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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.), 
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 

Figure ES-1.  Dike structure at the Chequessett Neck Road crossing. 
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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 



The Woods Hole Group, Inc. 

Herring River Hydrodynamic Modeling  2007-0081 
Final Comprehensive Report ES-3 June 2012 

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 

Figure ES-2.  Elevation data from photogrammetric survey collected 
in 2007.  Each red dot represents a data point. 
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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 
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 

Figure ES-3.  Water surface elevation data collected in 2010 from 
locations just upstream (red) and downstream (blue) of the dike. 
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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. 

 

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. 

Figure ES-4.  Detail of model grid showing bottom elevation contours and individual grid cells 
near the Chequessett Neck Road dike. 
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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, 
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the five most dominant modeled and 
measured tidal constituents are 
compared using both amplitude and 
phase. 

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. 

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

Figure ES-6.  Scatter plot comparing modeled and measured 
water surface elevation just upstream of High Toss Road. 
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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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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 

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). 

Figure ES-8.  Water surface elevation (WSE) results in the lower 
Herring River sub-basin for a range of opening widths at 
Chequessett Neck Road. 
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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. 

 
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 100-

year storm event water surface elevation to less than 7.5 feet NAVD88 throughout the 
system. 

 

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. 
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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 

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). 
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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 sub-
basin, 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. 
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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). 

 

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



The Woods Hole Group, Inc. 

Herring River Hydrodynamic Modeling  2007-0081 
Final Comprehensive Report ES-19 June 2012 

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 
the total amount of material 
mobilized and a significant portion 
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 
sediment deposited in Wellfleet 
Harbor would be less than 1 cm 
(approximately 0.76 cm).  As such, even using conservative assumptions, the potential sediment 
deposition thickness is minimal. 
 

Figure ES-12.  Suspended sediment particle tracking through a 
complete tidal cycle. 
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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 decision-
making process by explicitly linking the anticipated outcomes of management alternatives to well-
defined 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 large-
scale 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 

 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 sub-
objectives 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 Restore high tide 

Restore hydroperiod    

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 

Maximize marsh surface drainage Extent of ponded water at low tide EFDC hydrodynamic model Electronic water level data loggers in 
areas of predicted ponding 

Maximize marsh surface elevation    

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 
judgment/elicitation 

Soil sampling associated with marsh 
surface elevation monitoring sites 

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 

Maximize habitat quality for native 
estuarine animals 

   

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

USGS nutrient flux model5; expert 
judgment/elicitation informed by EFDC 
model 

Synoptic surface water quality 
monitoring at key locations 

Nekton Species composition of nekton 
community 

Published values; expert 
judgment/elicitation 

Nekton sampling at key locations 
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Sub-Objectives Performance Measures Predictions Monitoring 

Benthic community Species composition of benthic 
invertebrate community 

Published values; expert 
judgment/elicitation 

Benthic sampling at key locations 

Maximize connectivity for diadromous 
fish 

Flow velocity at culverts/crossings 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 

Minimize risk to public safety    

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 
to emergency response 

Expert judgment/elicitation Document change in response time for 
incidents 

Minimize adverse impacts to shellfish 
beds in harbor 

   

Minimize excess nitrogen export Ammonium concentration near 
aquaculture areas 

USGS nutrient model Surface water quality monitoring near 
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 

Minimize loss of privacy for abutting 
property owners 

Number of complaints Water surface elevations and 
vegetation change from models 

Documentation of incidents 

Maximize aesthetics    

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 
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Sub-Objectives Performance Measures Predictions Monitoring 

Minimize turbidity Turbidly, TSS EFDC hydrodynamic model with 
sediment module, coupled with MEM 

Continuous turbidity data logger; 
synoptic TSS grab samples 

Minimize community conflict 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 

Maximize recreational opportunities    

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 

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 Cost for monitoring Expert judgment/elicitation Project timeline/financial records 

Notes: 

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

BWN Bringing Wetlands to Market; TSS = total suspended solids 

1 Environmental Fluid Dynamics Code (Hamrick and Wu 1997) 

2  Marsh Equilibrium Model (Morris 2010) 

 

 

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

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

5  USGS Nutrient Model (Colman in prep.) 

6  BWM Wetland GHG Model (Abdul-Aziz and Ishtiaq 2015) 
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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 inter-
tidal 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 sub-
objectives 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 
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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 decision-
making 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 

Objectives 

Available Actions 

Tide Gates Vegetation Mgmt Sediment Mgmt Marsh Restoration Wildlife/Fish/Shellfish 

Improve Water 
Quality 

Chequessett Neck Road: 
Open fast (winter only) 

Apply herbicide to 
phragmites prior to 
flooding 

No action Breach and remove ditch 
spoil berms and other 
anthropogenic fill 

Supplement shellfish 
stocks 

Mill Creek and Pole Dike 
Creek Road: Open slow 
(winter only) 

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 
minimizing soil 
disturbance 

Oyster reef 
development 
(build/restore) 

Improve Fish 
Passage 

Chequessett Neck Road: 
Open fast 

Remove vegetation and 
dead material from 
channels and banks 

Time of year restrictions 
on all in-water activities 

Ensure there is a well-
defined channel 

Time of year restrictions 
on all in-water activities 

Adequate depth at all 
crossings, not just at tide 
gates 

Remove submerged 
aquatic vegetation 

   

Facilitate 
Sediment 
Accretion 

Phase I: Open on incoming 
tide, close tide gate at top 
of tide, hold for x amount 
of time to allow sediment 
to settle. Repeat as 
necessary 

Mechanically clear trees, 
but not shrubs; focus on 
areas impacted by tides 

Push spoil piles adjacent to 
channelized reaches into 
adjacent marsh by 
bulldozer 

Breach and remove ditch 
spoil berms and other 
anthropogenic fill 

No action 

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

 “Thin layer” deposition 
(hydraulic dredging and 
pumping) 

Restore connectivity of 
tidal creeks (construct 
channels) to all sub-
basins 

 

Phase III: Revert to routine 
tide management  

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

  

  Importation of materials 
from Wellfleet Harbor 
dredging 
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Objectives 

Available Actions 

Tide Gates Vegetation Mgmt Sediment Mgmt Marsh Restoration Wildlife/Fish/Shellfish 

Enhance 
Recreation 

Open fast – maximize 
access by kayak/canoe 

Mechanical – whole tree 
chipping 

No action Remove blockages and 
berms from tidal creeks 

No action 

 Place wrack in floodplain  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 

No action Dredge to maximize 
circulation and drainage 
within basin appropriate 
to the phase 

No action 

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 

   

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 
possible (according to 
EFDC model). Get to fully 
open and accept resulting 
subtidal areas (open water 
and inter-tidal mud flats). 

Manage as necessary to 
support connectivity and 
circulate flow 

Use dredged material to 
raise fringe areas of 
subsided areas in mid-
basin 

Manage channels as 
necessary to support 
connectivity and circulate 
flow 

No action 

Minimize Cost Open gates as quickly as 
possible (according to 
EFDC model). Get to fully 
Open and Accept 
Resulting subtidal areas 
(open water and inter-
tidal mud flats). 

Manage as necessary to 
support connectivity and 
circulate flow 

Use dredged material to 
raise fringe areas of 
subsided areas in mid-
basin 

Manage channels as 
necessary to support 
connectivity and circulate 
flow 

No action 

Note: Available management alternatives are combined into “portfolios” of actions that best achieve specific project objectives. 



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

Final Environmental Impact Statement / Environmental Impact Report C-33 

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 

Model 
Type Model 

Parameters 
Simulated/Output Input Data Requirements Typical Scenarios 

Level of 
Complexity 

H
yd

ro
d

yn
am

ic
/W

at
er

 Q
u

al
it

y/
Se

d
im

en
t 

Tr
an

sp
o

rt
 

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-QUAL-
ICM) 

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 vertically-
stratified 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 

La
n

d
sc

ap
e/

V
eg

et
at

iv
e 

C
o

ve
r 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 

Parameters 
Simulated/Output Input Data Requirements Typical Scenarios 

Level of 
Complexity 

Everglades 
Landscape Model 
(ELM v2.8.4) 

 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 

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

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

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

Numerical / 
analytical 

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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Model 
Type Model 

Parameters 
Simulated/Output Input Data Requirements Typical Scenarios 

Level of 
Complexity 

Es
tu

ar
y 

Fa
u

n
a 

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 

St
at

is
ti

ca
l 

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 trade-
off 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 
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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 trade-
off 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 decision-
making 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: 

 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 decision-
making 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 
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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 post-
construction 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 1500-
1508) (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. 95-
250, 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 (10  × 10 ) 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. 
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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 6-
foot 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 low-
lying 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 well-
oxygenated 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 sub-
basin, 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 WITH IDENTIFIED EFH IN BLOCK NUMBER 4150700 

Species Scientific Name  Eggs Larvae Juveniles Adults 

Atlantic cod Gadus morhua X X X X 

Haddock 
Melanogrammus 
aeglefinus X X   

Pollock Pollachiius virens     

Whiting Merluccius bilinearis X X 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  
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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  X  X 

Atlantic mackerel Scombrer scombrus     

Summer flounder Paralicthys dentatus     

Scup Stenotomus chrysops n/a n/a   

Black sea bass Centropristus striata n/a   X 

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    X 

Bluefin tuna Thunnus thynnus   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. 



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

Final Environmental Impact Statement / Environmental Impact Report F-11 

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. 
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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 1-
plus 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 



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

Final Environmental Impact Statement / Environmental Impact Report F-15 

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 1968-
1969 (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 short-
term. 

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 short-
term. 

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 short-
term. 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 sub-
basins, 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 Best Management Practices 
CYCC Chequessett Yacht and Country Club 
DO dissolved oxygen 
EFH Essential Fish Habitat 
MA DMF Massachusetts Division of Marine Fisheries 
NEPA National Environmental Policy Act 
NEFMC New England Fishery Management Council 
NMFS National Oceanic and Atmospheric Administration National Marine Fisheries 

Service 
ppt parts per thousand 
TSS 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 MAP 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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Source: NPS, 2011. 

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

FIGURE 3. CURRENT LEVEL OF TIDAL INUNDATION IN THE HERRING RIVER FLOODPLAIN

Coastal Storm Surge
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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.  

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). 

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. 
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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.  

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. 

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

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.). Cattail-
dominated 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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Source: The Louis Berger Group, Inc., 2012. 

FIGURE 4: HERRING RIVER SUB-BASIN MAP
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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 NWI Cover Types Existing Acreage 

Wet deciduous forest 

PFO 

75 
Dry deciduous forest 7 
Pine woodland 26 
Dry deciduous woodland 231 

Total PFO 339 
Wet shrubland 

PSS 
288 

Dry shrubland 1 
Total PSS 289 

Old field herbaceous mix 

PEM 

18 
Freshwater marsh (non-tidal) 172 
Freshwater marsh (tidal) 0 

Total PEM 190 
Brackish marsh (tidal) 

E2EM1 
36 

Salt marsh (tidal) 13 
Total E2EM1 49 

Total All Wetland Classes   867 
Water (tidal) 

E1AB 
94 

Total E1AB 94 
Heathland 

UPL 

20 
Dune grassland 1 
Developed 24 

Total UPL 45 
Total All Non-Wetland Classes   139 

Project Area Total Acres   1006 
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FIGURE 5: EXISTING VEGETATION COVER TYPES USING 2007 NPS VEGETATION MAPPING DATA

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

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. Flood-
proofing measures would be required for Mill Creek (e.g., golf course and private dwelling flood-
proofing 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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Source: The Louis Berger Group, Inc., 2012. 

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 inter-
tidal 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 

Notes 

Wet deciduous forest 

PFO 

75 0 
Of 339 acres of PFO,  337 acres 
will be  converted to E2EM1 and 2 
acres will remain unchanged 

Dry deciduous forest 7 0 
Pine woodland 26 2 
Dry deciduous woodland 231 0 

Total PFO 339 2 
Wet shrubland 

PSS 

288 67 Of 289 acres of PSS,  195 acres will 
be converted to E2EM1, 27 acres 
to PEM, and 67 acres will remain 
unchanged 

Dry shrubland 1 0 

Total PSS 289 67 

Old field herbaceous mix 

PEM 

18 0 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.  

Freshwater marsh (non-tidal) 172 57 
Freshwater marsh (tidal) 0 99 

Total PEM 190 156 

Brackish marsh (tidal) 

E2EM1 

36 98 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).  

Salt marsh (tidal) 13 585 

Total E2EM1 49 683 

Total All Wetland Classes   867 908 
41 acre increase in all wetland 
classes 

Water (tidal) 
E1AB 

94 86 Of 94 acres of E1AB, 8 acres will 
be converted to E2EM1. Total E1AB 94 86 

Heathland 

UPL 

20 0 Of 45 acres of UPL, including 12 
acres now developed as golf 
course, 33 acres will be converted 
to E2EM1.  

Dune grassland 1 0 
Developed 24 12 

Total UPL 45 12 
Total All Non-Wetland Classes   139 98   

Project Area Total Acres   1006 1006   
* Alt. D = “Preferred Alternative” 

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

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

Basin /Sub-basin Alternatives
Residence Time 

(days)

Improved Flushing 
over Existing 
Conditions

Mill Creek with 
Wellfleet Harbor

No Action 523

D** 17.7 97%

Sub-Basins above 
High Toss Road with 
Wellfleet Harbor

No Action 200

D** 6 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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 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.

9. 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 short-
lived. 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.
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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
Construction footprint for coffer dam, 
dewatering, etc.

1.00 acre
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
Construction footprint for coffer dam, 
dewatering, etc.

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

Final dike 
design will 
determine total 
acreage..

High Toss 
Road

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

0.30 acres
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.

Option to 
elevate used for 
acreage 
estimate for all 
alternatives.

Pole 
Dike/Bound 
Brook Island 
Roads

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

2.27 acres
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.

Independent of 
alternatives.
Option to 
elevate above 
coastal storm 
surge used for 
estimate. 

CYCC Golf 
Course

8.25 acres
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. 

Applies to 
alternatives B 
and D 

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.  

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
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.

12.1 acres
Predicted long-term deep water and 
wetland disturbance for dike(s), road 
elevation, or realignment, and culvert 
installation.

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) 



Wetlands and Floodplains Statement of Findings  34 of 36 Herring River Restoration Project 

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



Pole Dike Road Annual High 
Water Conditions

Pole Dike Road 
Annual High Water Conditions
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Storm Conditions
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100-Year Storm Conditions



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



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

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



DRAFT COST COMPARISON

Roadway Annual 3’ 
gate

Annual 10’ 
gate

100 Year 3’ 
gate

100 Year 
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 $3,330,000 $3,515,000 $3,835,000 $4,295,000
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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 
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 Observation Plot Number: B13 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Maianthemum canadense 10   100   Yes   FACU

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Clethra alnifolia*  50   91   Yes   FAC
Frangula alnus*   <5   9   No   FAC
    55

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Acer rubrum   35   78   Yes   FAC
Quercus rubra   10   22   Yes   FACU
    45

* 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    
  

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   Matrix Color Mottles Color
   0-3”  10YR 2/2
   3-9”  10YR 4/3
   9-18”  10YR 4/6   
   

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X __    _ __

Wetland hydrology present:
  

Hydric soil present    _ _   _X_ _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: B13 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Osmunda cinnamomea*   15   50   Yes   FACW
Maianthemum canadense 15   50   Yes   FACU  
    30    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Clethra alnifolia*  30   60   Yes   FAC
Rhododendron viscosum* 20   40   Yes   FACW 
    50

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Acer rubrum*   40   80   Yes   FAC
Quercus rubra   10   20   Yes   FACU  
    50

* 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    
  

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   Matrix Color Mottles Color
  0-3”  10YR 2/2
  3-9”  10YR 2/1
  9-18”  2.5Y 5/2 10YR 4/3 (10% redox)
  
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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

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: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ ____                  _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: C50 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Vaccinium angustifolium  50   63   Yes   FACU
Gaylussacia baccata  30   37   Yes   FACU
    80    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus alba   <5   50   Yes   FACU
Frangula alnus*   <5   50   Yes   FAC
    10

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus rubra   55   100   Yes   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



Section II. Indicators of Hydrology    
  

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: 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   Matrix Color Mottles Color
   0-3”  10YR 2/2
   3-12”  10YR 6/2   
   12-18”   7.5Y 4/6

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _ X__

Wetland hydrology present:
  

Hydric soil present    _ X _   __ _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: C50 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover  Percent Cover Percent Dominance  Dominant Plant  Wetland Indicator Status
Maianthemum canadense 5  100   Yes   FACU  
        
Shrubs   Percent Cover Percent Dominance  Dominant Plant  Wetland Indicator Status
Viburnum dentatum*  10  33   Yes   FAC
Frangula alnus*  10  33   Yes   FAC
Ilex verticillata*  5  17   No   FACW 
Prunus serotina  5  17   No   FACU 
   30

Trees   Percent Cover Percent Dominance  Dominant Plant  Wetland Indicator Status
Quercus rubra  20  67   Yes   FACU
Betula populifolia*  10  33   Yes   FAC

  30

Vines   Percent Cover Percent Dominance  Dominant Plant  Wetland Indicator Status
Toxicodendron radicans* 5  33   Yes   FAC    
Smilax rotundifolia*  5  33   Yes   FAC
Parthenocissus quinquefolia <5  33   Yes   FACU

  15

* 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



Section II. Indicators of Hydrology    
  

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: 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   Matrix Color Mottles Color
  0-6”  10YR 3/2
  6-18”  2.5YR 4/2 2.5Y 3/3 (20% pore linings)

  
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _ ____                  _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: D1 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Vaccinium angustifolium  40   33   Yes   FACU
Carex pensylvanica  5   33   Yes   NI
    45    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Frangula alnus*   10   100   Yes   FAC

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus rubra   40   100   Yes   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-2”  10YR 3/2
   2-8”  10YR 6/3   
   8-18”  10YR 4/5  

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _ X__

Wetland hydrology present:
  

Hydric soil present    _  __   __X _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: D1 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Trientalis borealis*    5   50   Yes   FAC
Quercus rubra   <5   50   Yes   FACU  
    10    

Shrubs    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Ilex verticillata*   15   33   Yes   FACW
Vaccinium corymbosum*  10   22   Yes   FACW
Viburnum dentatum*   10   22   Yes   FAC
Prunus serotina   <5   11   No   FACU 
Frangula alnus*   <5   11   No   FAC
    45

Trees    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Betula populifolia*   30   67   Yes   FAC  
Acer rubrum*   15   33   Yes   FAC
    45

Vines    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Toxicodendron radicans*  <5   --   No   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: 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    
  

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   Matrix Color Mottles Color
   0-3”  10YR 3/2
   3-15”  2.5YR 5/3
   15-18”+  5Y 4/2   
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: __Present throughout____________

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

Other: _ geomorphic position ____                  _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ __   __X__ 

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: F16 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Vaccinium angustifolium  5   100   Yes   FACU
      

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Gaylussacia baccata  20   57   Yes   FACU
Frangula alnus*   10   29   Yes   FAC
Morella pensylvanica*  5   14   No   FAC
    35

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus alba   35   100   Yes   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    
  

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   Matrix Color Mottles Color
   0-3”  10YR 2/2
   3-18”  10YR 4/6   
   

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _ X__

Wetland hydrology present:
  

Hydric soil present    _ _   _X_ _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: F16 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

     
Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Gaylussacia baccata  10   100   Yes   FACU

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Ilex verticillata*   20   67   Yes   FACW
Prunus serotina   5   17   No   FACU
Frangula alnus*   <5   17   No   FAC
    30

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus rubra   15   100   Yes   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
  0-6”  10YR 2/2   
  6-18”+  10YR 4/3  10YR 3/3 (15% pore linings)

Remarks:  Peat layer present at 6 inches

3. Other: 

Conclusion: Is soil hydric? yes   no

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

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: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ ____                  _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   ___    _X__

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: G1 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

   

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Clethra alnifolia*  50   91   Yes   FAC
Frangula alnus*   5   9   No   FAC
    55

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus rubra   60   100   Yes   FACU

Vines    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Toxicodendron radicans* <5   --   No   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-2”  10YR 2/2
   2-14”  10YR 6/2   
   8-18”  10YR 4/5  

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    _ __

Wetland hydrology present:
  

Hydric soil present    _X__   __ _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: G1 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Maianthemum canadense 5   50   Yes   FACU
Trientalis borealis*  5   50   Yes   FAC
    10    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Viburnum dentatum*  35   50   Yes   FAC
Ilex verticillata*   30   43   Yes   FACW
Amelanchier arborea  <5   7   No   FACU 

Vines    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Toxicodendron radicans  <5   --   No   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
  0-4”  10YR 2/2   
  4-12”  2.5YR 2/2 2.5YR 5/2 (5% Depletions)  
  12-18”  2.5YR 5/2 10YR 4/2 (10% Pore linings)

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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

Site Inundated: _ _______

Depth to free water in observation hole: __10 inches _____

Depth to soil saturation in observation hole: _ ___

Water marks: ____________________________________

Drift lines: _______________________________________

Sediment Deposits: ________________________________

Drainage patterns in BVW: __________________________

Oxidized rhizospheres: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ ____                  _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: H95 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Rubus flagellaris  5   33   Yes   FACU
Lonicera sp.   5   33   Yes   n/a
Carex pensylvanica  <5   33   Yes   NI
    15    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Prunus serotina   35   58   Yes   FACU
Viburnum dentatum*  25   42   Yes   FAC
    60

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus velutina  25   50   Yes   NI
Pinus rigida   25   50   Yes   FACU
    50

* 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    
  

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   Matrix Color Mottles Color
   0-4”  10YR 3/2
   4-18”  10YR 3/4   
   

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _ X__

Wetland hydrology present:
  

Hydric soil present    _ _   _X_ _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: H95 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Osmunda cinnamomea*   15   43   Yes   FACW
Sphagnum sp.*   10   29   Yes   OBL
Onoclea sensibilis*  5   14   No   n/a
Typha angustifolia*  <5   14   No   OBL  
    35    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Rosa palustris*   15   33   Yes   OBL
Rhus typhina   10   22   Yes   NI
Viburnum dentatum*  10   22   Yes   FAC
Spiraea tomentosa*  5   11   No   FACW 
Frangula alnus*   <5   11   No   FAC
    45

* 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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-18”  2.5Y 3/2   
     

Remarks:  Peat layer/sulfur odor present

3. Other: 

Conclusion: Is soil hydric? yes   no

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

Site Inundated: _Surface water present                _______

Depth to free water in observation hole: __4 inches _____

Depth to soil saturation in observation hole: _0 inches ___

Water marks: ____________________________________

Drift lines: _______________________________________

Sediment Deposits: ________________________________

Drainage patterns in BVW: __________________________

Oxidized rhizospheres: _____________________________

Water-stained leaves: __Present throughout____________

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

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

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: I2 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Gaylussacia baccata  15   75   Yes   FACU
Vaccinium angustifolium  5   25   Yes   FACU
    20    

Shrubs    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Vaccinium corymbosum*  5   25   Yes   FACW 
Frangula alnus*   <5   25   Yes   FAC
Quercus rubra   <5   25   Yes   FACU
Rhododendron viscosum*  <5   25   Yes   FACW
    20

Trees    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Quercus rubra   40   80   Yes   FACU
Pinus rigida   5   10   No   FACU  
Quercus alba   5   10   No   FACU
    50

Vines    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Smilax rotundifolia*   30   100   Yes   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: 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    
  

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   Matrix Color Mottles Color
   0-2”  10YR 3/2
   2-16”  2.5Y 5/3   
   16-18”  5Y 4/4  

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _ X__

Wetland hydrology present:
  

Hydric soil present    _  __   __X _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: I2 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

    
Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Clethra alnifolia*  50   77   Yes   FAC
Rhododendron viscosum* 10   15   No   FACW
Betula populifolia*  <5   8   No   FAC
    65

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Acer rubrum*   40   100   Yes   FAC

Vines    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Smilax rotundifolia*  50   100   Yes   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-18”  10YR 3/2   
     

Remarks:  Peat layer present

3. Other: 

Conclusion: Is soil hydric? yes   no

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

Site Inundated: _ _______

Depth to free water in observation hole: __9 inches _____

Depth to soil saturation in observation hole: _2 inches ___

Water marks: ____________________________________

Drift lines: _______________________________________

Sediment Deposits: ________________________________

Drainage patterns in BVW: __________________________

Oxidized rhizospheres: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ Geomorphic position in landscape                  ___________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: J2 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

    
Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Prunus maritima  5   33   Yes   NI
Frangula alnus*   5   33   Yes   FAC
Prunus serotina   <5   33   Yes   FACU 
    15

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Pinus rigida    30   55   Yes   FACU
Quercus rubra   15   27   Yes   FACU
Quercus alba   10   18   No   FACU
    55

* 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    
  

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   Matrix Color Mottles Color
   0-3”  10YR 6/2
   3-18”  10YR 4/4   
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _ ____                  _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _X__

Wetland hydrology present:
  

Hydric soil present    _ __   __X__

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: J2 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Carex stricta   <5   --   No   OBL  
        
Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Viburnum dentatum*  15   60   Yes   FAC 
Acer rubrum*   5   20   Yes   FAC 
Vaccinium corymbosum*  <5   20   Yes   FACW 
    25

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Nyssa sylvatica*   20   67   Yes   FAC 
Quercus rubra   10   33   Yes   FACU
    30

Vines    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Smilax rotundifolia  <5   --   No   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
  0-3”  10YR 2/1   
  3-18”  10YR 3/3 2.5Y 3/3 (20% pore linings)
   

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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

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: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ ____                  _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: L1 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Gaylussacia baccata  5   33   Yes   FACU
Viburnum dentatum*  <5   33   Yes   FAC  
Vaccinium angustifolium  <5    33   Yes   FACU
    <15    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus rubra   10   50   Yes   FACU 
Frangula alnus*   5   25   Yes   FAC
Viburnum dentatum*  5   25   Yes   FAC
    20

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Quercus rubra   25   71   Yes   FACU
Robinia pseudoacacia  <5   14   No   FACU
Pinus rigida   <5   14   No   FACU
    35
* 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    
  

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   Matrix Color Mottles Color
   0-3”  10YR 3/2   
   3-18”  10YR 4/6
   

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                           ____                ________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _X__ 

Wetland hydrology present:
  

Hydric soil present    _ _ _   __X__ 

Other indicators of hydrology present  __  _   __X__ 

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 
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 Observation Plot Number: L1 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Sphagnum sp.*   10   67   Yes   n/a
Carex stricta*   5   33   Yes   OBL  
    15    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Lyonia ligustrina*  25   71   Yes   FACW
Vaccinium corymbosum* 10   29   Yes   FACW 
    35

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Acer rubrum*   35   100   Yes   FAC
     
Vine    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Smilax rotundifolia*  5   100   Yes   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-2”  10YR 2/1   
   2-18”  2.5Y 5/3 
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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

Site Inundated: _Standing 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: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ Inundation visible on aerial imagery, microtopography 
present____                ________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ __   __X__

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: N11 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Quercus rubra   5   50   Yes   FACU 
Carex pensylvanica   5   50   Yes   NI
    10    

Shrubs    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Quercus rubra   15   38   Yes   FACU 
Rhododendron viscosum*  10   25   Yes   FACW 
Amelanchier arborea  5   12.5   No   FACU
Viburnum dentatum*  5   12.5   No   FAC
Vaccinium corymbosum*  5   12.5   No   FACW
    40 

Trees    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Quercus rubra   15   75   Yes   FACU
Robinia pseudoacacia  5   25   Yes   FACU
    20

Vines    Percent Cover  Percent Dominance  Dominant Plant  Wetland Indicator Status
Smilax rotundifolia*   <5   --   No   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: 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    
  

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   Matrix Color Mottles Color
   0-6”  10YR 3/3 
   6-18”  10YR 4/6 
     
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ _    _X _ 

Wetland hydrology present:
  

Hydric soil present    _  __   __X _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: N11 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Onoclea sensibilis*  20   57   Yes   FACW 
Parthenocissus quinquefolia 10   29   Yes   FACU  
Viburnum dentatum*  <5   14   No   FAC
    <35    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Lyonia ligustrina*  30   55   Yes   FACW
Rhododendron viscosum* 20   36   Yes   FACW
Clethra alnifolia*  5   9   No   FAC
    55

Vines    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Smilax rotundifolia*  20   100   Yes   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-18”  10YR 2/1   
    

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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

Site Inundated: _Surface water present                                       

Depth to free water in observation hole: _______

Depth to soil saturation in observation hole: _1 inch     ___

Water marks: ____________________________________

Drift lines: _______________________________________

Sediment Deposits: ________________________________

Drainage patterns in BVW: __________________________

Oxidized rhizospheres: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ Saturation visible on aerial imagery, limited 
microtopography________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: O6 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Vaccinium angustifolium  15   60   Yes   FACU
Quercus rubra   5   20   Yes   FACU
Kalmia angustifolia*  <5   20   Yes   FAC
    25    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Gaylussacia baccata  15   60   Yes   FACU
Clethra alnifolia*  10   40   Yes   FAC
    25

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Pinus rigida   25   100   Yes   FACU
    25

* 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    
  

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   Matrix Color Mottles Color
   0-2”  10YR 3/1 
   2-12”  10YR 4/3
   12-18” 10YR 4/6
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ __    _ X__

Wetland hydrology present:
  

Hydric soil present    _  __   __X _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: O6 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

  

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Clethra alnifolia *  80   100   Yes   FAC
    80

* 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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-4”  10YR 2/2   
   4-18”  2.5Y 5/3  

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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

Site Inundated: _Surface water present                _______

Depth to free water in observation hole: __6 inches _____

Depth to soil saturation in observation hole: _2 inches ___

Water marks: ____________________________________

Drift lines: _______________________________________

Sediment Deposits: ________________________________

Drainage patterns in BVW: __________________________

Oxidized rhizospheres: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ Geomorphic position in landscape _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ __   __X__ 

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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 
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 Observation Plot Number: P2 Transect Number: Upland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Trientalis borealis*  10   67   Yes   FAC
Convallaria majalis  5   33   Yes   NI
    15    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Vaccinium corymbosum* 30   67   Yes   FACW 
Viburnum dentatum*  15   33   Yes   FAC
    45 

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Prunus serotina   5   100   Yes   FACU
    5 

* 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    
  

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   Matrix Color Mottles Color
   0-6”  10YR 3/2 
   6-18”  10YR 4/4 
     
     

Remarks:   

3. Other: 

Conclusion: Is soil hydric? yes   no

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: _                                                                     _______________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _ X _    _ __

Wetland hydrology present:
  

Hydric soil present    _  __   __X _ 

Other indicators of hydrology present  __ _   __X__

Sample location is in a BVW    __ __   __X__

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 
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 Observation Plot Number: P2 Transect Number: Wetland Date of Delineation: 5/13/2015
A. Sample Layer & Plant Species 
(by common/scientific name)

B. Percent Cover 
(or basal Area)

C. Percent 
Dominance

D. Dominant Plant (yes or no) E. Wetland Indicator Category*

Groundcover   Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Maianthemum canadense <5   50   Yes   FACU
Convallaria majalis  <5   50   Yes   NI  
    <10    

Shrubs    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Ilex verticillata*   15   33   Yes   FACW
Vaccinium corymbosum* 15   33   Yes   FACW
Clethra alnifolia *  10   22   Yes   FAC
Viburnum dentatum*  5   11   No   FACW 
    45

Trees    Percent Cover  Percent Dominance Dominant Plant  Wetland Indicator Status
Prunus serotina   <5   --   No   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



Section II. Indicators of Hydrology    
  

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   Matrix Color Mottles Color
   0-2”  10YR 2/2   
   2-16”  2.5Y 5/2
   16-18”+  10YR 2/1  

Remarks:  Decomposed peat layer at 16”

3. Other: 

Conclusion: Is soil hydric? yes   no

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

Site Inundated: _                                                   _______

Depth to free water in observation hole: __8 inches _____

Depth to soil saturation in observation hole: _1 inch     ___

Water marks: ____________________________________

Drift lines: _______________________________________

Sediment Deposits: ________________________________

Drainage patterns in BVW: __________________________

Oxidized rhizospheres: _____________________________

Water-stained leaves: __Present throughout____________

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

Other: _ Saturation visible on aerial imagery____                ________

Vegetation and Hydrology Conclusion
       Yes   No

Number of wetland indicator plants
> # of non-wetland indicator plants   _X__    ____

Wetland hydrology present:
  

Hydric soil present    _ X__   _____

Other indicators of hydrology present  __X_   _____

Sample location is in a BVW    __X__   _____

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































166 Valley Street, Building 5  |  Providence |  RI |  02909  |  USA |  Tel +1.401.521.5980 

louisberger .com

Memorandum
DATE:  18 February 2015 

TO:   Donald Palladino and Martha Rheinhardt, Friends of Herring River 
   Steve Block, NOAA Restoration Center 
FROM:   Chris Feeney, Louis Berger 

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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louisberger .com

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 
Existing 
Culvert 
(inches) 

Invert 
Elevation 

(ft) 
NAVD88 

Existing 
Road 

Elevation 
(ft) 

NAVD88 

Proposed 
Culvert 

(Width (ft) 
by Height 

(ft) 

Invert 
Elevation  

(ft) 
NAVD88 

Crown 
Elevation 

(ft) 
NAVD88 

Annual 
High 

Water (ft) 
NAVD88 

Storm of 
Record  

(ft) 
NAVD88 

Old County 
Rd  Lombard 
Hollow (N) 

Unknown Unknown < 4 TBD TBD TBD 2.85 3.72 

Old County 
Rd -Lombard 
Hollow (S) 

Unknown Unknown 3 TBD TBD TBD 2.85 3.71 

Old County 
Rd. Paradise 
Hollow 

8 Unknown <4 TBD TBD TBD 4.13 5.55 

Bound 
Brook Island 
Rd at Bound 
Brook 

24 -2.3 2.69 6 by 6 -2.3 3.7 4.11 5.53 

Bound 
Brook Island 
Rd at 
Herring 
River 

60 -3.5 4.45 6 by 8 -3.5 4.5 4.73 6.44 

Pole Dike Rd 36 -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 18-
inch 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.    
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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.



166 Valley Street, Building 5  |  Providence  |  RI |  02909  |  USA  |  Tel +1.401.521.5980 

louisberger .com

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 right-
of-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.  
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Location Existing Infrastructure Information  Proposed 
Culvert 

DIA.  
(ft) 

Upstream 
Culvert Invert  
(ft-NAVD88) 

Downstream 
Culvert Invert  
(ft–NAVD88) 

Approx. 
Length 

(ft) 

Existing Road 
Elevation at 

Crossing 
(ft-NAVD88) 

Proposed Replacement 
Culvert or Opening 

Fully restored 
approx. MHWS  

(ft–NAVD88) 

Proposed Culvert 
Obvert 

(ft-NAVD88) 

Notes 

Herring River at Bound Brook Is. Rd. 5 -3.3 -3.5 45 4.45 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. 

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 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. 

Bound Brook at Old County Rd. 2 -2.1 -2.3 35 2.69 6’x6’ box culvert 2.5-3.0 3.7 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. 

Bound Brook at RR Crossing Culvert 2 -2.6 -2.6 80 N/A 6’x6’ box culvert 2.5-3.0 3.4 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. 

 



 

Location Existing Infrastructure Information  Proposed 
Culvert 

DIA.  
(ft) 

Upstream 
Culvert Invert  
(ft-NAVD88) 

Downstream 
Culvert Invert  
(ft–NAVD88) 

Approx. 
Length 

(ft) 

Existing Road 
Elevation at 

Crossing 
(ft-NAVD88) 

Proposed Replacement 
Culvert or Opening 

Fully restored 
approx. MHWS  

(ft–NAVD88) 

Proposed Culvert 
Obvert 

(ft-NAVD88) 

Notes 

1) Pole Dike Creek at Pole Dike Rd. 3 -1.0 -1.3 45 4.67 Minimum of 7’x8’ box 
culvert for safety.  4’x8’ 

is adequate for flow 

4.8 5.7 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. 

2) Bound Brook at Bound Brook Is. Rd. 5 -3.3 -3.5 45 4.45 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. 

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 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. 

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 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. 

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 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. 
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Location
Existing Culvert

(size)
Proposed Culvert

(size)
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2.4 REGIONAL GEOLOGY OF THE PROJECT AREA 

Geologic Map of Cape Cod and the Islands, Massachusetts,1

2.5 SUBSURFACE CONDITIONS 

•

•

•

STRATUM 1:FILL 

1 Geologic Map of Cape Cod and the Islands, Massachusett



STRATUM 2: SAND WITH ORGANICS (SP, SM, LOCALLY MIXED WITH MH, AND 
PT)2 

STRATUM 3: SAND (SPAND SM) 

2.6 GROUNDWATER CONDITIONS 
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3.1 GENERAL 
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NEW EMBANKMENT FOR GRADE CHANGE 



SUBGRADE PREPARATION FOR THE NEW CULVERTS  
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Geotechnical Report for the Proposed Herring River Restoration Project

FIGURE 1:
SITE LOCATION PLAN
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FIGURE 2:
BORING LOCATION PLAN &

RECORD OF BORINGS
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APPENDIX A  
BORING LOGS



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : A. Sylvia

Site Location:  Old County Road, Truro, MA                     Checked By: G. Deblois

Coordinates:                Elevation: 4.5
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0 Ground Surface 4.5
6" asphalt 0 Fill
S1

1

2 2.5
S2 2

3

4 0.5
S3 4

5

6 -1.5
S4 6

7

8 -3.5
S5 8

9

10 -5.5
10

11

12

13

14 -9.5
S6 14

15

16 -11.5
16

17

18

19 -14.5
S7 19

20

21 -16.5
21

Drill Method: rollerbit & hollow stem auger Datum:

Drill Date: 4/2/15 Sheet:  1 of 2

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-1

SUBSURFACE PROFILE SAMPLE

Remarks

2" ASPHALT                                                                                                                
10" very dark brown (10YR 2/2) , fine GRAVEL, some sand; moist.                        

S2 SS 4-5-4-5
brown (10YR 4/3), coarse to medium SAND; moist. 

S3 SS 6-6-4-5
brown (10YR 4/3), medium SAND, trace fine sand, trace coarse sand, trace silt; 
moist. 

S4 SS 5-3-2-3
7" brown (10YR 4/3), coarse to medium SAND; moist.                                             
2" very dark brown (10YR 2/2) coarse SAND; moist                                   

S5 SS 4-2-2-3
brown (10YR 4/3) to dark brown (10YR 3/3) medium to coarse SAND, trace 
organics; wet.

S6 SS 9-7-11-13
very dark gray (10YR 3/1), fine to medium SAND, trace fine gravel, wet. 

S7 SS 11-11-10-8
dark yellowish brown (10YR 4/6), coarse SAND, some fine gravel, wet. 

S1 SS 18-5-3-4



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : A. Sylvia

Site Location:  Old County Road, Truro, MA                     Checked By: G. Deblois

Coordinates:                Elevation: 4.5
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21 -16.5
21

22

23

24 -19.5
S8 24

25

26 -21.5
26

27

28

29 -24.5
S9 29

30

31 -26.5
31

32

33

34 -29.5
S10 34

35

36 -31.5
36

37
casing came loose, hole abandoned

End of Borehole

38

39

40

41 -36.5
41

Drilled By: NE Boring Hole Size: 2"

Drill Method: rollerbit & hollow stem auger Datum:

Drill Date: 4/2/15 Sheet:  1 of 2

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-1

SUBSURFACE PROFILE SAMPLE

Remarks

S8 SS 7-7-8-10

no recovery

SS 14-13-16-15

brownish yellow (10YR 6/6), coarse to medium SAND, wet. 

S9 SS 18-16-14-21

no recovery

S10



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location:  Old County Road, Truro, MA                     Checked By: G. Deblois

Coordinates:                Elevation: 4.3
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6"

R
ec

ov
er

y

Sy
m

bo
l

W
el

l D
at

a

0 Ground Surface 4.3
5" asphalt 0
S1 Fill

1

2 2.3
S2 2

3

4 0.3
S3 4

5

6 -1.7
S4 6

7

8 -3.7
S5 8

9

10 -5.7
10

11

12

13

14 -9.7
S6 14

15

16 -11.7
16

17

18

19 -14.7
S7 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

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-3

SUBSURFACE PROFILE SAMPLE

Remarks

2" ASPHALT                                                                                                                
dark yellowish brown (10YR 4/4) , fine to medium SAND; moist.                             

S2 SS 8-8-6-5
dark yellowish brown (10YR 4/4), coarse to medium SAND; moist. 

S3 SS 3-3-2-3
yellowish brown (10YR 5/8), coarse to med SAND, trace GRAVEL; wet. 

S4 SS 2-2-3-2
12" dark yellowish brown (10YR 4/4), coarse to medium SAND; wet.                     
10" very dark brown (10YR 2/2) ORGANICS; wet                                   

S5 SS 2-1-1-1
1" dark gray (10YR 4/1) fine SAND; wet.                                                                   
3" dark gray (10YR 4/1) ORGANICS, fine sand, trace silt; wet.

S6 SS 1-1-1-1
very dark grayish brown (10YR 3/2), fine silty SAND with ORGANICS; wet. 

S7 SS 13-21-12-13
dark yellowish brown (10YR 5/8), medium SAND, trace gravel; wet. 

S1 SS 6-9-11-12



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location:  Old County Road, Truro, MA                     Checked By: G. Deblois

Coordinates:                Elevation: 4.3
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21 -16.7
21

22

23

24 -19.7
S8 24

25

26 -21.7
26

27

28

29 -24.7
S9 29

30

31 -26.7
31

32

33

34 -29.7
S10 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

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-3

SUBSURFACE PROFILE SAMPLE

Remarks

S8 SS 16-12-15-24

10" yellowish brown (10YR 5/6) fine to medium SAND; wet.                                    
8" very dark gray (10YR 3/1) coarse to medium SAND; wet.

SS 17-17-6-5

strong brown (7.5YR 5/8), coarse to medium SAND, trace fine gravel; wet. 

S9 SS 20-17-19-22

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.

S10



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : A. Sylvia

Site Location:  Old County Road, Truro, MA                     Checked By: G. Deblois

Coordinates:                Elevation: 2.9
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0 Ground Surface 2.9
5" asphalt 0
S1 Fill

1

2 0.9
S2 2

3

4 -1.1
S3 4

5

6 -3.1
S4 6

7

8 -5.1
S5 8

9

10 -7.1
10

11

12

13

14 -11.1
S6 14

15

16 -13.1
16

17

18

19 -16.1
S7 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

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-5

SUBSURFACE PROFILE SAMPLE

Remarks

S1 SS
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                                 

S2 SS 12-9-6-5
very dark gray (10YR 3/1), coarse to medium SAND; wet. 

S3 SS 2-2-2-2
3" very dark brown (10YR 2/2) ORGANICS; wet.                                                 
14" very dark gray (10YR 3/1) medium to coarse SAND; wet. 

S4 SS 2-1-1-H
9" very dark brown (10YR 2/2) to very very dark gray (10YR 1/1) medium to 
coarse SAND, some organics, trace silt; saturated.                                   

S5 SS 8-1-H
dark grayish brown (10YR 4/2), fine to medium SAND, trace gravel; wet. 

S5 SS 1-5-15-12
8" very dark gray (10YR 3/1), medium to coarse SAND; wet.                                   
9" very dark brown (10YR 2/2) fine SAND, trace organics; wet. 

S5 SS 12-9-10-11
yellowish brown (10YR 5/4), fine to medium SAND, some fine gravel; wet. 

14-11-17-20



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : A. Sylvia

Site Location:  Old County Road, Truro, MA                     Checked By: G. Deblois

Coordinates:                Elevation: 2.9
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21 -18.1
21

22

23

24 -21.1
S8 24

25

26 -23.1
26

27

28

29 -26.1
S9 29

30

31 -28.1
End of Borehole 31

32

33

34

35

36

37

38

39

40

41 -38.1
End of Borehole 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

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-5

SUBSURFACE PROFILE SAMPLE

Remarks

S8 SS 9-11-14-17

brown (10YR 5/3) fine to medium SAND, some gravel; wet.

S9 SS 10-11-16-14

yellowish brown (10YR 5/8), medium to coarse SAND, trace gravel; wet.



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location: Bound Brook Island Road, Wellfleet,  MA   Checked By: G. Deblois

Coordinates:                 Elevation: 2.3
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0 Ground Surface 2.3
6" asphalt 0
S1 Fill

1

2 0.3
2

S2
3

4 -1.7
S3 4

5

6 -3.7
S4 6

7

8 -5.7
S5 8

9

10 -7.7
10

11

12

13

14 -11.7
S6 14

15

16 -13.7
16

17

18

19 -16.7
S7 19

20

21 -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

                                                                 Borehole #: LBG-7

SUBSURFACE PROFILE SAMPLE

Remarks

 Louis Berger                      
Providence, Rhode Island

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. 

S3 SS H-H-H-H
no sample.

very dark grayish black (10YR 3/2), ORGANIC SAND, trace fine to coarse 
gravel; saturated. S2 SS 5-H-H-1

S4 SS H-H-H-2
Very dark grayish brown (10YR 3/2), fine to medium sand,some silt, trace 
coarse sand, trace fine gravel, trace silt; moist. 

S5 SS 1-1-1-1

S5 SS 5-7-9-11
dark gray (10YR 4/1), fine to medium SAND, some coarse sand, trace fine 
gravel, moist. 

SS 8-3-2-2S1

Very dark grayish brown (10YR 3/2), ORGANICS, some fine to medium sand, 
trace coarse sand, trace fine gravel; moist. 

S5 SS 5-9-9-8
gray (10YR 5/1), fine to medium SAND, some coarse sand, trace fine gravel; 
saturated. 



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location: Bound Brook Island Road, Wellfleet,  MA   Checked By: G. Deblois

Coordinates:                 Elevation: 2.3
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21 -18.7
21

22

23

24 -21.7
S8 24

25

26 -23.7
26

27

28

29 -26.7
S9 29

30

31 -28.7
31

32

33

34 -31.7
S10 34

35

36 -33.7
36

37

38

39 -36.7
S11 39

40

41 -38.7
End of Borehole 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

SUBSURFACE PROFILE SAMPLE

Remarks

S8 SS 5-9-9-8

gray (10YR 5/1), fine to medium SAND, some coarse sand, trace fine gravel; 
saturated. 

S9 SS 10-15-20-16

gray (10YR 5/1), fine to coarse SAND, trace coarse gravel; saturated. 

S11 SS 17-23-25-31

gray (10YR 5/1), fine to coarse SAND, some coarse gravel; moist. 

S10 SS 21-15-22-24

gray (10YR 5/1), medium to coarse SAND, some fine sand; moist. 

 Louis Berger                      
Providence, Rhode Island                                                                 Borehole #: LBG-7



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location:  Bound Brook Island Road, Welfleet, MA   Checked By: G. Deblois

Coordinates:                Elevation: 5.2
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0 Ground Surface 5.2
8" asphalt 0
S1 Fill

1

2 3.2
S2 2

3

4 1.2
S3 4

5

6 -0.8
S4 6

7

8 -2.8
S5 8

9

10 -4.8
10

11

12

13

14 -8.8
S6 14

15

16 -10.8
16

17

18

19 -13.8
S7 19

20

21 -15.8
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

                                                               Borehole #: LBG-9

SUBSURFACE PROFILE SAMPLE

Remarks

2" ASPHALT; dry.                                                                                                  
12" brown (7.5YR 5/2), fine to coarse SAND, trace fine to coarse gravel; dry. 

 Louis Berger                      
Providence, Rhode Island

SS 10-6-14-23S1

S2 SS 26-30-32-25
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.

S3 SS 1-1-1-2
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. 

S4 SS H-1-1-1
dark gray (2.5Y 4/1); fine SAND, some organics; moist. 

S5 SS 2-1-3-6
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. 

S5 SS 16-12-13-14
light olive gray (5Y 6/2), fine SAND, some medium sand, some fine gravel; 
moist. 

S5 SS 3-4-5-7
light olive gray (5Y 6/2), fine SAND, some medium sand; moist. 



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location:  Bound Brook Island Road, Welfleet, MA   Checked By: G. Deblois

Coordinates:                Elevation: 5.2
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21 -15.8
21

22

23

24 -18.8
S8 24

25

26 -20.8
26

27

28

29 -23.8
S9 29

30

31 -25.8
31

32

33

34 -28.8
S10 34

35

36 -30.8
36

37

38

39 -33.8
S11 39

40

41 -35.8
End of Borehole 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

                                                               Borehole #: LBG-9

SUBSURFACE PROFILE SAMPLE

Remarks

 Louis Berger                      
Providence, Rhode Island

S8 SS 16-14-20-20

light yellowish brown (10YR 6/4), medium SAND, some fine sand, some coarse 
sand, trace gravel; saturated. 

S9 SS 33-19-13-17

4" light yellowish brown (10YR 6/4), fine to medium SAND; saturated.                   
4" light olive gray (2.5Y 6/2) fine SAND; saturated.

S11 SS 10-12-14-24

brownish yellow (10YR 6/6), fine to medium SAND, trace coarse gravel; 
saturated. 

S10 SS

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.



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location:  Bound Brook Island Road, Welfleet, MA   Checked By: G. Deblois

Coordinates:                Elevation: 3.5
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0 Ground Surface 3.5
8" asphalt 0
S1 Fill

1

2 1.5
S2 2 Fill

3

4 -0.5
S3 4 Fill

5

6 -2.5
S4 6

7

8 -4.5
S5 8
dark grayish brown (10YR 4/2), fine to coarse SAND; moist. 

9

10 -6.5
10

11

12

13

14 -10.5
S6 14

15

16 -12.5
16

17

18

19 -15.5
S7 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

15-9-5-6S1

1-1-1-1
2" brownish yellow (10YR 6/6), fine to coarse SAND; moist.                                    
4"  black (5Y 2.5/1), ORGANICS, trace fine SAND; moist.

                                                               Borehole #: LBG-10

SUBSURFACE PROFILE SAMPLE

10-4-1-5
brown to black (7.5YR 4/2 to 5Y 2.5/1) fine to medium SAND; moist. 

Remarks

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. 

 Louis Berger                      
Providence, Rhode Island

SS

SS 1-1-21-1

S2 SS

S3 SS

20-5-4-6
light yellowish brown(10YR 6/4), fine SAND, some medium sand; moist. 

S4 SS H-H-1-1
black (5.Y 2.5/1), fine to medium SAND, trace organics; moist.

S5

S5 SS 6-5-6-8
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. 

SSS5



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location:  Bound Brook Island Road, Welfleet, MA   Checked By: G. Deblois

Coordinates:                Elevation: 3.5
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21 -17.5
21

22

23

24 -20.5
S8 24

25

26 -22.5
26

27

28

29 -25.5
S9 29

30

31 -27.5
31

32

33

34 -30.5
S10 34

35

36 -32.5
36

37

38

39 -35.5
S11 39

40

41 -37.5
End of Borehole 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

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-10

SUBSURFACE PROFILE SAMPLE

Remarks

S11 SS 6-5-11-14

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. 

SS 6-6-11-11

light yellowish brown (10 YR 6/4), fine SAND, some coarse sand; moist. 

S10

S9

light gray (2.5Y 7/2), fine SAND; saturated.

light olive gray (2.5Y 6/2), fine SAND, trace medium sand; trace coarse gravel; 
moist. 

SS 8-10-14-24

S8

SS 1-2-2-3



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : A. Sylvia

Site Location:  Bound Brook Island Road, Welfleet, MA    Checked By: G. Deblois

Coordinates:                Elevation: 4.0
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0 Ground Surface 4
5" asphalt 0
S1 Fill

1

2 2
S2 2

3

4 0
S3 4

5

6 -2
S4 6

7

8 -4
S5 8

9

10 -6
10

11

12

13

14 -10
S6 14

15

16 -12
16

17

18

19 -15
S7 19

20

21 -17
End of Borehole 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

dark gray (10YR 4/1), medium to coarse SAND, trace organics; wet. 

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-11

SUBSURFACE PROFILE SAMPLE

Remarks

S1 SS
dark gray (10YR 4/1) fine to coarse SAND, some gravel; moist                               

yellowish brown (10YR 5/8), medium to coarse SAND; wet. 

S2 SS 1-1-1-1
dark gray (10YR 4/1), medium to coarse SAND, some silt, trace organics; moist. 

S3 SS 1-2-3-2

S5 SS 12-10-12-15
yellowish brown (10YR 5/8), coarse to medium SAND, trace gravel; wet. 

S4 SS 2-2-4-13
dark gray (10YR 4/1), medium to coarse SAND; wet                                   

13-18-4-6

S5 SS 7-6-7-6
yellowish red (5YR 4/6), coarse SAND; wet. 

S5 SS 17-11-8-6



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : A. Sylvia

Site Location:   Bound Brook Island Road, Welfleet, MA Checked By: G. Deblois

Coordinates:                Elevation: 3.7
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0 Ground Surface 3.7
4" asphalt 0
S1 Fill

1

2 1.7
S2 2

3

4 -0.3
S3 4

5

6 -2.3
S4 6

7

8 -4.3
S5 8

9

10 -6.3
10

11

12

13

14 -10.3
S6 14

15

16 -12.3
16

17

18

19 -15.3
S7 19

20

21 -17.3
End of Borehole 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

dark gray (10YR 4/1) fine to coarse SAND, some silt, trace organics; wet. 

 Louis Berger                      
Providence, Rhode Island                                                               Borehole #: LBG-12

SUBSURFACE PROFILE SAMPLE

Remarks

S1 SS
2" ASPHALT                                                                                                            
13" gray (10YR 45/1) , medium to fine SAND, trace gravel; dry.                              

very dark gray (10YR 3/1) medium to coarse SAND, some gravel; wet. 

S2 SS 2-2-1-1
4" dark gray (10YR 4/1), medium SAND, moist.                                                        
7" fine SAND, trace silt, some organics; moist. 

S3 SS 1-H-H-H

S5 SS 9-6-6-7
yellowish brown (10YR 5/8), coarse SAND; wet. 

S4 SS H-H-1-1
dark gray (10YR 4/1) medium to coarse SAND, some silt; wet                                

26-33-25-12

S5 SS 4-5-5-6
yellowish brown (10YR 5/8) medium to coarse SAND; wet. 

S5 SS 9-2-2-1



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location: Pole Dike Creek Road, Welfleet, MA      Checked By: G. Deblois

Coordinates:                Elevation: 3.7
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0 Ground Surface 3.7
5" asphalt 0
S1 Fill

1

2 1.7
S2 2 Fill

3

4 -0.3
S3 4

5

6 -2.3
S4 6

7

8 -4.3
S5 8

9

10 -6.3
10

11

12

13

14 -10.3
S6 14

15

16 -12.3
16

17

18

19 -15.3
S7 19

20

21 -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

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.

S3 SS 1-1-1-2

S2 SS

SAMPLE

Remarks

S5 SS 1-1-1-1
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

S4

2-1-1-1
7" dark yellowish brown (10YR 6/4), fine to coarse SAND; dry.                                
9" dark gray (10YR 4/1), fine SAND and ORGANICS; dry.

dark gray (10YR 4/1), fine SAND, some medium to coarse SAND; moist.

SS H-H-2-2
no recovery

S5 SS 8-15-20-22
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. 

S5 SS

 Louis Berger                      
Providence, Rhode Island                                                                 Borehole #: LBG-13

SS 67-13-15-9S1

2-1-4-5
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.

SUBSURFACE PROFILE



Project No:   20004341

Project:   Herring River Restoration

Client:  Friends of Herring River    Prepared by : S. Hogan

Site Location: Pole Dike Creek Road, Welfleet, MA      Checked By: G. Deblois

Coordinates:                Elevation: 3.7

D
ep

th
 (f

t)

Sy
m

bo
l

Description

D
ep

th
/E

le
v.

N
um

be
r

Ty
pe

B
lo

w
s/

6"

R
ec

ov
er

y

Sy
m

bo
l

W
el

l D
at

a

21 -17.3
21

22

23

24 -20.3
S8 24

25

26 -22.3
26

27

28

29 -25.3
S9 29

30

31 -27.3
31

32

33

34 -30.3
S10 34

35

36 -32.3
36

37

38

39 -35.3
S11 39

40

41 -37.3
End of Borehole 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

SUBSURFACE PROFILE SAMPLE

Remarks

 Louis Berger                      
Providence, Rhode Island

19-16-20-24

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. 

S9 SS

strong brown (7.5 YR 5/6), fine to corase SAND, trace fine to coarse gravel; 
moist.

SS

35-14-9-6

reddish yellow (7.5YR 7/6), medium to coarse SAND, trace fine sand, trace fine 
gravel; moist. 

22-49-51-54

30-34-67-34

S8

very pale brown (10YR 7/3), fine to corase SAND, trace coarse gravel; moist.

S11 SS

S10 SS

                                                                 Borehole #: LBG-13



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location: Pole Dike Creek Road, Welfleet, MA          Checked By: G. Deblois

Coordinates:                Elevation: 4.4
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0 Ground Surface 4.4
7" asphalt 0
S1 Fill

1

2 2.4
S2 2 Fill

3

4 0.4
S3 4

5

6 -1.6
S4 6

7

8 -3.6
S5 8

9

10 -5.6
10

11

12

13

14 -9.6
S6 14

15

16 -11.6
16

17

18

19 -14.6
S7 19

20

21 -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

Remarks

 Louis Berger                      
Providence, Rhode Island

4" ASHPHALT; dry.                                                                                                     
8"  reddish yellow (7.5 YR 6/8), fine to coarse SAND, trace fine gravel; dry. SS 35-17-9-6S1

SS 1-3-3-4
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. 

                                                                 Borehole #: LBG-14

SUBSURFACE PROFILE SAMPLE

SS 2-11-11-15
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.

S2 SS 7-6-7-5
reddish yellow (7.5YR 6/8), medium to coarse SAND, trace fine sand; moist.        

S3

4-2-18-17
gray (2.5Y 6/1), fine silty SAND, trace medium to coarse sand, trace fine gravel; 
moist. 

S4 SS 2-2-16-19
light gray (2.5Y 7/1), fine to coarse SAND, trace fine gravel; moist.

S5

S5 SS 2-11-11-15
reddish yellow (7.5YR 6/6),  fine to coarse SAND; moist. 

SSS5



Project No:   20004341

Project:   Herring River Restoration

Client: Friends of Herring River    Prepared by : S. Hogan

Site Location: Pole Dike Creek Road, Welfleet, MA          Checked By: G. Deblois

Coordinates:
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21 -16.6
21
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24 -19.6
S8 24

25

26 -21.6
26

27

28

29 -24.6
S9 29

30

31 -26.6
31

32

33

34 -29.6
S10 34

35

36 -31.6
36

37

38

39 -34.6
S11 39

40

41 -36.6
End of Borehole 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

 Louis Berger                      
Providence, Rhode Island                                                                 Borehole #: LBG-14

SUBSURFACE PROFILE SAMPLE

Remarks

S11 SS 33-25-27-32

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.

SS 14-23-31-36

pale olive (2.5Y 6/3), fine to medium SAND; moist. 

S10

S9

(2.5Y 6/6), medium to coarse SAND, trace fine sand, trace coarse gravel; moist. 

no recovery

SS 20-27-26-31

S8

SS 1-2-4-5





Geotechnical Report for the Proposed Herring River Restoration Project

APPENDIX B
LABORATORY TEST RESULTS
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Item Quantity Unit Unit Cost Cost
Straw Waddles 18,500 LF 10.00$                  185,000.00$             
Loam and Seed 15,500 SY 5.00$                    77,500.00$               
Pavement Demolition/Removal (bituminous roads 4-6" thick) 32,901 SY 9.80$                    322,426.86$             
Roadway Compaction (riding, vibrating roller, 6" lifts, 2 passes) 45,921 BCY 0.50$                    22,960.39$               
Roadway Excavation (1 C.Y. cap= 100 C.Y./hr) for misc. excavation/water quality channels 7,500 CY 2.54$                    19,050.00$               
Borrow Loading and/or Spreading (select granular fill, 3 CY Front End Loader) 57,401 LCY 21.50$                  1,234,120.90$         
Hauling Fill material to site (20 min. wait, 25 mph, 6 mile cycle) 57,401 LCY 8.50$                    487,908.26$             
Loading Fill at Haul Site (front end loader, 3 C.Y. cap = 130 C.Y./Hr 57,401 LCY 2.12$                    121,690.06$             
Hauling and removal of unsuitable material 500 LCY 30.00$                  15,000.00$               
Prop Road Base Course (12" Gravel) (crushed stone, 3/4" max size) 20,500 SY 13.50$                  276,750.00$             
Prop Road Intermediate Course (2.5" HMA) 20,500 SY 13.55$                  277,775.00$             
Prop Road Surface Course (1.5" HMA) 20,500 SY 10.30$                  211,150.00$             
Guard rails (Steel, posts 6'3" O.C.) 10,900 LF 28.00$                  305,200.00$             
24" RCP Culvert (class 3, no gaskets) 150 LF 69.00$                  10,350.00$               
6'x6' Box Culvert (6'x7', precast, 8' long) 80 LF 380.00$                30,400.00$               
6'x8' Box Culvert (6'x7', precast, 8' long) 50 LF 415.00$                20,750.00$               
7'x8' Box Culvert (8'x8', precast, 8' long) 50 LF 455.00$                22,750.00$               
Precast concrete headwall for 24" RCP culverts 6 EA 3,500.00$            21,000.00$               
Concrete headwall for box culverts 6 EA 12,500.00$          75,000.00$               
Riprap for culvert protection, 300 lb average 2,500 TON 29.00$                  72,500.00$               
Roadway Excavation (1 C.Y. cap= 100 C.Y./hr) for culverts 1,500 CY 2.54$                    3,810.00$                 
Crushed stone bedding for culverts 2,500 CY 41.00$                  102,500.00$             
Backfill and compaction of bedding 250 LCY 2.86$                    715.00$                     
Pole Dike Road Gate Structure 1 LS 80,600.00$          80,600.00$               
Pole Dike Road Gate Platform 1 LS 18,000.00$          18,000.00$               
Implementation of Traffic Management Plan 1 LS 20,000.00$          20,000.00$               
Dewatering/By-pass 6 EA 15,000.00$          90,000.00$               
SOE Installation 6 EA 13,500.00$          81,000.00$               

Subtotal 4,205,906$               
Mob/Demob @10% 420,591$                   
Bonding and Insurance @1.5% 63,089$                     
General Conditions @5% 210,295$                   
Contingency @30% 1,261,772$               

Total= 6,161,653$               

Herring River Low Lying Roads Probable Opinion of Cost
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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 
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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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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
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Notice to Proceed: December 15th
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Location Existing Infrastructure Information  Proposed 
Culvert 

DIA.  
(ft) 

Upstream 
Culvert Invert  
(ft-NAVD88) 

Downstream 
Culvert Invert  
(ft–NAVD88) 

Approx. 
Length 

(ft) 

Existing Road 
Elevation at 

Crossing 
(ft-NAVD88) 

Proposed Replacement 
Culvert or Opening 

Fully restored 
approx. MHWS  

(ft–NAVD88) 

Proposed Culvert 
Obvert 

(ft-NAVD88) 

Notes 

1) Pole Dike Creek at Pole Dike Rd. 3 -1.0 -1.3 45 4.67 Minimum of 7’x8’ box 
culvert for safety.  4’x8’ 

is adequate for flow 

4.8 5.7 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. 

2) Bound Brook at Bound Brook Is. Rd. 5 -3.3 -3.5 45 4.45 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. 

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 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. 

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 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. 

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 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. 

 





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. 

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 



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. 

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? 



Can there be protective measure implemented to prevent clogging of the tide gate on Pole 
Dike Road? 
Can the rail embankment be used as a temporary road to minimize construction impacts? 
Can the rail embankment be used as alternative road to the current alignment?  
Will flooding of properties occur without permission as long as structures aren't impacted? 
Will the Pole Dike gate be opened right away? 
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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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 Head-
Aquinnah 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). 
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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  Date 
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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. 



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 
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