 2015, the Friends of Herring River hosted a Public Forum at the Wellfleet Council on
Aging between 6:00 pm and 9:00. The purpose of this "zero design" meeting was to hear and record
issues, concerns and questions from the public so these matters can be considered before and during
the design phase of this project. The project was present by both the Friends of Herring River and
Louis Berger. Below are issues, concerns and questions recorded during this meeting.
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Travel Lane and Shoulder Width
Bike Shoulders Would Be Preferred
Traffic Management/Counter
Power Lines/Utility Being Buried
Communicate Work Schedule
Dirt Road Access in Paradise Hollow
Minimize Visual Impact to Preserve Natural Beauty and “Country Road” Aesthetics
Horse Traffic Should be Considered
Proposed Road Improvements Should be Safe For All Users
One Way/Two Way Traffic Consideration
Motorcycles Currently Use the Road
Safety Should Be Factored into Future Design
Ice and Its Impacts on Proposed Culverts
Detour – Pole Dike Road Out To Route 6
Are There Traffic Counts For Pole Dike Road To Transfer Plan
Smooth Transition Between Existing Road and New Road
Is Lowering the Speed Limit a Possibility
Staging Area – To put In Canoes/Kayaks adjacent to the of Herring River
Audubon Uses Road Currently As Well As Hikers, Joggers
Traffic Control To Make Road Safer
Construction During Non-Summer Preferred
Availability of Survey Data To General Public For Review
Encourage Future Meetings With The Public
Show Existing & Proposed Road On Future Plans
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On June 24, 2015, the Friends of Herring River hosted a Public Forum at the Wellfleet Council on
Aging between 7:00 pm and 9:00 pm. The purpose of this meeting was to present the findings of the
recent field work completed (survey, wetland delineation, geotechnical investigation, conceptual
design) as well as to share out input from the last public meeting (February 4, 2015) was integrated
into the design. The project was present by both the Friends of Herring River and Louis Berger.
Below are issues, concerns and questions recorded during this meeting.
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Will the tax payers in Wellfleet and Truro be forced with paying for the project?
Would the town sand pit be impacted by the project?
What is the status of the low-lying property mitigation planning?
Would Federal grant need to be applied for on an annual basis?
If the current low-lying property mitigation planning effort is to protect structures, is there
any consideration given to low-lying land that would be flooded by the project?
Property Owner at 1200 Bound Brook Island Road currently maintains a hand pump well
for personal use as well as by neighbors during the event of a power outage. Would the use
of this well be impacted?
Would the project result in a “take” or condemnation of private property?
Is there a figure the FHR can provide to the public via their website which depicts what the
area tidal inundation will be on a daily basis as well as during larger costal events?
The Town of Wellfleet is in the process of conducting a large dredge project, could the
dredged material be used for elevating the roadways?
Has the Restoration Team considered utilizing the railroad bed as a detour route during
construction rather than having to close road segments?
When will there be funding available for the entire project, is there a chance that it could
start and not have enough funds to finish?
Has there been a prioritization as to which culverts should be replaced first?
What will be the vegetative composition throughout the floodplain following full opening of
the dike? What will it look like and how long will it take to transition between vegetative
communities?
Has the design factored in any pull offs on the side of the road to allow viewing of the
restored marsh?
Can the FHR provide a figure showing where guardrails are proposed?
9DOOH\6WUHHW%XLOGLQJ _3URYLGHQFH_5, __86$_7HO
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x Can there be protective measure implemented to prevent clogging of the tide gate on Pole
Dike Road?
x Can the rail embankment be used as a temporary road to minimize construction impacts?
x Can the rail embankment be used as alternative road to the current alignment?
x Will flooding of properties occur without permission as long as structures aren't impacted?
x Will the Pole Dike gate be opened right away?
x How long would each of the three construction phases take?
General Statements
The Restoration Team should considering removing the culvert from Lombard Hollow (north)
as historic oil painting depicts cows grazing in the area, so the assumption is the area was
historically dry.
Concerns were raised over the aesthetic impacts of the proposed gate structure on Pole Dike.
Questions were raised if the gate could be relocated to the rail embankment to minimize the
impacts.
Many expressed concerns over the potential need for guardrails on the project. Louis Berger
explained that MassDOT guidelines would require a guardrail on the majority of the alignment.
It was questioned if the MassDOT standards would apply. Because the study area is not as
MassDOT road, guardrails should not be used.
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Herring River Restoration Project

Appendix I: Final National Park Service / Massachusetts Historical Commission Programmatic Agreement

PROGRAMMATIC AGREEMENT AMONG THE MASSACHUSETTS
STATE HISTORIC PRESERVATION OFFICE, AND CAPE COD
NATIONAL SEASHORE
Regarding
The Identification and Resolution of Effects Upon Archeological Resources
Resulting From the Herring River Tidal Restoration Project
WHEREAS, the National Park Service (NPS) in 2008 entered into a Programmatic Agreement with
the Advisory Council on Historic Preservation (ACHP) and the National Conference of State
Historic Preservation Officers; and
WHEREAS, Cape Cod National Seashore (CACO), a unit of the National Park Service as a part of
the U. S. Department of the Interior, is a party to that Programmatic Agreement, and has stewardship
responsibilities for the natural and cultural resources within the lands comprising the CACO; and
WHEREAS, CACO, under terms of a Memorandum of Understanding, joined the towns of Truro
and Wellfleet, the U.S. Fish and Wildlife Service, the Natural Resources Conservation Service, the
National Atmospheric and Oceanic Administration, and the Massachusetts Division of Ecological
Restoration to form the Herring River Restoration Committee (HRRC); and
WHEREAS, CACO, as a partner in the HRRC, is planning to restore tidal exchange to the Herring
River estuary (the Herring River Tidal Restoration Project, hereafter referred to as the Undertaking),
located in the towns of Wellfleet and Truro, Massachusetts, and containing lands in federal,
municipal, and private ownership (36 CFR 800.16(y)); and
WHEREAS, the Memorandum of Understanding that established the HRRC identified NPS as lead
federal agency for purposes of National Environmental Policy Act (NEPA) and National Historic
Preservation Act compliance, and the towns as co-applicants under the Massachusetts
Environmental Policy Act (MEPA) and Cape Cod Commission Development of Regional Impact
(DRI) Review Process; and
WHEREAS, CACO and the HRRC desire to simultaneously comply with NEPA and Section 106 of
the National Historic Preservation Act (NHPA, specifically 36 CFR 800) through preparation of an
EIS; and
WHEREAS, the office of the Massachusetts State Historic Preservation Officer (SHPO) is reviewing
the Undertaking in compliance with applicable federal and state regulations; and
WHEREAS the Advisory Council on Historic Preservation (ACHP) and the federal recognized
Wampanoag Tribe of Gay Head (Aquinnah) and the federally recognized Mashpee Wampanoag
Tribe have been invited to consult on the Undertaking; and
WHEREAS, the Area of Potential Affect (APE) for the Undertaking is the portion of the project area
subject to restored tidal exchange in the Herring River estuary as simulated by a hydrodynamic
model developed by the Woods Hole Group, Inc. (WHG 2012), and designated upland areas where
construction-related impacts may occur, as designated on the attached Appendix A; and
WHEREAS, the potential remains for the presence of unidentified archeological resources that may
be eligible for the National Register of Historic Places within the APE for the Undertaking, and this
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programmatic agreement will guide the identification, evaluation, and protection processes for these
resources to comply with the requirements of the combined NEPA/NHPA process and
Massachusetts state regulations; and
NOW, THEREFORE, the SHPO and CACO agree that the project shall be implemented in
accordance with the following stipulations in order to take into account the effects of the
undertaking on the archeological resources of Herring River Basin.

STIPULATIONS
CACO shall ensure that the following measures are carried out:
1. Scaled existing and proposed conditions Project plans for the preferred alternative shall be
provided to all signatories for their review and comment as they are developed;
2. An intensive (locational) archaeological survey shall be conducted by a qualified
archaeological consultant meeting qualifications standards within the Secretary of the
Interior’s Standards and Guidelines for Archeology and Historic Preservation. The survey
will be performed within all archeologically sensitive portions of the Undertaking’s impact
area as defined within “Phase IA Archeological Background Research and Sensitivity
Assessment, Herring River Tidal Restoration Project, Cape Cod National Seashore, Towns of
Wellfleet and Truro, Barnstable County, Massachusetts. (PAL, Inc. 2011). This survey shall
meet all requirements for such an investigation stipulated within 950 CMR 70;
This investigation will be conducted under an Archaeological Resources Protection Act
(ARPA; 16 U.S.C. 470aa-mm and its regulations at 43 CFR 7) permit and a State
Archaeologist’s permit for intensive (locational) archaeological testing (950 CMR 70.11);
Prior to issuance of permits, detailed plans for the intensive (locational) archaeological
survey shall be developed in consultation among the CACO, SHPO, and, as appropriate,
consulting parties and will be implemented in areas of proposed ground disturbance prior to
any construction activities;
Archaeological collections recovered from NPS lands within the survey area will be
cataloged using NPS systems to Northeast Region standards and shall be curated at CACO;
materials recovered from non-federal public or private lands will remain state or private
property and will be cataloged and curated according to 950 CMR 70 guidelines.
The completion of intensive survey testing on private property will be contingent on
permission of the landowner.
If archaeological resources are identified, CACO shall apply the National Register Criteria of
Eligibility (36 CFR 60), and consult with the SHPO and THPOs to develop and implement a
plan, that may include archaeological site examination and/or archaeological data recovery,
to avoid, minimize, or mitigate any adverse effects to significant and National Register
eligible archaeological resources (36 CFR 800.4 -5).
3. CACO shall provide the SHPO and the THPOs with review copies of the technical report(s)
of all field and laboratory investigations (including monitoring) in accordance with the State
Archaeologist’s permit regulations (950 CMR 70) and according to a schedule to be specified
in the State Archaeologist’s permit application and technical proposal. The final technical
report will be prepared by the archeology contractor. To expedite the review process,
management summaries and end-of-field letters may be used to communicate the findings
for individual phases of the project. No ground disturbing activities will occur in areas
subject to archaeological investigations until the results for that area have been reviewed by
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the NPS, SHPO and THPO. Two copies of the final technical report(s), MHC archaeological
site inventory forms, and a CD-ROM with the report abstract and bibliographic information
will be submitted to the MHC for all technical reports produced as a result of the Project.
4. CACO shall ensure the performance of all archeological activities associated with that
portion of the design/build contractor’s construction work that relates to the stipulations in
this PA and to resource preservation. Personnel from the Northeast Region Archeology
Program (NRAP) will provide technical oversight to assist permitee in compliance with all
aspects of the ARPA and State Archeologists permits that will guide this investigation.
5. CACO shall insure compliance with NPS Management Policies and adherence to the policies
of the Secretary of the Interior’s Standards and Guidelines for Archeology and Historic
Preservation and to the NPS’s Cultural Resources Management Guidelines, Release 5, 1998.
CACO will coordinate all submissions to the SHPO for review and concurrence.
The Tribal Historic Preservation Officers (THPOs) of the Wampanoag Tribe of Gay HeadAquinnah and the Mashpee Wampanoag Tribe will be consulted on all ground disturbing
activities resulting from the restoration of the Herring River estuary and will be given the
opportunity to comment on the results of all archeological investigations and any prehistoric
and historic materials uncovered during archeological excavations. Ground disturbing
activities will be considered to include archeological testing, and THPOs will be given notice
of the initiation of testing work with adequate time to observe fieldwork.
6. SHPO Review Specifications
All submittals to the SHPO shall be in paper format and shall be delivered to the SHPO’s
office by US mail, by a delivery service, or by hand. Plans and specifications submitted to the
SHPO shall measure no larger than 11" × 17" paper format (unless another format is
specified in consultation). The SHPO shall review and comment on all adequately
documented project submittals within thirty (30) calendar days of receipt.
7. Post Review Discoveries
7a.
CACO shall notify SHPO, THPOs and signatories if previously unidentified
archaeological resources or if human remains are discovered during construction activities,
and shall cease all work at that location, and protect the location from further impacts.
CACO, SHPO, THPOs and signatories shall consult pursuant to 36 CFR 800.13. CACO shall
apply the National Register Criteria of Eligibility (36 CFR 60), and consult with the SHPO
and federally recognized Indian tribes that may attach religious or cultural significance to the
affected property to develop and implement a plan to identify and evaluate, and to avoid, or
mitigate any adverse effect to, the historic or archaeological property, or to the human
remains found on non-federal property consistent with the Native American Graves
Protection and Repatriation Act (NAGPRA, 25 U.S.C. 3001 et seq.),, and the Massachusetts
Unmarked Burial Law (Massachusetts General Laws, Chapter 38, § 6; Chapter 9, §§ 26A and
27C; and, Chapter 7, § 38A; all as amended) and in a manner consistent with the ACHP
“Policy Statement Regarding Treatment of Burial Sites, Human Remains and Funerary
Objects” (February 23, 2007; http://www.achp.gov/docs/hrpolicy0207.pdf).
7b. Any non-Native American human remains found on non-federal property shall be
treated in accordance with the Massachusetts Historical Commission “Policy and Guidelines
for Non-Native Human Remains Which Are Over 100 Years Old or Older,” and in a manner
consistent with the ACHP “Policy Statement Regarding Treatment of burial Sites, Human
Remains and Funerary Objects” (February 23, 2007;
http://www.achp.gov/docs/hrpolicy0207.pdf).

Final Environmental Impact Statement / Environmental Impact Report

I-5

Appendix I: Final National Park Service / Massachusetts Historical Commission Programmatic Agreement

8. Should disagreements arise between NPS and SHPO during the course of the undertaking or
implementation of this Programmatic Agreement, comments will be requested from the
ACHP.
9. Amendments. Any party to this PA may propose to CACO that this PA be amended,
whereupon CACO shall consult with the other parties to this PA to consider such an
amendment.
10. Termination
10A. If CACO determines that it cannot ensure implementation of the terms of this PA, or if
the SHPO determines that the PA is not being properly implemented, CACO or SHPO may
propose that this PA be terminated.
10B. The party proposing to terminate the PA shall so notify all parties to this PA, explaining
the reasons for termination and affording them at least thirty (30) days to consult and seek
alternatives to termination.
10C. If the terms of this PA have not been implemented by January 1, 2017, this PA shall be
considered null and void, and CACO, if it chooses to continue with its participation in the
restoration, shall re-initiate its review in accordance with 36 CFR 800.

Massachusetts State Historic Preservation Office:

Brona Simon, SHPO, Massachusetts Historical Commission

Date

Advisory Council on Historic Preservation:

Reid Nelson, Director, Office of Federal Agency Programs

Date

Cape Cod National Seashore:

George Price, Superintendent
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Draft MOU III
Herring River Restoration Project
December 22, 2015
The following is a list of acronyms used herein:
CCNS: Cape Cod National Seashore
CNR: Chequessett Neck Road
CRP: Conceptual Restoration Plan
DRP: Detailed Restoration Plan
FEIS/EIR: Final Environmental Impact Statement/Report
HREC: Herring River Executive Council
HRRC: Herring River Restoration Committee
MEPA: Massachusetts Environmental Policy Act
MOU: Memorandum of Understanding
NEPA: National Environmental Policy Act
NPS: National Park Service
This Memorandum of Understanding (MOU) is effective upon signature by and among
the National Park Service (NPS), a bureau of the United States Department of the
Interior, acting through the Superintendent of the Cape Cod National Seashore (CCNS),
and the Towns of Wellfleet and Truro, municipal corporations located in Barnstable
County, Massachusetts, acting through their Boards of Selectmen. The purpose of this
MOU is:
1) To ratify the Detailed Restoration Plan (DRP) set forth in the Final Environmental
Impact Statement/Report (FEIS/EIR) for the restoration of the Herring River estuary,
completed by the Herring River Restoration Committee (HRRC) pursuant to a previous
(November 2007) Memorandum of Understanding (referred to as MOU II) between NPS
and the Towns of Wellfleet and Truro;
2) To enable additional planning, engineering, funding, construction and implementation
of the agreed-upon restoration plan, using an Adaptive Management Plan, as set forth in
the FEIS/EIR.
3) To set forth the structure and responsibilities of an intergovernmental team to direct
the Restoration Project.
4) To generally describe the responsibilities of an independent organization which the
parties could engage to undertake specified activities in the restoration process.
WITNESSETH
WHEREAS, the National Park Service (hereinafter NPS) administers and manages the
Cape Cod National Seashore (hereinafter CCNS), located partially within the Towns of
Wellfleet and Truro (hereinafter “the Towns”) and including more than 800 acres within

the Herring River floodplain; and whereas CCNS is legally authorized by U.S.C. Sections
1-3, 459b-459b-8 as a unit of the National Park System to enter into memoranda of
understanding, and;
WHEREAS, the Town of Wellfleet maintains ownership of the Chequessett Neck Road
(CNR) Dike, which currently controls tidal flow to the Herring River system, and the
Town includes lands and waters within the Herring River estuary that may be affected by
the restoration of tidal flow through the Dike, and;
WHEREAS, the Town of Truro includes lands and waters within the Herring River
estuary that may be affected by the restoration of tidal flow through the Chequessett Neck
Road Dike, and;
WHEREAS, High Toss Road, which crosses the Herring River floodplain, is located
within Cape Cod National Seashore and is on land owned by the National Park Service,
while the Town of Wellfleet holds rights for public access across it and maintains the
road, and;
WHEREAS, the Town of Wellfleet and CCNS, pursuant to a (August 2005) MOU
(referred to as MOU I) worked together to determine that restoration of the natural
functions to the Herring River estuary is feasible and desirable, and to complete a
Conceptual Restoration Plan (CRP), which was accepted by both the Towns of Wellfleet
and Truro and CCNS pursuant to a second MOU (MOU II) executed in November 2007,
and;
WHEREAS, pursuant to MOU II, the Towns and CCNS agreed that it was imperative
that a Detailed Restoration Plan (DRP) be developed with continued public involvement
and, when completed, the DRP represent the full consensus of the three primary entities;
and whereas, the Towns and the CCNS agreed that alternatives analysis and public
involvement approaches of the Massachusetts Environmental Policy Act (MEPA) and the
National Environmental Policy Act (NEPA) would provide a mechanism for
accomplishing these objectives, and;
WHEREAS, pursuant to MOU II, the Towns and the CCNS organized an
interdisciplinary team, the Herring River Restoration Committee (hereinafter HRRC) to
develop a detailed and comprehensive plan for restoration of the estuary and directed the
Committee to:
a. Review the Herring River Conceptual Restoration Plan (CRP) accepted under
MOU II.
b. Review all scientific and engineering reports in support of the CRP;
c. Develop a Detailed Restoration Plan (DRP) that addresses environmental and
social concerns through an integrated MEPA/NEPA process of alternatives
analysis and public involvement;
d. Develop a Detailed Restoration Plan that is suitable for local, state and federal
permitting requirements of procedures;

e. Seek funding sources;
f. Inform the public on a regular basis through public meetings, reports or other
forms of outreach, in addition to the public process required by MEPA and
NEPA;
g. Produce a third MOU for the Towns’ and CCNS’s approval, agreeing to
collaborate on project implementation per the Detailed Restoration Plan;
h. Deliver products of the MEPA/NEPA process, and;
WHEREAS, the HRRC has developed a DRP that addresses environmental and social
concerns through an integrated MEPA/NEPA process of alternatives analysis and public
involvement procedures as set forth in the Final Environmental Impact Statement/Report,
and;
WHEREAS, the parties have determined that it is in the public interest to enter into this
Memorandum of Understanding setting forth a cooperative arrangement between the
parties for the next phase of the Herring River Restoration Project including additional
planning, engineering, funding, construction and implementation of the agreed-upon
Detailed Restoration Plan, using an Adaptive Management Plan, as set forth in the
FEIS/EIR, this phase to be known as the implementation phase, and;
WHEREAS, the implementation phase will continue for many years, but at some point in
time management responsibilities for tidal control infrastructure will be greatly reduced,
this phase to be known as the long-range phase;
NOW THEREFORE, in consideration of the foregoing, the Towns and the CCNS agree
as follows:
1. The Town of Wellfleet, the Town of Truro and CCNS hereby accept the Detailed
Restoration Plan, including the Preferred Alternative D as set forth in the Final
Environmental Impact Statement/Report, attached to this MOU. Implementation of the
Detailed Restoration Plan (including but not limited to operation of proposed tide gates at
Chequessett Neck Road, Mill Creek and Pole Dike Road) shall be in compliance with
federal, state, regional and local permits and the provisions of an approved Herring River
Adaptive Management Plan.
2. The Town of Wellfleet, the Town of Truro and CCNS agree to cooperate on
implementation of the Detailed Restoration Plan, as set forth below. Representatives of
the Town of Wellfleet, the Town of Truro and CCNS will form an intergovernmental
team to direct the Restoration Project consisting of the following elements:
a. The Towns and Cape Cod National Seashore shall form a Herring River
Executive Council (HREC) to: coordinate project implementation activities; serve
as a forum for establishing and providing policy direction; review and approve the
Adaptive Management Plan; monitor progress; and ensure compliance with laws,
policies and regulations of member towns and the CCNS, project permits and

agreements and other applicable legal regulations. The HREC shall meet quarterly
or as needed and shall consist of seven members as follows:
1) Two members of the Wellfleet Board of Selectmen and the Town
Administrator;
2) Two members of the Truro Board of Selectmen and the Town
Administrator;
3) The Superintendent of Cape Cod National Seashore or his/her
designee(s).
The HREC shall operate by consensus decision-making (agreement among the
two towns and CCNS), recognizing that the towns and Cape Cod National Seashore all
have obligations to their own established laws, policies and regulations. In the event that
there is dissent among the representatives of one of the towns, they shall determine
among themselves the town’s position. The HREC shall operate in Open Meetings
according to MGL Chapter 30A.
b. The Herring River Restoration Committee (HRRC) established in MOU II as an
interdisciplinary management team shall continue to exist and shall serve as an
advisory group to the HREC, with representation from the Towns of Wellfleet
and Truro, the Cape Cod National Seashore, Commonwealth of MA Division of
Ecological Restoration (DER), U.S. Fish and Wildlife Service (USFWS), U.S.
Natural Resources Conservation Service (NRCS) and the National Oceanic and
Atmospheric Administration (NOAA). The HRRC will:
1) Make project management and funding recommendations to the
Herring River Executive Council (HREC);
2) Direct and oversee approved elements of the Restoration Project, as set
forth in the FEIS/EIR and Restoration Project permits;
3) Provide planning, engineering, technical, operational and scientific
coordination for the Project.
c. The HREC and the HRRC will work with any regulatory oversight group as may
be established through federal, state and regional permitting processes.
d. The HREC may consult other individuals or organizations, as needed, such as
stakeholder groups and/or science advisors.
e. Any decision to modify or alter tide gate openings at Chequessett Neck Road,
Mill Creek and/or Pole Dike Road shall be made by the HREC, only after
receiving a recommendation from the HRRC. Such decisions must be in
compliance with federal, state, regional and local permits and the provisions of an
approved Herring River Adaptive Management Plan.
3. Through separate contracts for services and/or Cooperative Agreements, the Towns
and/or the CCNS may engage the services of an independent organization to undertake
some or all of the responsibilities and functions outlined below, in coordination with
HRRC:

a. Provide and manage professional level technical and administrative staff
necessary for the completion of all project elements;
b. Compete for, receive, and administer available project funding from state,
federal, and private sector sources;
c. Prepare and submit permit applications, ensure compliance with all permit
conditions, noticing requirements, and other environmental compliance obligations;
d. Prepare and advertise bid solicitation packages, manage and oversee
competitive bidding processes, select and manage contractors, oversee construction
activities, pay invoices, and comply with funder and contractor stipulations;
e. Facilitate agreements with affected landowners;
f. Conduct operations and maintenance of public infrastructure in cooperation
with the towns and CCNS as stipulated in any contract agreement(s);
g. Implement the adaptive management plan under the technical direction of
HRRC;
h. Perform public outreach and education activities.
4. The Town of Wellfleet, the Town of Truro and CCNS generally agree that the owners
of the underlying land should own the components of the new project infrastructure
during the implementation phase and for the long-term, as follows1:
a. Chequessett Neck Road (CNR) Bridge: The Town of Wellfleet should continue to own
the CNR dike/bridge.
b. Chequessett Neck Road Tide Gates: The Town of Wellfleet should own the new CNR
tide gates.
c. Mill Creek Dike: CCNS should own the new Mill Creek dike.
d. Mill Creek Tide Gates: CCNS should own the new Mill Creek tide gates.
e. High Toss Road: High Toss Road is within the NPS boundary and located on land
under federal ownership, with the Town of Wellfleet holding rights for public access. In
order to facilitate tidal flow, the parties agree in principle that the High Toss Road
causeway across the Herring River floodplain should be removed, while providing
facilities for non-vehicular access to Griffin Island, subject to final town approval.
f. High Toss culvert: CCNS should own and maintain any new culvert at High Toss Road.
Should the road be removed, no culvert would be needed.
g. Pole Dike Road: The Town of Wellfleet should continue to own Pole Dike Road. The
Herring River Restoration Project should fund the raising of the road.
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h. Pole Dike culvert/tide gate: If a tide gate is installed at Pole Dike Road, the Town of
Wellfleet should own the new tide gate.
i. Old County Road/culverts: The Town of Wellfleet should continue to own Old County
Road and its culverts. The Herring River Restoration Project should fund the raising of
the road and installation of new culverts.
j. Bound Brook Road/culverts: The Town of Wellfleet should continue to own Bound
Brook Road and its culverts. The Herring River Restoration Project should fund the
raising of the road and installation of new culverts.
5. The owners (i.e. the Towns and/or CCNS) of the different elements of Restoration
Project tide control infrastructure may wish to engage the services of an independent
management organization to construct, operate and maintain this infrastructure (such as
bridges, dikes, tide gates and culverts) during the implementation phase, or the owners
may wish to perform these functions in-house. Long-term, operation and maintenance
responsibilities should be the responsibility of the owner of each element of Project
infrastructure.
6. Funding
a. This Memorandum of Understanding and the obligations of the NPS hereunder shall
be subject to the availability of funding and staffing, and nothing contained herein shall
be construed as binding the NPS to expend in any one fiscal year any sum in excess of
appropriations made by Congress and administratively allocated for the purpose of this
Agreement for the fiscal year, or to involve the NPS in any contract or other obligation
for the further expenditure of money in excess of such appropriations or allocations.
b. This Memorandum of Understanding and the obligations of the Towns hereunder shall
be subject to the availability of funding and staff, and nothing herein shall be construed as
binding the Towns to expend in any one fiscal year any sums in excess of those
appropriated by Town Meeting and made administratively available for the purpose of
this Agreement for the fiscal year.
c. Each party shall bear its own costs associated with its participation in this
Memorandum of Understanding without reimbursement.
7. This Memorandum of Understanding and the obligations of the NPS hereunder are
subject to the laws, regulations and policies governing the NPS and CCNS whether now
in force or hereafter enacted or promulgated.
8. This Memorandum of Understanding and the obligations of the Towns hereunder are
subject to the laws, regulations, Town Meeting votes and policies governing the Towns,
whether now in force or hereafter enacted or promulgated.

9. No Member of, Delegate to, or Resident Commissioner in, Congress shall be admitted
to any share or part of this Agreement or to any benefit to arise therefrom, unless the
share or part or benefit is for the general benefit of a corporation or company.
10. No part of the money appropriated by any enactment of Congress shall, in the
absence of express authorization by Congress, be used directly or indirectly to pay for
any personal service, advertisement, telegram, telephone, letter, printed or written matter,
or other device, intended or designed to influence in any manner a Member of Congress,
a jurisdiction, or an official of any government, to favor, adopt, or oppose, by vote or
otherwise, any legislation, law, ratification, policy or appropriation, whether before or
after the introduction of any bill, measure, or resolution proposing such legislation, law,
ratification, policy or appropriation; but this shall not prevent officers or employees of the
United States or of its departments or agencies from communicating to Members of
Congress on the request of any such Member or official, at his request, or to Congress or
such official, through the proper official channels, requests for any legislation, law,
ratification, policy or appropriations which they deem necessary for the efficient conduct
of the public business, or from making any communication whose prohibition by this
section might, in the opinion of the Attorney General, violate the Constitution or interfere
with the conduct foreign policy, counter-intelligence, intelligence or national security
activities. Violations of this section shall constitute violations of section 1352(a) of title
31.
11. This Agreement contains the sole and entire agreement of the parties. No oral
representations of any nature form the basis of or may amend this Agreement.
12. Failure to enforce any provision of this Agreement by either party shall not constitute
waiver of that provision, nor a waiver of a claim for subsequent breach of the same type,
nor a waiver of any other term of this Agreement. The waiver of any provision must be
express and evidenced in writing.
13. This Memorandum of Understanding may be amended by a unanimous vote of all of
the participating parties. It shall remain in effect until superseded by a further MOU or
inter-municipal agreement(s) to implement its purposes.
IN WITNESS WHEREOF, the parties have cause this instrument to be executed by their
respective duly authorized representatives on the day and year indicated.
To be signed by:
Northeast Regional Director, National Park Service
Chair, Wellfleet Board of Selectmen, after a vote of approval by the Board of Selectmen
Chair, Truro Board of Selectmen, after a vote of approval by the Board of Selectmen



