DEPARTMENT OF THE ARMY
US ARMY CORPS OF ENGINEERS
NEW ENGLAND DISTRICT
696 VIRGINIA ROAD
CONCORD MA 01742-2751

October 27, 2021
Regulatory Division
File No. NAE-2008-00759

Charles Sumner

Town of Wellfleet

300 Main St.

Wellfleet, MA 02667

(via email: Charles.Sumner@Wellfleet-ma.gov)

AND

Brian Carlstrom

Cape Cod National Seashore

99 Marconi Site Rd.

Wellfleet, MA 02667

(via email: brian_carlstrom@nps.gov)

Dear Mr. Sumner and Mr. Carlstrom:

We have reviewed your application to discharge fill material in order to (1) place a
temporary cofferdam of 35,627 ft.2(GP 14) and (2) replace an existingdike and established tide
gate with a bridge, with a total of 2 combination flap/slide sluicegates, 6 feetwide X 10 feetin
height, a total of 7 slide gates, also 6 feetwide and 10 feetin height, and a total of 8 removable
concrete panels. The monitored and automated sluice gates would thereby allow saltwater
inputs, and convertapproximately 560acres of Phragmites and freshwater emergent/scrub shrub
wetlands back to Spartina alternifloraand S. patens wetlands, thereby increasing quality.
Additionally, this permitauthorizestemporary fillstotaling2.98 acres and permanentfills totaling
3.83 acres(GP23). This projectislocated in the Herring River Estuary at Chequessett Neck
Road, Wellfleet, Massachusetts. The work isshown on the enclosed planstitled "HERRING
RIVER RESTORATION PROJECT,” on 241 sheets, and dated“June, 2021.”

Based on the information thatyou have provided, we verifythatthe activity isauthorized
under General Permit# 14 and 23 of the enclosed April 16,2018 Federal permitknown as the
Massachusetts General Permits (GPs). Please review the enclosed GPs carefully,includingthe
general conditions beginningon page 19, to be sure thatyou and whoever does the work
understand itsrequirements. Acopy ofthe GPsand this verification letter shall be available at the
projectsite throughoutthe time the work isunderway. Performingwork within our jurisdiction
thatis notspecifically authorized by thisdetermination or failingto comply with any special
condition(s) provided below orall of the termsand conditions of the GPs may subject



you to the enforcementprovisions of our regulations. You mustperform thiswork in
compliance with the terms and conditions of the GPsand also in compliance with the following

special conditions:

1. The wetland restoration projectshallbe monitored fora minimum of 10 years. The first
year of monitoringwill be the firstyear thatthe site hasbeen through a full growing period after
completion of construction and planting. Forthese permitspecial conditions, a growingperiod
starts no later than May 31. Monitoringshall occurannually — in late spring/early summerand
again in late summer/early fall - with appropriate remedial measures to ensure thatperformance
standardsare met. Monitoringreportsshall be submitted to the Corps, Regulatory Division,
Policy and Technical Support Branch, duringyears 1, 2, 3,5, 7, and 10, no later than December
15 of each year areportis due. Failure to perform the monitoring and submit monitoring reports
constitutes permit non-compliance. Remedial measures will be implemented at least two years
prior to completion of the monitoring period to attain the project-specific performance standards
within 3 growing periods after completion of construction of the restoration site(s). Should
measures be required within two years of the end of the original monitoring period, the
monitoring period will be extended as necessary to ensure two years of monitoring after the
remedial work is completed.

2. Adaptive management reports shall be submitted to EPA, FWS, NOAA Fisheries, CZM
and DEP as well as the Corps.

3. You must complete and return the enclosed Work Start Notification Formto this office
at least two weeks before the anticipated starting date.
This authorization presumes that the work as described above and as shown on your plans
noted above is in waters of the U.S.

This authorization expires on April 5, 2023. You must commence or be under contract to
commence the work authorized herein by April 5, 2023, and complete the work by April 5, 2024.
If not, you must contact this office to determine the need for further authorization before
beginning or continuing the activity. We recommend that you contact us before this authorization
expires to discuss reissuance. Please contact us immediately if you change the plans or
construction methods for work within our jurisdiction. We must approve any changes before you
undertake them.

This authorization does not obviate the need to obtain other Federal, State, or local
authorizations required by law.

Your projectis located within, or may affect resources within the coastal zone. Inorder
for the above determination to become valid, you must obtain Federal consistency
concurrence from the Massachusetts Office of Coastal Zone Management (CZM). The
CZM address is provided on page 47 of the enclosed MA GPs. [OR]



We continually strive to improve our customer service. In order for us to better serve you, we
would appreciate your completing our Customer Service Surve
https://requlatory.ops.usace.army.mil/customer-service-survey.

Please contact Alan Anacheka-Nasemann of my staff at (978) 318-8214 or (978) 318-
8338 if you have any questions.

Sincerely,

Paul Maniccia
Chief, Permits & Enforcement Branch
Regulatory Division

Enclosures

cc:
Carole Ridley, Ridley & Associates Inc. Harwich, MA; cr@ridlyandassociates.com
Ed Reiner, U.S. EPA, Region 1, Boston, MA; reiner.ed@epa.gov

Kaitlyn Shaw, NMFS, Gloucester, MA; kaitlyn.shaw@noaa.gov

David Simmons, USFWS; david_simmons@fws.gov

Robert Boeri, Coastal Zone Management, Boston, MA; robert.boeri@mass.gov
Daniel Gilmore, Chief, DEP SERO, Lakeville, MA; daniel.gilmore@mass.gov
David Wong, MassDEP, david.w.wong@mass.gov

MassDEP-WRP, Boston, Massachusetts; dep.waterways@mass.gov,

David Robinson, MA BUAR; david.s.robinson@mass.gov

Conservation Commission, Truro, MA; rao@truro-ma.gov

Conservation Commission, Wellfleet, MA;



US Army Corps
of Engineers = WORK-START NOTIFICATIONFORM

New England District (Minimum Notice: Two weeks before work begins)
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EMAIL TO: Alan.R.Anacheka-Nasemann@usace.army.mil and cenae-r@usace.army.mil; or

MAIL TO: Alan R. Anacheka-Nasemann
Regulatory Division
U.S. Army Corps of Engineers, New England District
696 Virginia Road
Concord, Massachusetts 01742-2751

Also, if the work is in the Massachusetts Coastal Zone (https://www.mass.gov/service-details/
czm-regions-coastal-communities-and-coastal-zone-boundary), email this form to
robert.boeri@mass.gov or mail itto: The Massachusetts Office of Coastal Zone Management,
Project Review Coordinator, Suite 800, 251 Causeway Street, Boston, MA 02114.
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Corps of Engineers Permit No. NAE-2008-00759 was issued to the Town of Wellfleet and the
National Park Service. This work is located in the Herring River and authorized discharge fill
material in order to (1) place a temporary cofferdam of 35,627 ft.2 (GP 14) and (2) replace an
existing dike and established tide gate with a bridge, with a total of 2 combination flap/slide
sluice gates, 6 feet wide X 10 feet in height, a total of 7 slide gates, also 6 feet wide and 10 feet
in height, and a total of 8 removable concrete panels. The monitored and automated sluice gates
would thereby allow saltwater inputs, and convert approximately 560 acres of Phragmites and
freshwater emergent/scrub shrub wetlands back to Spartina alternifloraand S. patens wetlands,
thereby increasing quality. Additionally, this permit authorizes temporary fills totaling 2.98
acres and permanent fills totaling 3.83 acres (GP 23).

The people (e.g., contractor) listed below will do the work, and they understand the permit's
conditions and limitations.

PLEASE PRINT OR TYPE

Name of Person/Firm:

Business Address:

Phone & email: () ()

Proposed Work Dates: Start: Finish:
Permittee/Agent Signature: Date:
Printed Name: Title:
Date Permit Issued: Date Permit Expires:
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US Army Corps COMPLIANCE CERTIFICATION FORM
of Eng'“eers‘ﬁ' ‘ (Minimum Notice: Permittee must sign and return notification
New England District within one month of the completion of work.)

Permit Number: NAE-2008-00759
Project Manager: _ Anacheka-Nasemann

Name of Permittee: Town of Wellfleet/National Park Service
Permit Issuance Date: October 27,2021

Please sign this certification and return it to our office upon completion of the activity and any
mitigation required by the permit. You must submit this after the mitigation is complete, but not
the mitigation monitoring, which requires separate submittals.
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E-MAIL TO: cenae-r@usace.army.mil; or

* *
* *
* MAIL TO: Permits and Enforcement Branch A *
* U.S. Army Corps of Engineers, New England District *
* Regulatory Division *
* 696 Virginia Road *
* Concord, Massachusetts 01742-2751 *

*
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Please note that your permitted activity is subject to a compliance inspection by an U.S. Army
Corps of Engineers representative. If you fail to comply with this permit you are subject to
permit suspension, modification, or revocation.

I hereby certify that the work authorized by the above referenced permit was completed in
accordance with the terms and conditions of the above referenced permit, and any required
mitigation was completed in accordance with the permit conditions.

Signature of Permittee Date
Printed Name Date of Work Completion
( ) ( )

Telephone Number Telephone Number



U.S. National Park Service and Town of Wellfleet
Herring River Restoration Project, Phase 1
404 General Permit

Appendix D Herring River Adaptive Management Plan



Appendix D Herring River Adaptive Management Plan

The Project proposes to use a process called “adaptive management” to aid in its performance of the
Project. Following adaptive management guidelines, decisions about restoration of tidal flow will be
formally analyzed and evaluated while water quality, vegetation, tide levels, salinity, sediment movement
and other environmental and socioeconomic factors are monitored and compared with pre-restoration
conditions and expected changes. The rate of tidal restoration can be slowed, reversed, or increased
based on the system response as indicated by monitoring data. The Project’s approach to adaptive
management is described below.

A. What is Adaptive Management?

Adaptive management is an inclusive and formal 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 the result to formally update our
understanding of the system response to our actions. Information obtained from post-implementation
monitoring improves our ability to predict future outcomes and make better decisions regarding the
selection of appropriate 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 those conditions
mentioned above, with a focus on reducing the specific uncertainties that hinder our ability to make the
best management decisions (Williams and Johnson 1995). Having been applied to natural resource
management since the 1970s (Walters and Hilborn 1978), SDM is a logical framework for making
decisions by distinguishing those components of a decision that are subjective and values-oriented from
those that are objective and science-based. A SDM framework guides a transparent decision-making
process by explicitly linking the anticipated outcomes of management alternatives to well-defined
objectives and factoring how varied stakeholder viewpoints value these outcomes.

Adaptive management requires careful planning, which can be described as a two-step process: a setup
phase and an implementation or iterative phase. In the setup phase, essential components of the
decision or problem being faced are identified and developed. The components of the setup phase
include:

1. A clear definition of the problem being addressed,;

2. Specific objectives to be achieved;

Potential policies or 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. A method for assessing trade-offs among competing objectives and identifying the policy, decision, or
action that is most likely to achieve the objectives; and

6. A monitoring program designed to track outcomes of selected management activities to assess
progress towards achieving objectives and to compare with predictions.

The iterative phase involves implementing management actions and the directed monitoring program so
that progress can be measured and the predicted outcomes of the action taken can be compared with the
actual observed outcomes. As the iterative phase progresses, knowledge of the resource and the



effectiveness of the selected management activities is 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
strategy as the best management approach to achieving the 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.

B. Rationale for Adaptive Management for the Herring River

Adaptive management differs from ‘trial and error’ and other reactive decision-making processes. Trial
and error approaches simply reject an action that failed to elicit a desired outcome. Adaptive
management is a process for decision making under evolving conditions that promotes flexibility by
adjusting decisions as outcomes from management actions and other events become better understood.
By collecting data to track the system’s response to management we can compare our predicted the
actual outcomes and improve our understanding of system behavior.

The Herring River Restoration Project is highly conducive to an adaptive management approach. The
project involves a broad range of potential system responses to management that make it difficult to
determine the best restoration policy and the need to repeat decisions over time. Therefore, an adaptive
management framework is the most efficient method for evaluating restoration decisions related to
managing tidal exchange within the Herring River estuary.

Collaboration and support of the US Geological Survey (USGS) was initiated by the HRRC in 2014 to
begin development of a formal adaptive management decision structure that will help guide management
decisions and measure progress toward specific ecological and sociological objectives during restoration
of the Herring River. USGS decision scientists are working collaboratively with the project team, Friends
of Herring River, other scientists, stakeholders and other interest groups to develop the Herring River
Adaptive Management Plan (HRAMP). The HRAMP establishes the framework for decision making on
how to operate adjustable tide gates at the new CNR bridge to maximize the ecological benefits of
restoring tides to the Herring River estuary while minimizing adverse impacts. The varied effects of
opening the tide gates using different management policies encompassing time spans ranging from 5 to
25 years are being analyzed to identify the most advantageous policy for tide gate management.
Decision support software has been developed for use by the project team to compare policy options and
evaluate trade-offs and uncertainties represented by a comprehensive set of project objectives.
Development and testing of the decision framework has been completed. Predictions for the full suite of
ecological and socio-economic objectives are being developed and trade-off and risk sensitivity analyses
are being conducted to complete a fully operational decision-analysis framework.

The technical team is the primary group that will analyze monitoring data, complete project assessments,
and formulate management options for the consideration by the formal decision making group, the
Herring River Executive Council (HREC). Tide gate management is expected to continue to the point
when gates are open to their fullest extent to achieve the maximum allowable tidal range. In addition to
the primary restoration action of increasing tide range, secondary actions will also be implemented
before, during, and after the period of tide gate management.

The development of the HRAMP follows a structure common to a decision analysis process:

o Define a comprehensive problem statement,



¢ Identify management objectives and policy options,
e Predict consequences of the policies,

e Evaluate predicted outcomes considering trade-offs and risk in order to recommend implementation
of a preferred policy,

e Design and implement targeted monitoring program to first evaluate baseline conditions and then
assess outcomes of management actions.

Each of these is discussed in the following sections.

C. Define a Comprehensive Problem Statement

An effective adaptive management plan requires a clear definition of the problem, or problems, to be
addressed in order to identify why the decision needs to be made, and the individuals who can make the
decision. 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 be identified. The problem statement should briefly
state the potential range of actions that can be taken, the spatial and temporal scale of the problem, the
frequency and timing of the decision(s), the complexity of the problem, uncertainties that make decision
making difficult, and any legal, financial, regulatory, or political constraints.

The HREC is the decision-making body that will determine how to manage tide gates while seeking to
maximize benefits and minimize adverse impacts over some finite length of time for restoring the Herring
River estuary. It is comprised of 2 CCNS representatives (the superintendent and his/her appointee), two
Town of Wellfleet (“Town”) Selectboard representatives, and the Town manager.

The primary management actions involve decisions regarding the volume of tidal flow permitted through
of a series of newly constructed tide gates at the three different locations; these actions involve decisions
regarding the number, location, magnitude of opening, and flow direction at the individual tide gate
openings at any given time. Timing and frequency of gate operations can be periodic or episodic,
coincident with extreme predicted high tides and coastal storm events. At each decision point, one or
more gates can be raised or lowered or not changed.

The Project will also implement secondary management actions to accelerate or maximize the recovery
of estuarine habitat, enhance the benefits of tidal restoration, and avoid or reduce potential adverse
ecological and socioeconomic impacts of restored tidal flow. Secondary actions include management of
floodplain vegetation, modification of marsh surface elevations through management of sediment supply
and distribution, and restoration of connectivity and natural sinuosity of tidal creeks to enhance the
circulation of salt water through the system. Decisions regarding secondary actions will involve where
and when to implement management measures, what techniques to use, and how to best coordinate the
actions with the tide gate management. Specific details for most of these measures cannot be known
until some degree of tidal flow is restored and monitoring information is gathered about how the Herring
River system is responding.

Tide gate management is expected to continue until the point when gates are open to the extent
permitted under Phase 1 and the maximum allowable tidal range has been reached. Secondary actions
may be implemented before, during, and after the period of tide gate management. Within the project
area, decisions involving management of the tide gates will be spatially and temporally separated by the
sub-basins. Tide gate management will begin soon after construction of the tidal control structures is



complete. The temporal and spatial resolution of monitoring data outputs used to make condition-based
decisions will drive the frequency and timing of tide gate operations.

Secondary actions may range from simple independent decisions, to complex decisions that are
conditionally linked to other management actions. The timing of some secondary actions may have a
temporal relationship with the tide gate operations, thus requiring coordination with the tide gate
management process. For example, removal of vegetation may be recommended to occur prior to
restoration of extensive tidal exchange to facilitate work in more conducive, drier conditions.

Tide gate management decisions and secondary action decisions will be based on:

1. Predicted outcomes for multiple project objectives that result from tide gate changes; and

2. The expected range of outcomes in system response to the actions taken.

In general, the range of expected outcomes for tidal conditions (e.g., water surface elevations, tide
range) are quite narrow for specific tide gate configurations. However, the ranges of outcomes driven by
salinity and sediment transport are broader for individual tide gate openings.

Decisions about tidal gate adjustments will be legally mandated and subject to regulatory oversight under
the US Clean Water Act, the Coastal Zone Management Act, the MA Wetlands Protection Act and
Waterways regulations, the Towns of Wellfleet and Truro wetland by-laws, and the MA Endangered
Species Act. Tide gate management decisions will be constrained by actions deemed necessary to
protect public and private structures within the project area; e.g., at the end of the permitted Phase 1 of
the project, the maximum mean daily high tide elevations would be limited to 3.6 feet in the Lower
Herring River and 2.5 feet NAVD88 within the Mill Creek sub-basin while no tidal flow would be allowed
into Upper Pole Dike Creek.

D. Identify Policy Objectives and Management Outcomes
1. Objectives

Defining project objectives starts with considering what you care about: what is to be achieved and what
to avoid. The focus is on achieving ecological and socio-economic objectives using quantifiable metrics
to evaluate progress towards achievement of well-defined restoration goals. Clearly defined objectives
are the foundation of any decision process. In adaptive management, predicting the consequences of
available actions in terms of measurable objectives provides a clear path for identifying the best
performing strategy. Thus, the analysis starts with defining the objectives.

To facilitate the analysis, complex sets of objectives are organized hierarchically. Fundamental
objectives articulate the over-arching reasons decision-makers are interested in a particular decision.
The fundamental objectives can be generically categorized as benefits (restored ecosystem functions
and services) and costs or constraints (potential adverse effects and project costs). Each fundamental
objective is made up of, or is influenced by, several sub-objectives and each sub-objective is matched to
a performance measure.

Performance measures are developed at the most logical level in the hierarchy, with the aspiration to
measure performance of the fundamental objectives directly.

Performance measures must serve two purposes: 1) to predict how well a management strategy is
expected to meet each of the objectives (i.e., models are used to make predictions), and 2) to provide



metrics useful for monitoring; i.e., to determine how the system is responding to implementation of a
management action and to evaluate progress towards achieving stated objectives. Comparison of the
projected and observed performance measure is the basis for learning in adaptive management. The
monitoring needs for adaptive management will be matched to on-going and planned monitoring
programs to identify gaps and avoid duplication.

Beginning in 2014, the USGS decision-analysis technical team began to collaborate with project
technical advisors, Friends of Herring River, Woods Hole Group, and community stakeholders to identify,
define, and specify the objectives hierarchy for the HRAMP. This process was conducted over numerous
phone conferences, in-person workshops, and public meetings. A process to develop a prototype
adaptive management framework was substantially completed by the end of 2017. Objectives and their
measurable attributes will continue to be refined and modified as the AM planning process continues and
the project moves into the implementation phase. In addition to identifying fundamental objectives and
their associated sub-objectives, the team developed detailed definitions and specifications for each
objective including performance measures, monitoring methods, units of measurements, spatial and
temporal scales of measurement, and desired direction of change (i.e. minimize or maximize).

For the Project, the fundamental objectives are derived, in part, from NPS management policies as
articulated in the current General Management Plan for the CCNS, 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 has been applied to the Herring
River project more explicitly through the Adaptive Management Plan, with development of a set of
overarching fundamental objectives to restore the ecosystem by:

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

e Restoring ecological function and integrity, including salinity, water quality, and aquatic habitat
quality;

¢ Minimizing adverse impacts to ecological, cultural, and socioeconomic resources;
e Maximizing ecosystem services (i.e., benefits people receive from the estuary);
¢ Minimizing the costs of restoration; and

e Maximizing understanding of the project effects to federal- and state-listed rare, threatened, and
endangered species.

The hierarchy of fundamental objectives, sub-objectives, performance measures, predictive
methods, and monitoring design is summarized in Table 1.



Table 1. Objectives and Performance Measures for Herring River Adaptive Management Plan

Fundamental Objective #1: Restore Hydrography

Sub-Objectives:

Restore Tidal Range
Restore Low Tide

Restore High Tide

Maximum/Minimum Water Surface
Elevations Averaged for Sub-Basins
and at Key Locations

EFDC' Hydrodynamic Model

Electronic Water Level Data
Loggers for Sub-Basins and
at Key Locations

Restore Hydroperiod
. Wetting/Drying of Marsh Surface
Frequency of flooding Averagg/ed rgt I?ey s Electronic Water Level Data
: - EFDC Hydrodynamic Model Loggers for Sub-Basins and
Duration of flooding Duration of Inundation of Marsh at Key Locations
Surface at Key Locations
Electronic Water Level Data
Maximize Marsh Surface Drainage Extent of Ponded Water at Low Tide EFDC Hydrodynamic Model Loggers in Areas of Predicted
Ponding
Maximize Marsh Surface Elevation
Accumulation of Sediment at Ke Baseline Data; Published Deposition/Elevation at
Marsh surface sediment deposition Marsh Surface Locations Y Values; Expert Surface Elevation Tables and
Judgment/Elicitation Markers
Below around oraanic matter & Baseline Data; Published Soil Sampling Associated
g 9 Soil Organic Matter and Bulk Density ~ Values; Expert with Marsh Surface Elevation

pore space volume

Judgment/Elicitation

Fundamental Objective #2: Restore Ecological Function/Integrity

Monitoring Sites

SubObjectves

Maximize area restored

Appropriate salinity gradient

Water Column Salinity Values
Averaged for Sub-Basins and at Key
Locations

! Environmental Fluid Dynamics Code (Hamrick, J. M., and T. S. Wu. 1997)

EFDC Hydrodynamic Model

Conductivity Data Loggers for
Sub-Basins and at Key
Locations



Fundamental Objective #2: Restore Ecological Function/Integrity
Sub-Objectives:

Coverage of New England Coverage of Native Estuarine SLAMM? Informed by EFDC Transect/Plot Cover
halophytes Vegetation Types Model Output Estimates; Habitat Mapping

Maximize habitat quality for native
estuarine animals

USGS Nutrient Flux Model*; Synoptic Surface Water

Water Quality _II?ii;s:I(\Igclegsgi)r(\yg;ez,"r:rlr-‘lazﬁrsrildence Expert Judgment/Elicitation Quality Monitoring at Key
9): Informed by EFDC Model Locations

- - Species Composition of Benthic Published Values; Expert Benthic Sampling at Key
BT (BT Invertebrate Community Judgment/Elicitation Locations

Maximize connectivity for diadromous
fish

Fish Passage Success;
Velocity at Culverts

Fundamental Objective #3: Minimize Adverse Impacts
Sub-Objectives

Minimize risk to public safety

Flow Velocity at Culverts/Crossings EFDC Hydrodynamic Model

Minimize risk to public at water - c - - Observations of Activity
control structures Probability of Water-related Incidents  Tidegate Configuration During Peak-use Periods
Probability of Boating, Transportation, Observations of Activity

Minimize risk to public elsewhere Expert Judgment/Elicitation

Recreation Incidents in Project Area During Peak-use Periods

Minimize adverse impacts to shellfish
beds in harbor

: - Baseline Data; Published Surface Water Quality
Minimize excess nitrogen export ORI (CoTEET E e 2T Values; Expert Monitoring Near Aquaculture
Aquaculture Areas .
Judgment/Elicitation Areas

2 Sea Level Affecting Marshes Model (Clough, J. et al. 2012)
3 USGS Nutrient Model (Colman, J. in proc.)



Fundamental Objective #3: Minimize Adverse Impacts

Sub-Objctives

. Baseline Data; Published Surface Water Quality
Minimize fecal coliform levels iezzlcg;::grgnrg:sunts L Values; Expert Monitoring Near Aquaculture
q Judgment/Elicitation Areas
e - - Water Surface Elevations and
Minimize loss of privacy for abutting Probability of Complaints Vegetation Change from Documentation of Incidents

property owners Models

Maximize aesthetics

Maximize viewscapes from public Horizontal Viewing Distance from Key Vegetation Change from Time Series Photo Stations

vantage points Locations SLAMM

Minimize negative appearance of -t - Vegetation Change from - - -

dead woody veg Probability of Complaints SLAMM Time Series Photo Stations
Minimize hydrogen sulfide smell Probability of Complaints Expert Judgment/Elicitation Documentation of Complaints

Documentation of Conflicts
and Resolutions

Probability of Issues Lacking

Minimize community conflict :
ty Community Consensus

Expert Judgment/Elicitation

Fundamental Objective #4: Maximize Ecosystem Services
Sub-Objectives:

Maximize Natural Mosquito Control Species Composition and Abundance e e e e L

Salinity; Expert Elicitation Areas
WBNERR GHG Model* :
Maximize greenhouse gas Rate of Horizontal and Vertical GHG  Informed by EFDC Hydro egzl?:r‘:h:'ngcfi:lag)aorgon
sequestration Fluxes Model Output; Expert Aocumu%at’ion
Elicitation
D Acres of Open Shellfishing Areas EFDC Hydrodynamic Model Fecal Coliform Counts

(above & below dike)
Maximize recreational opportunities

4BWM Wetland GHG Model (Abdul-Aziz, O. and Ishtiaq, K. 2015)



Fundamental Objective #4: Maximize Ecosystem Services

SubGbjctives

Minimi;e loss of existl:r!g Number of Access Points, Parking Expert Judgment/Elicitation Documentatign of Lost/Gain
recreational opportunities Areas of Access Points

oh - Car Counts; User Surveys;
Maximize newly created Rate of Increased Recreation Use of L Fy o :
recreational opportunities Project Area Expert Judgment/Elicitation Observations of Activity

During Peak-use Periods

Fundamental Objective #5: Minimize Cost

Sub-Objectives:

Minimize Flme to reach fullest extent of Time to reach maximum tide range Expert Judgment/Elicitation Project Timeline/Financial
restored tide range Records

Minimize cost for secondary actions Cost for secondary actions Expert Judgment/Elicitation Egg::;;nmelme/ﬁnanclal
Minimize cost for tide gate operations Cost for tide gate operations Expert Judgment/Elicitation I;g:j;::(t’;’imeline/ Financial
Minimize cost for monitoring Cost for monitoring Expert Judgment/Elicitation Project Timeline/Financial

Records



2. Policy Options

Tide Gate Management Policies

The need to control tidal exchange at the Chequessett Neck Road inlet to the Herring River
system resulted in the design of a unique bridge and tide gate structure that consists of a
number of tidal control elements that reside beneath the road of the proposed bridge. The
complex nature of the proposed structure is the key for allowing the adaptive approach to
incrementally restore tidal influence to Herring River. The structure design allows varied flow
dynamics due to the large number of available tide gate configurations.

To investigate a range of plausible gate management strategies, the USGS and the HRRC
developed a series of seven potential restoration trajectory scenarios, referred to as “platform
policies”, which encompass a representative range of restoration timelines, frequency and size of
gate adjustments, and management priorities. Figure 1 outlines the annual projected mean high
water (MHW) elevation in the Lower Herring River sub-basin for each policy at each year of
implementation
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Figure 1. Comparison of Predicted Mean High Water (MHW) Levels for the Full Herring
River Restoration Project in the Lower Herring River Sub-basin Among Different Platform
Policies. Maximum MHW elevations would not exceed 3.6 feet (NAVD88; top dotted line)
for Phase 1 of the Project

Platform policies titled “Threshold 5 year”, “Threshold 15 year” and “Threshold 25 year” consist
of a time series of incremental tide gate openings that uniformly increase the MHW level in the
Lower Herring River sub-basin from the existing elevation to a fully open (i.e. all tide gates set at
a 10-foot height opening across the structure’s 165-foot width) MHW condition of 4.3 feet in the
defined number of years (i.e. 5, 15, or 25 years) in a relatively linear manner (Figure 1). The
“Slow-Fast 15 year” and “Fast-Slow 15 year” policies take contrasting approaches; the “Slow-
Fast 15 year” policy changes the tidal range slowly at first, requiring 10 years to reach the 1.8
feet MHW elevation, and then increases the MHW quickly in the last few years to reach a fully



open MHW condition of 4.3 feet (3.6 feet for Phase 1) by the 15th year, while “Fast-Slow 15
year” alters the tidal range quickly to reach the 1.8 feet MHW threshold in the first year, and the
proceeds slowly to the final MHW elevation of 4.3 feet (3.6 feet for Phase 1) over the next 14
years. The “2GS” and “Threshold Sediment” policies have specific ecological objectives. The
“2GS” platform policy is designed so that each gate opening configuration would remain in place
for two growing seasons, with the assumption that vegetation would have time to establish
during the new interim conditions. The “Sediment” platform policy is designed to have periodic
but temporary large tide gate openings (concurrent with annual or storm tide events) that would
promote large amounts of marine-derived sediments to be transported into the Herring River
estuarine system to enhance deposition on the subsided former salt marsh surface, followed by
periods when the gates would be reconfigured to reduce the tidal range in Herring River. As
outlined in Figure 1, these larger tide ranges (i.e. larger gate openings) would occur years 1, 6
and 11 for analytical purposes only; the actual implementation of this policy is dependent on the
occurrence of unpredictable tidal events. To achieve a particular MHW elevation, a particular
combination of tide gate openings is necessary. Table 2 outlines the number and height of open
tide gates that would be necessary to achieve the interim water surface elevations for each of
the platform policies.

Table 2. Lower Herring River Mean High Water (MHW) Estimated Modeled Elevations
(NAVDS8S, feet) Predicted for Various Tide Gate Configurations at Chequessett Neck Road

Tide Gate Configuration .
= MHW Elevation (ft, NAVD88)
Number of Gates Gate Height (ft)
1

-0.96
-0.27
0.37
-0.27
0.59
0.6
1.43
1.81
1.95
219
2.51
2.76
2.94
3.03
6 5123
10 3.63
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These tide gate management strategies are referred to as “platform” policies because they
provide the baseline conditions for analysis of project impacts to which secondary management
activities can be added to improve performance with respect to specific project objectives.
Secondary management actions are those other than changes to tide gate configuration and



include direct management of vegetation and sediment, connectivity of tidal channels and pools,
and mitigation of potentially adverse project impacts. Secondary actions would be implemented in
addition to tide gate management to improve overall policy performance. The purpose of the
decision analysis process are to (1) identify the best performing tide-gate management approach,
(2) incorporate secondary actions to improve performance, and (3) select the overall
management strategy (tide-gate policy plus secondary actions) that provides the best outcomes
across the objectives. The location, timing, and other details of secondary actions cannot be
anticipated in most cases until an initial policy is implemented and some degree of tidal exchange
is restored. The ability to direct secondary actions in reaction to system responses to the
implemented tide gate policy is one way of learning from and adapting management as
restoration progresses.

Vegetation Management

Vegetation management is a class of project activities, along with incremental tidal restoration
and facilitating the recovery of natural tidal marsh channel networks and elevation that are being
pursued as part of the adaptive management plan. This section provides a general description of
activities, methods, and effects. This information will be supplemented and refined during project
implementation and presented by the project team when appropriate in detailed, site-specific
Vegetation Treatment Plans (VTPs) for review and comment by the Regulatory Oversight Group
and Herring River Stakeholder Group (HRSG), and approval by the HREC.

As Phase 1 is implemented, salt water will cause decline and mortality to much of the herbaceous
and woody freshwater-dependent and upland vegetation that has colonized the floodplain. If left
standing, dying and dead trees and larger shrubs could hamper the recolonization of native salt
marsh plant communities. In some areas currently dominated by herbaceous, freshwater-
dependent emergent plant species, the non-native, invasive common reed (Phragmites australis)
could expand which would have a number of deleterious ecological and socioeconomic effects,
including displacement of native vegetation and a reduction in habitat quality for fish and wildlife.
The specific goal for managing vegetation as part of the Herring River Restoration Project is to
support the long-term, sustainable recolonization of native estuarine vegetation as tidal range,
salinity and sediment transport processes are restored.

Vegetated areas that will be affected at each stage of tidal restoration were identified by
comparing NPS vegetation cover type data with spatial data output from the hydrodynamic
model. Active removal and management of vegetation will be limited to the emergent marsh
areas with existing occurrences of common reed, as well as shrublands, and woodlands. Within
the area of the Herring River floodplain affected by regular tidal inundation up to the Phase 1
project limit, approximately 43 acres is currently dominated by common reed, most of which
occurs within the Lower Herring River sub-basin. Shrublands comprise about 179 acres and are
scattered throughout all of the Herring River sub-basins with the exception of Bound Brook. The
largest contiguous stands of shrubland currently occur in portions of Duck Harbor, Lower Pole
Dike Creek, and the Upper Herring River sub-basins. Woodlands currently make up
approximately 126 acres of the Phase 1 project area, with most stands occurring in the Lower
Herring River, Mid-Herring River and Lower Pole Dike Creek sub-basins. In total, up to
approximately 348 acres within the Herring River floodplain could require some form of vegetation
management as part of Phase 1 of the Project.



Vegetation management will be conducted incrementally and be closely coordinated with CNR
Road tide gate management and the resulting increases in water surface elevations, tidal range,
and salinity. Generally, vegetation management operations would be conducted before tidal flows
are reintroduced to a given area before the ground surface is affected by salt or brackish water.
Inundation with saltwater that promptly follows vegetation removal is expected to be highly
effective for preventing or limiting regrowth of undesirable species and is expected to foster re-
colonization of native estuarine plant communities.

In general, woody species management will be conducted under the oversight and guidance of
the CCNS Fire Management Program, contingent on availability of future funding to augment
personnel and equipment above present levels. The CCNS Fire Program is implemented
according to the Fire Management Plan (FMP), which was reviewed and approved by the
National Park Service through the National Environmental Policy Act. The Environmental
Assessment (EA) and Finding of No Significant Impact (FONSI) for this program (NPS 2007)
authorize mechanical and prescribed fire treatment of up to 500 acres per year within the CCNS
boundary. The FMP identifies and maps 21 treatment area categories where activities are
authorized for specific purposes, including all tidally restricted wetlands under NPS jurisdiction for
the purpose of resource management and maintaining a safe urban-wildlife interface. The entirety
of the federally-managed portion of the Herring River project area is within the authorized area for
FMP activities. In collaboration with the NPS Integrated Pest Management Program,
management of common reed, is also authorized by the FMP.

Prior to the reintroduction of tidal influence to the Herring River, vegetated areas expected to be
affected at a given stage will be delineated into manageably-sized treatment units. Site-specific
Vegetation Treatment Plans (VTP’s) will be developed for each treatment unit. VTP’s will include,
but not be limited to a description of the methods for the removal of above ground tree and shrub
material, secondary treatment of downed wood and slash, and the potential use of prescribed fire.
Prior to implementation, individual VTP’s will be submitted to the Regulatory Oversight Group for
comment and approval. Ecological evaluations will be incorporated into the VTP before any
treatment activity occurs. An ecological evaluation is an overall assessment of a proposed
treatment area which will review possible impacts to vegetation, water resources, and wildlife,
and appropriate mitigation measures. Mitigation measures may include, among other elements,
specific timing of treatments to minimize impacts and leaving residual coarse, woody debris for
animal cover.

If use of prescribed fire is recommended as part of a VTP, prescribed burn plans will be
developed to address a full range of factors concerning conditions under which an area will or will
not be burned. All burn plans will be based on the guidelines of the CCNS Fire Management
Program and will delineate parameters that address how a burn would be implemented including
safety factors, a site description, burn objectives, fuel types, weather factors, size of crew, skill set
of crew members, and types of required equipment. Additionally, the burn plan would describe
conditions that would not allow a burn to take place, including but not limited to smoke exposure
to sensitive areas such as residences and roads and firefighter and public safety.

About 31 acres of the Phase 1 restoration area is in private ownership. As tidal range and salinity
are progressively restored, the Project will consult with the affected landowners to develop site-
specific VTPs for each property that meets both the Project’s overall ecological objectives and the
owner’s preferences. All planning, permitting and on-the-ground work will be funded by the



restoration project. With landowner concurrence, the project will submit individual Notices of
Intent with the Wellfleet Conservation Commission and any other required permits. No active
vegetation management will be pursued on private lands without landowner approval.

The project will employ measures to avoid adverse ecological and socioeconomic impacts that
could potentially be caused by vegetation management. These include:

e Maximizing the amount of work done in winter and during the periods of low visitation by the
public

e Maximizing work performed in dry conditions
e Maximizing work done by hand
e Specify use of low ground pressure/amphibious equipment

e Use of erosion controls, including hay bales, silt fences, fiber matting, and other ground
surface protections

e Avoiding stump removals and ground disturbance

e Maximizing worker safety

Phragmites Control

Common reed is currently not a dominant plant species within the Herring River floodplain. The
roughly 1,100-acre Herring River floodplain currently contains only about 45 acres of common
reed. Restoration of tidal exchange will increase water column salinity in the Lower Herring River
sub-basin to 20 ppt and higher. This rapid increase in salinity and the higher water levels are
expected to quickly stress common reed and lead to die-off and eventual re-colonization of native
salt marsh species. Consequently, in the Lower Herring River sub-basin, the restoration of tidal
flow will be the primary means of common reed control. However, cutting and removal of material
prior to tidal flooding will also be considered.

Because there currently is no salinity in sub-basins upstream of the Lower Herring River, future
changes in the coverage, distribution and density of common reed are difficult to predict. As a
result, predictions of plant community and habitat changes in the upper portions of the Herring
River driven by future incremental increases in salinity are less certain. Following adaptive
management protocols, this uncertainty will be reduced as the project is implemented and new
monitoring data is collected to refine the salinity component of the hydrodynamic model. Based
on documented changes in common reed distribution after tidal restoration commences, it is
possible that additional management actions, beyond tidal inundation by high salinity seawater,
may be necessary to limit its expansion. During each stage of restoration, as extant freshwater
and upland dependent species succumb from low to moderate levels of salinity (approximately 5
to 20 ppt) new areas may become susceptible to common reed colonization.

The initial efforts of a common reed control program in the Herring River will be robust monitoring
and early detection involving both:

1. Subbasin specific monitoring of the hydrologic conditions which will be driving vegetation
change and,



2. Direct ground and aerial observation and quantification of changes to common reed
occurrence and distribution using established transects and plots.

As tides are restored and observations of actual salinity changes are made, the ability to predict
subsequent salinity changes will be improved. These improved predictions will direct vegetation
monitoring to the areas where the anticipated salinity range would make it more likely for common
reed to colonize. If new patches or expanding common reed stands are detected, a decision will
be made about whether or not to initiate management. The project team will review all data and
other available information and make a management recommendation to the HREC. Since the
majority of cases where common reed control will be needed occur within the boundary of CCNS,
the NPS will consult with its Integrated Pest Management Program and Exotic Plant Management
Team to determine the available Best Management Practices for the given situation.

Generally, some degree of long-term control of common reed can be achieved using a
combination of methods to be repeated as necessary. Combined control methods typically
involve some form of physical removal followed by techniques that inhibit or limit regrowth.
Examples include mowing followed by covering areas with black plastic sheeting or mats and
digging out roots followed by regrading and planting of more desirable vegetation that can occupy
the site and make it harder for common reed to get established. For the Herring River, one novel
method that may be appropriate in some cases would be to mow or cut the stand and then use
the Chequessett Neck dike tide gates to maintain high water levels to “drown” the cut stems.
Similar techniques have demonstrated some success in other low salinity areas (Smith 2005), but
its use in the Herring River will need to be balanced and assessed in concert with other ecological
and socioeconomic objectives that may be adversely affected by holding high water levels for
extended periods. These and other mechanical and hydrologic-based control methods will be
undertaken on a case-by-case basis. Factors to be considered when choosing appropriate
methods will be the size and density of the common reed stand, the location and physical
character of the site (i.e. accessibility, proximity to the river, degree of soil saturation, etc.),
surrounding vegetation and habitat types, and the extent of associated impacts from carrying out
the control program, such as erosion and soil compaction from machinery. Common reed control
areas will be delineated and specific control methods will be described in Vegetation Treatment
Plans, as described previously.

Marsh Management

Restoration of natural stream channel connectivity and marsh surface elevation is a major
component of the Herring River Restoration Project. Marsh management is a class of project
activities, along with incremental tidal restoration and vegetation management that will be
pursued as part of the coordinated adaptive management program.

These activities cannot be described in detail at a site-specific level prior to commencing the
restoration and adaptive management program. Many of the locations where this work could
potentially be necessary are remote and currently either covered in dense, shrubby vegetation or
under water. The work is also dependent on specific vegetation, microtopography, and tidal flow
characteristics. Attempting to evaluate potential treatment sites and design future marsh surface
restoration actions based on existing conditions is not appropriate since these conditions will
change after tidal exchange is restored. Conditions will also vary greatly among locations and for
different stages of the restoration process. Therefore, this broad summary is based on the best
information available and current projections of how restored tidal flow will generally affect the



project area as well as the types of interventions that are expected to be necessary for restoring
natural stream networks and marsh elevation.

Decisions about implementing any of the proposed management methods described herein will
be made by the HREC, based on recommendations from the project team and will be based on
the overarching ecological and socioeconomic objectives articulated in the Adaptive Management
Plan. In a similar manner to what is proposed for the vegetation management program, specific
plans for restoration of stream channel networks and marsh elevation will be presented in Marsh
Treatment Plans (MTPs) for specific management areas that will be identified and delineated
after tidal flow is restored.

Justifications for Marsh Management

Although reintroduction of tidal exchange and salinity is the primary component and main driver
for restoration of the Herring River floodplain, several other actions would likely be necessary to
reverse other previous direct and indirect alterations of the system’s topography, bathymetry, and
drainage capacity. After tidal restoration is initiated, these factors could inhibit circulation of
saltwater, prevent recolonization of tidal marsh vegetation, create freshwater impoundments, and
expand mosquito breeding habitat if not properly managed. The primary issues to be addressed
through marsh management are:

* Loss/subsidence of marsh surface elevation: Areas of the Herring River are currently up
to three feet lower than saltmarsh surfaces around Cape Cod Bay relative to current sea
level. This is the result of three factors: 1) on-going sea level rise in Wellfleet Harbor, 2) lack
of sediment supply to maintain marsh elevation, and 3) drainage and erosion of saltmarsh
peat. At the current elevations with tidal flow restored, these areas would not support
saltmarsh vegetation communities and would not drain properly.

+ Sediment entrained in marsh channels, channel blockages: Lack of tidal flushing for
more than 100 years has allowed the accumulation of sediment and organic matter in tidal
channels and ditches throughout the floodplain. Normally this material would be distributed
and deposited on the marsh plain by tidal flow or remain part of the suspended sediment load
of the tidal prism flowing between the river and Wellfleet Harbor. With tidal exchange
restored, this trapped sediment could cause obstructions to flow in some locations, especially
during early stages when flow velocity may not be fast enough to mobilize material.

o Historic grid ditching, channelization, water-logged soils: Like most tidal wetlands in
New England, the Herring River floodplain has been dramatically altered by grid ditches
created and maintained by regional mosquito control programs since the 1930s. Many
stretches of the Herring River have also been channelized to drain the marshes. Ditching and
channelization have re-routed the flow of water throughout the floodplain, resulting in drained
soils in some locations and continuously saturated, water-logged soils in others. Extensive
marsh ditching has also contributed to greater marsh surface subsidence in some locations
(see Figure 2).

o Spoil piles: As a customary practice, when channels and mosquito ditches were created or
maintained the dredged sediment (a/k/a “spoil”) was disposed in linear mounds adjacent to
the channel being worked on. These spoil piles are frequent along the river and channels and
in some places are identifiable by topographic mapping (see Figure 3). With tidal exchange
restored, spoil piles could block the circulation of saltwater and impede drainage.
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Figure 2. Area North of High Toss Road Where Extensive Grid Ditching Has Led to
Severe Subsidence of Marsh Surface (Shaded Area)
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Figure 3. Dredge Spoil Berms (Red Circles) Along Channelized Segments of the Herring River
Recognizable with High Resolution LIDAR Imagery; Some of These Will Be Breached or
Removed to Improve Tidal Circulation

Marsh assessment and management will be addressed by a three-step process. The initial step is
based on the effects of tidal restoration and the degree to which increased tidal flow passively
influences sediment transport dynamics. Second, tide gate management policies (discussed
above) will be temporarily altered to facilitate increased sediment deposition and vegetation
growth. Extensive monitoring systems will be in place to evaluate how marsh sediment and
surface processes are affected by changes to tidal flow. Based on knowledge gained with this
information, the third step of marsh restoration methods will be designed and implemented.
These will involve direct mechanical manipulations on the marshes and in tidal channels. The
three steps are described in detail in the following sections.

Step One: Passive Marsh Management

The first tier action is simply to restore tidal flow. In a normal estuary, tidal flow supports the basic
ecosystem functions needed to establish and maintain marsh channel networks and surface
elevation. Restored tidal exchange in the Herring River will increase flow velocities and will move
trapped sediment and erode channels that have narrowed since tides were restricted, resulting in



deeper and wider channels and greater flow volume. A portion of the sediment mobilized by this
process will be deposited on marsh surfaces adjacent to the channels and contribute to rebuilding
marsh elevation. Although natural deposition rates at saltmarshes in New England are typically
low, on average approximately 2-3 millimeters per year, it is reasonable to expect that areas of
moderately and severely subsided marsh surfaces would receive greater volumes of accumulated
sediment since they are artificially lower than other marsh surfaces and would experience longer
periods of inundation and slower flow velocities. Several studies have also documented higher
accretion rates at marshes immediately following tidal restoration (i.e., Anifield 1999). Finally, as
saltmarsh vegetation is reestablished, accumulation of below-ground organic matter is expected
to accelerate. These subsurface metabolic processes are the dominant factor contributing to
marsh surface elevation, making up to five times the volume of sediment compared to inorganic
surface deposition (Turner et. al., 2000). The vertical and horizontal increase of vegetated
saltmarsh would roughen the marsh surface, slowing down tidal flow and further contributing to
sediment deposition, which in turn would facilitate below-ground accumulation.

Step Two: Alternate Tide Gate Management Policies

Seven discrete policies of management for new tide gates at the new Chequessett Neck Road
bridge have been developed and are being currently analyzed to identify the gate configurations
that result in the greatest overall ecological and socioeconomic benefit. Five of the policies (5
year, 15 year, 25 year, 15 year-slow/fast, 15 year-fast/slow) would generally increase tide range
in a step-wise fashion over varying lengths of time. The two other policies (“Sediment” and “2GS”)
are intended to specifically target sediment dynamics and growth of marsh vegetation. Under the
Sediment policy, tide gate openings would normally be made according to the 15-year linear
policy. However, during certain coastal storm events and/or predicted astronomical high tides, the
gates would be strategically managed to take advantage of high, sediment-laden flows into the
river. Gates would remain open throughout the high tide cycle to allow inflowing water and then
be closed as tides beginning to recede. Combination slide-flap gates incorporated into the design
of the CNR structure would allow water to drain, but the flow would be slower than the incoming
tide. This fast-flowing flood tide and slow-flowing ebb tide cycle would produce an asymmetrical
tidal hydrology that could deliver and retain a substantial volume of inorganic marine sediment to
the Herring River floodplain.

Under the two-growing season tide gate policy (“2GS”), the CNR tide gates would be opened
following a generally linear pattern. When the tide range reaches a specified level (still to be
determined), tidal hydrology would be maintained at those conditions for a minimum of two
growing seasons. This would provide a relatively stable tidal regime during which salt marsh
plants could colonize and become established in some areas. The new vegetation would increase
surface roughness and promote both surficial deposition of suspended sediment as well as
enhanced marsh accretion from below-ground production of organic matter. After a period of
maintaining stable marsh hydrology, tide range would be increased again and the process would
be repeated within a higher elevation zone. This policy would in effect restore vegetation that
would ultimately be sacrificed, but is expected to contribute to marsh surface accretion that would
enhance conditions for the establishment of vegetation during later phases of the restoration.
Monitoring data collected during the stable tide regime periods would be used to evaluate the
effectiveness of the strategy and to refine implementation details for subsequent periods.



Step Three: Active Marsh Management

Based on monitoring results documenting changes to marsh surface elevation and tidal
circulation, active marsh management measures may be necessary to address all of the project’s
objectives. Monitoring variables to be assessed include flood frequency, flood duration, salinity of
ponded water, suspended sediment concentration, marsh surface elevation, soil bulk density, and
estuarine vegetation species diversity and distribution. If any of these suggest that passive marsh
restoration is not occurring at an acceptable trajectory or pace in response to tidal restoration or
strategic manipulations to tidal hydrology, implementation of some or all of the active marsh
management actions described below will be considered. Because of the spatial and temporal
uncertainty in their future application, the descriptions of the actions are necessarily general at
this time. If or when any of these are proposed for a specific location, individually or in
combination with other management actions, details will be specified in site-specific Marsh
Treatment Plans, to be prepared by the HRRC and submitted to the ROG and HRSG for review
and comment. Any subsequent permit modifications or amendments would then be submitted for
approval by the HREC. In general, active marsh management actions include techniques to
maximize tidal circulation and accelerate increases to marsh surface elevation.

Maximize Tidal Circulation and Connectivity: More than 100 years of tidal restriction has led to
infilling of the Herring River’s tidal channel network. Virtually all of the natural stream channels
have also been compromised by channelization (i.e. straightening) and mosquito ditching. Many,
if not most, of the anthropogenic ditches have also accumulated sediment and organic matter. If
these channels are not flushed out naturally by increased tidal exchange, active measures to
dredge material may be necessary. This could be accomplished with small, tracked, low ground
pressure machinery designed especially for this type of work. The overall goals of this effort will
be, to the extent practicable, to restore the natural channel network that existed prior to extensive
ditching and channelization. This would first require identifying which stream reaches are “natural”
and which are anthropogenic. Natural streams would be dredged to the depth of the apparent
natural bottom, with the dredge spoil used to fill adjacent mosquito ditches. In some instances,
anthropogenic channels would be maintained and improved where no other natural connection is
apparent. A preliminary assessment of anthropogenic and natural channels and volume of
potentially available sediment for beneficial reuse is provided in Table 3 (note; this assessment is
for planning purposes only and assumes an average depth of one foot of entrained sediment
throughout all apparent anthropogenic channels).

Table 3. Preliminary Assessment: Existing and Proposed Channel Length and Area, by
Sub-Basin, Phase 1 Proposed Conditions

Ewisting | Proposed, Phase

Sub-Basin . .

Lower Herring 42 33.8 26 32.0
River ’ ' '
Middle Herring 3.6 77 2.2 6.9
River : i : -
Lower Pole Dike 59 8.0 24 33
Creek : ' . .

Duck Harbor 4.6 3.7 1.6 2.0



Proposed, Phase 1

UpperHeming 5 6.1 24 5.4
River ’ ’ ) ’
Lower Bound 36 33 14 21
Brook

Upper Bound

Brook 14 21 1.1 1.9
Mill Creek 1.2 1.6 1.2 1.6
Total 28.2 66.3 149 55.2

In some locations, spoil material that was side cast during the channelization of the Herring River
and construction of the mosquito ditches may also be found to prevent tidal circulation and
connectivity for estuarine animals. As tidal restoration progresses, these channel blockages if not
breached passively by the reintroduction of tides will be removed using small, tracked, low ground
pressure machinery. Active improvements to tidal circulation could also include opening up flow
to, and in some cases creating, small pannes and pools on the marsh plain to provide habitat for
small estuarine fish species, such as mummichogs (Fundulus heteroclitus) that are predators of
salt marsh mosquito larvae. Small radial and connector ditches may also be designed to ensure
that these pools and pannes are hydraulically connected to the tidal drainage network and that
physical access for the fish is maintained.

Accelerate Increases to Marsh Surface Elevation: Tidal restoration is expected to reintroduce
large volumes of inorganic marine sediment that will deposit on the Herring River floodplain to
enhance the restoration of estuarine vegetation, which in turn will stimulate below ground
accumulation of organic matter in the root zone. Both of these processes will eventually
contribute to the accretion of the marsh surface. However, the rate at which these processes
might occur is dependent on a number of ecological processes that are difficult to predict.
Existing rates of sediment deposition and marsh accretion from functional saltmarshes around
New England have been estimated to be in the range of 2-6 millimeters per year (Bricker-Urso
1989) and higher in marsh under going tidal restoration (Gonneea, pers. comm. and in press).
With the degree of marsh subsidence that has occurred in the Herring River over the last century,
natural accretion rates that could occur during the passive processes of sediment transport may
be insufficient for the Herring River floodplain to reach elevations to support saltmarsh vegetation.
Therefore, it is expected that supplemental supplies of sediment may be necessary to achieve
significant gains in saltmarsh and other estuarine vegetation within the current implementation
timeline of the project (i.e. up to 25 years). The “Threshold Sediment” policy has been developed
to promote accretion of the marsh surface and may be implemented during the restoration
process or alternatively, the restoration timeline could be extended beyond 25 years. Rigorous
monitoring of salt marsh accretion using Sediment Elevation Tables (SET’s) and feldspar horizon
markers being used to document temporal changes in elevation of the restored salt marsh. Other
than sediment that may be available from stream channel dredging, the redistribution of historic
spoil materials, and the natural erosion (widening and deepening) of tidal channels during the
restoration process, no specific sources of external sediment to actively restore marsh surface
elevations have yet been identified. The Project may consider linkage to the planned Wellfleet



Harbor dredging project, however no feasibility studies or formal discussions with the Town or
U.S. Army Corps of Engineers are currently underway.

E. Predict Consequences of the Policies

Decision making is future oriented — decisions are made after considering “what will happen if an
action or an alternate action is taken?” Thus, predicting consequences is an essential part of any
decision, with the type or complexity of the prediction dependent on the significance of the
outcomes. Performance, or the response of a measurable attribute for each Project objective, is
predicted under each tide gate platform policy. Comparing predicted performance across all
objectives provides the basis for selecting a policy. Recall that each objective has a performance
metric (measurable attribute), including a unit of measure, desired direction of response, and
spatial and temporal scales. For each objective, a method of prediction is needed as well as a
method for monitoring to determine what actually happens after implementing the policy in order
to assess, learn, and adapt.

Prediction of system responses can be quantitative or qualitative. As such, it is imperative to be
explicit about underlying predictive models and their assumptions. The degree of uncertainty in
these predictions is one significant (but not the only) impediment to making good decisions.
Being explicit in predicting outcomes encourages explicit recognition of evolving conditions.

In the development of methods of prediction and monitoring for the Herring River, a tiered
approach was used. Tier 1 predictions are best professional judgments developed by the project
team. Tier 2 predictions are those provided through formal elicitation methods by subject matter
experts and, where appropriate, community stakeholders. Tier 3 predictions are generated by
quantitative models. For the Herring River, Tier 1 predictions have already been compiled, but
are only being used to assess and develop future decision analyses. Tier 2 and 3 predictions will
be used for the actual adaptive management plan and functional decision analysis. Tier 3
predictions can only be applied when a cost-effective quantitative model exists for a given
objective. As shown in Table 1, Tier 3 predictions exist or are planned for about two-thirds of the
Herring River objectives. Where no quantitative model is available, Tier 2 predictions will be
elicited from technical subject matter experts and community stakeholders through formal
elicitation processes. This process is underway and will continue into 2020.

The foundational numerical model for the Herring River project is a two-dimensional
hydrodynamic model developed by the Woods Hole Group (WHG 2012) using the Environmental
Fluid Dynamics Code (EFDC) software package (Hamrick 1996). The EFDC model spatially
represents the entirety of the historic Herring River floodplain and has been calibrated and
validated to a set of tidal observations collected over full lunar cycles in 2007 and 2010. The
model has been used to identify the optimal size of the tide gates at the new Chequessett Neck
Road bridge, the Mill Creek dike, and the road culverts to be replaced as part of the restoration
project. It has also been used to simulate the extent of tidal exchange under a range of full and
partial restoration scenarios. Outputs from the EFDC model include tidal metrics under normal
and storm-driven tidal forcing, including water surface elevations, tide range, water column
salinity, flow direction and velocity, and hydroperiod (e.g. residence time, flood frequency, flood
duration). Data outputs are available for virtually any Herring River location within the model
domain and for any time step within the lunar tide cycle.



The EFDC model has also been run to simulate 17 different tide gate configurations at the
Chequessett Neck Road bridge in order to understand the hydrodynamic effects of incremental
tide gate management (Table 2). Output for these simulations also provide predictions of low
and high tide water surface elevations, and other hydrodynamic metrics, averaged by sub-basin
and for individual and grouped model nodes. In addition to tabular data output, spatial data have
also been compiled to graphically depict the extent of tidal exchange under each of the 17 tide
gate configurations. These data were also used to develop the previously-described seven tide
gate management platform policies.

In addition to the EFDC hydrodynamic model, other computer-based models have been applied
to the Herring River project. The Sea Level Affecting Marshes Model (SLAMM) is open-source
software that was originally developed with EPA funding in the 1980s (Warren Pinnacle
Consulting 2016). It incorporates a number of input parameters, including Light Detection and
Ranging (LIDAR) survey elevations, existing wetland classifications, sea-level rise rates, tide
range, and accretion and erosion rates for various wetland habitat types to simulate the dominant
processes involved with wetland conversions due to sea-level rise.

Although typically utilized to project wetland changes due to sea-level rise, SLAMM was applied
in a unique approach to advance the understanding of how the changing tidal regimes associated
with various tide gate scenarios could potentially impact ecological resources and wetland types
throughout the Herring River system (WHG 2018). Used in combination, land elevation and tide
range are the main drivers of the modeled vegetation predictions. Rather than using SLAMM to
predict water level increases that are projected to occur because of sea level rise, this application
of SLAMM used different tidal ranges resulting from various tide gate configurations at the
Chequessett Neck Road Dike to project how the vegetation would likely respond to changes in
tidal conditions. Spatially variable water levels throughout the Herring River system from the
EFDC model results were generated for the suite of likely gate openings being considered during
adaptive management of the project.

Elicitation planning is currently underway to develop predictions for objectives where use of a
quantitative model is not possible or otherwise suitable. Elicitation is a formal process where
technical subject matter experts or stakeholders are asked to provide their own informed
judgements about how a specific management action, integrated within a platform policy, may
influence a specific objective. There are varied methods for conducting formal elicitations, but the
basis of the process is to develop data that allow for quantification of uncertainty and also
expresses the range of predictions among multiple experts or responders. For the Herring River,
two separate elicitation processes are currently being undertaken; one for scientific experts to
provide predictions for a number of measurable attributes for several ecological objectives and
another for local stakeholders in order to develop information about socioeconomic outcomes that
are not addressed by existing ecological models. Table 1 provides a summary of predictive data
to be generated through these elicitation processes.

F. Evaluate Predicted Outcomes Considering Tradeoffs and Risks

Tradeoff analysis is the process of evaluating which of several potential courses of action (i.e.,
Herring River platform policies) offers the best possible outcome. The process of this evaluation
can also offer insight into where information deficiencies exist — or what actions must be taken to
improve resource outcomes. Tradeoff analysis is typically performed before any action is taken,
and it therefore depends on predictions of how a given action will affect one or more objectives.



Accurate predictions are therefore a foundation of quantitative decision analysis, and among the
goals of a tradeoff analysis is to base decisions on the best available information.

USGS decision scientists have developed the Herring River Decision Support Tool (Smith et al.,
in press), an application for the HRAMP to facilitate trade-off analyses by performing the
comparative scoring automatically and presenting the results in a flexible and informative
manner. Although this is only one element of a comprehensive tradeoff analysis it may be one of
the more cognitively difficult components because of the need to track outcomes for numerous
policies, objectives, and weighting schemes.

Utility functions transform performance metrics into a standardized scale while representing
preference for levels of performance and tolerance for levels of risk. Utility curves can take a
variety of shapes depending on risk attitude ranging from risk averse to risk acceptance. Default
utility curves were created for each objective based on a range of risk attitudes and can be
adjusted within the application prior to conducting a trade-off analysis.

Objectives can all be quantified in some way, usually by measuring some physical attribute. For
example, mean high water (MHW) elevations and dissolved oxygen (DO) exceedances are both
measurable attributes; MHW is measured in feet relative to mean sea level, and DO
exceedances are presented as the number of samples with a DO concentration of less than 5
milligrams per liter. It is impossible to compare how well a management strategy (i.e. Herring
River tide gate management policy) satisfies both the desired outcomes for MHW and DO
because in their measured units there is no natural scale on which the water level and the
dissolved oxygen concentration can be directly compared. To accomplish this comparison, an
artificial scale, which is referred to as a utility scale is developed.

The utility scale always scores the most undesirable measurement as 0 and the most desirable
measurement as a 1, regardless of the original units of measurement. In order to apply this
scale, there is a need to define in advance what constitutes a desirable resource outcome. For
some objectives we may desire the highest measurements, while for others we would want the
lowest measurements. The desirable direction is toward attaining the resource outcome and
there is often a point at which an objective has been adequately achieved.

In addition to the advance recording of the direction of the resource response, risk attitude must
also be quantified. Risk attitude is harder to assess than direction because it exists on a
subjective gradient that must be characterized by carefully considering how various outcomes
affect a level of satisfaction. Thinking of risk attitude in terms of satisfaction is a good way to
conceptualize terms like “risk accepting” and “risk averse”, which describe how quickly we
transition from a utility of 0 to a utility of 1. To identify our risk attitude we need to examine
whether our satisfaction grows at a constant rate with increasingly satisfying measurements
(which would be a “linear” risk attitude) or whether small initial changes are more satisfying than
large changes later on (which could be a “risk accepting”), or even the opposite case in which we
are not happy with small initial changes and are only happy with large changes later on (“risk
averse”). For example, if 1 DO exceedance makes us twice as happy as 2 exceedances, and 2
makes us twice as happy as 4, we could characterize our attitude as “linear”. If 2 exceedances
make us 4 times as happy as 4 exceedances we might be “risk averse.”



Risk attitude is a difficult concept to comprehend, and describing it simply as satisfaction leaves
us prone to misinterpretation as we attempt to visualize converting measured values to utility.

G. Recommend Implementation of a Preferred Policy

The governance and administrative structure for implementing the Herring River adaptive
management plan is described in a memorandum of understanding (MOU-IV) between CCNS
and the Town of Wellfleet.

The executed MOU 1V explicitly acknowledges the responsibility of the town and Cape Cod
National Seashore by establishing the Herring River Executive Council (HREC) as the formal,
decision-making authority for the project. The HREC is comprised of two select board members
and town administrator from Wellfleet, and the Cape Cod National Seashore superintendent, and
one additional CCNS representative. MOU-IV identifies the Herring River project team as an
informal, intergovernmental technical working group formed for the purpose of providing technical
input for Project-related decisions as necessary or appropriate. In September 2017, the HREC
established a formal Herring River Stakeholder Group (HRSG), a 19-member body representing
a broad range of local and regional interests. The purpose of the HRSG is to communicate with
stakeholders within the community to ensure that their respective interests and views are well
represented and considered by the HREC and to provide advisory input to the HREC on key
implementation issues.

The HREC is the entity primarily responsible for executing the adaptive management plan, with
technical input from the project team. Simply stated, the team will provide management
recommendations to the HREC which will be responsible for authorizing actions at each major
decision point. The team will be responsible for coordinating with the NPS and town to carry out
authorized actions in accordance with the guidelines outlined in the adaptive management plan
and regulatory permit requirements. The team will also have the role of analyzing, compiling, and
summarizing monitoring data, modeling output, field observations, and other information, and
providing advisory input to the HREC. The HREC and project team may work with third-party
organizations to implement agreed upon management actions, field monitoring, data analysis,
and public outreach activities.

The Regulatory Oversight Group will assist in the preparation and review of the final AMP and will
review implementation progress on an ongoing basis. The Regulatory Oversight Group is called
for under the Secretary’s MEPA Certificate to include, at a minimum, representative(s) from the
following agencies:

» Federal: NPS, USFWS, NOAA, NRCS, EPA, USACE;

= State: MEPA, DER, DMF, NHESP, MassDEP, CZM, State Historic
Preservation Officer (SHPO);

= Regional: CCC;

= Local: Town of Wellfleet, Town of Truro: and

= Tribal: Mashpee Wampanoag Tribe

The decision-making process is grounded on the collection and evaluation of monitoring data
intended to measure performance of the specific objectives formulated for the adaptive
management plan. The HREC may designate the parties responsible for (1) coordinating with the NPS
and Town to carry out authorized actions and (2) analyzing, compiling, and summarizing monitoring data,
modeling output, field observations, and other information. During this process, members of the HRTT



will provide ongoing advisory technical input to the HREC. Third-party organizations may be engaged to
implement approved management actions, field monitoring, data analysis, and public outreach activities.
Data collection will be guided primarily by scientists at CCNS and available to, the project team
as the basis for technical advisory input to the HREC. As management actions are implemented
and the response of the system is monitored, the project team 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 project team 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 project team recommendations or request additional data collection and/or analysis for further
review and possible reconsideration of recommended management actions.

H. Decision Making During Implementation

The project team will use the USGS trade-off analysis software to evaluate the expected
performance and trade-offs of various management strategies. The trade-off analysis will help
identify which platform policies are most advantageous for achieving the objectives based on
weighted preferences and attitudes toward risk taking. The software produces numeric scoring of
available management strategies, but it will be up to the HREC and project team to evaluate the
results, along with input from the HRSG and other sources to make informed and transparent
decisions about the most appropriate actions at any given point in 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-offs, while reviewing monitoring data and formulating management
options available for advancing the objectives of the Herring River project, the project teamwill
consider:
o The current state of the system including:

o Cumulative changes that occurred since commencement of the restoration process

0 Specific changes that occurred since implementation of the most recent management
actions

o Effects of natural and anthropogenic events that are unrelated to tidal restoration
o Comparison of observed changes with model predictions
o0 Status and effectiveness of mitigation measures employed to prevent adverse impacts
o Compliance with regulatory requirements and permit conditions
o Stakeholder comments, concerns, and interactions
e Predicted outcomes of recommended management actions:

o0 Specific details of management actions (e.g., changes in tide gate configurations;
methods of proposed secondary management actions)

o0 Temporal context of management actions (e.g., implications of seasonal effects;
anticipated tidal forcing, weather conditions, storms, etc.)



0 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)

o Expected changes/impacts to be measured through field monitoring (e.g., changes in
water surface elevations, salinity, water quality, sediment movement, and
vegetation/habitat)

o Confirmation that required mitigation measures are in place to prevent adverse impacts
0 Anticipated stakeholder reaction and plans for public outreach/education

e The operational and administrative structure for supporting recommended management
actions:

o0 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)

0 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)

o Assessment of personnel and funding needs during implementation, monitoring of
performance, data analysis, and reporting of results

0 Assessment of personnel and funding needs for public outreach and communications
o Permit compliance and regulatory approval during implementation of management

actions

The entity designated by the HREC will provide written reports the HREC as the basis for
recommended management actions to be implemented. Reports will be prepared and delivered
at the end of the calendar year and will include a cumulative documentation of all data and project
results to date with detailed emphasis on changes that occurred during the latest reporting period.
Reports will be posted online and provided to the HRSG and Regulatory Oversight Group. Best
Available Data will be included, but all data may not be fully analyzed, assessed for quality
assurance and quality control, or peer-reviewed.

Management Recommendations to the HREC will include:

o A brief summary of all results since Project inception
o Ecological monitoring data: water levels, salinity, water quality, Vvegetation hcange, etc.

0 Socioeconomic data: public safety, visual impacts (aesthetics), public access (privacy),
recreation, odors, and resolution of conflict among stakeholders, etc.

0 Review of all prior management action
0 Performance assessment of models and other predictive tools
o A detailed analysis for the reporting period (prior calendar year)
o Statement of previously proposed management actions (“We planned to do...”)
o Description of executed management actions (“We did...”)

o Statement of expected outcomes, i.e. model hypothesis (“We expected to see....”)



o Data presentation of actual observations (“We did see...”)
o Analysis of expected vs. actual outcome
e New management recommendations
o Proposal for new tide gate settings, secondary actions
o Modeled predictions and expected outcomes of proposed management
o Potential vulnerabilities warranting special attention
o Changes or modifications to monitoring plan

o Assessment of financial and personnel resources for continuing management and
monitoring plan

l. Design and Implement Targeted Monitoring Program, Evaluate Baseline Conditions, and
Assess Outcomes of Management Actions

The collection, analysis, and application of credible monitoring data to compare with predictions
from modeling are 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 adaptive management output data from models and other predictive
methods are used to conduct trade-off analyses 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.

Since the 1970’s, the CCNS has collected most of the research and monitoring data in the
Herring River. Much of this work has been done as part of the NPS Northeast Coastal and Barrier
Network Inventory & Monitoring Program and CCNS’ Cape Cod Ecosystem Monitoring Program
which has included both long-term monitoring and focused research projects. USGS, along with a
number of university- and NGO-based study groups, have also contributed significantly to the
broad database of pre-restoration monitoring data. CCNS will continue to provide leadership and
direction for the science and monitoring program as the Herring River enters the construction
phase and as the project is implemented. To conduct all of the monitoring required during the
long-term implementation of the adaptive management plan, additional resources including staff
time, equipment, technical consultation, and funding will be necessary from the NPS, other
federal and state agencies, and other sources.

Table 1 provides an overview of available monitoring methods and predictive tools for each
objective within the adaptive management plan. These methods are discussed in detail in this
section. Both pre- and post-restoration monitoring activities are addressed.

Objectives — Hydrography and Water Quality. Existing and future tidal conditions and water
quality are and will continue to be monitored using electronic sensors and data loggers in a
number of monitoring applications for the Herring River project. Electronic sensors are highly
accurate (when maintained and calibrated), cost-effective, and capable of unattended continuous
logging and data storage for several months. Their use is extremely common in any type of
water-related environmental study. There are several types of instruments, but the most
commonly used for the Herring River are devices for measuring water surface elevation and



water column salinity levels. Other instruments for continuous data collection in the Herring River
are used to collect water quality variables (i.e., temperature, dissolved oxygen, pH, nutrients, and
turbidity), other hydrologic data (i.e., flow velocity), and non-water data (i.e., air temperature,
atmospheric pressure, and weather variables).

Data provided by automated instruments are the basis for the EFDC hydrodynamic model and
many other hydrologic-related predictions incorporated into the trade-off analysis tool (see Table
1). As the restoration project is implemented new data collected through the network of
automated sensors will be used to compare the original set of predictions with observed
conditions. Observed outcomes will be incorporated into the models and to develop revised
predictions to improve subsequent decision-making. Objectives and their measured attributes
most reliant on data collection from automated sensors are:

e Tide range

e Hydroperiod

* Marsh surface drainage
e Salinity

e pH

* Dissolved oxygen

* Prevention of flooding of private structures and public roads

In addition to these specific objectives continuous data may also be used for analysis of other
water quality and habitat suitability assessments.

Starting in 2017 the Seashore began collaborating with FHR to expand the network of tide
monitoring locations as the project advanced toward the construction phase. Several long-term
tide, salinity, and water quality monitoring stations were installed. These stations include radio
telemetry systems to provide real-time data to the public via Internet. As Phase 1 of the project is
implemented, coverage of tide monitoring will expand throughout the floodplain. If or when tidal
influence expands beyond the extent of the Phase 1 project area, the tidal monitoring network
can be extended into other sub-basins of the Herring River.

Objective — Water Quality: In addition to data collected by automated loggers for dissolved
oxygen and pH, water quality data will be supplemented with synoptic grab samples taken from
the river and Wellfleet Harbor at several points throughout the floodplain. CCNS has collected
seasonal water quality samples since 2005 with the number of locations and frequency of
sampling varying because of changes in funding levels and personnel availability. Pending future
funding, synoptic sampling will continue up to the construction start and throughout the
implementation period of the project. In addition, USGS has installed, and has been operating
and maintaining surface water-quality and streamflow monitoring sites in the Herring River since
November 2015. The goals of this data collection program are to establish a pre-restoration
baseline water-quality dataset, and to evaluate differences in concentrations of nutrients and
other water-quality indicators between the Herring River and the receiving waters of Wellfleet
Harbor. CCNS and USGS staffs are collaborating to integrate long-term CCNS data and the



USGS nutrient flux data and to develop a strategy for the long-term monitoring of water quality of
the river and Wellfleet Harbor as the Project is implemented.

Water quality sampling will also include levels of fecal coliform bacteria to monitor the expected
reduction of bacteria exported from the Herring River to Wellfleet Harbor. This will build on a prior
study (Portnoy & Giblin 2006) which demonstrated that dilution with seawater resulting from
increased tidal exchange would reduce the occurrence of bacteria originating from the river.
Additional baseline data for fecal coliform bacteria will be collected before construction begins
and will be repeated seasonally as tidal flow is restored. This will be conducted to evaluate the
objective to avoid impacts to Wellfleet Harbor aquaculture areas.

Objective — Habitat Quality: Shellfish habitat suitability will be assessed based on changes in
tide range, salinity, and substrate condition (i.e. mud, sand, gravel, etc.) in order to quantify
expected increases to potential shellfish growing habitat, independent of whether the area can be
opened to harvest based on fecal coliform counts.

Objective — Habitat Quality: A comprehensive survey of benthic macroinvertebrates was
completed by CCNS as part of a comprehensive assessment of aquatic habitat of the Herring
River between 2013 and 2015 (Fox, et. al. 2017). Samples were taken from 92 stations from
above High Toss Road and extended seaward to Wellfleet Harbor. This monitoring effort will be
repeated periodically as tidal exchange is restored to assess the objective of maximizing habitat
quality for native estuarine animals.

Objective — Marsh Surface Elevation Change: Data relating to sediment dynamics and marsh
elevation have been collected by CCNS since at least the early 2000s. The most prominent of
these datasets are from an array of surface elevation tables (SETs) installed at three locations in
the Herring River floodplain. These are part of the larger network established and administered by
the NPS to document long-term changes to marsh elevation and accretion rates at coastal parks
throughout the Northeast Region. SETs are used in conjunction with feldspar marker horizons to
provide information about the vertical position of marsh surfaces in relation to local sea level.
These stations will be maintained throughout CCNS, including the Herring River project area, for
the duration of the restoration project. The Herring River SET array has been augmented by an
additional station, installed in the tidally unrestricted Blackfish Creek salt marsh system to serve
as a reference site for the Herring River. Additional SETs and other methods for documenting
accretion and marsh surface elevation changes resulting from the Herring River project are also
being considered. Alternate methods include direct ground survey measurements along
established transects throughout the floodplain. These data will address the objective of marsh
surface elevation change. They are also linked to other sediment-related data focused on
Wellfleet Harbor, discussed below.

Objectives — Habitat Quality and Marsh Surface and Benthic Elevation Changes: In addition
to the sediment deposition and accretion monitoring methods for the marsh surface areas of the
Herring River floodplain, information on sediment grain-size; suspended sediment load; and
harbor bottom elevations has been collected — and is planned to assess whether any future
changes to sediment transport in Wellfleet Harbor are the result of increased tidal exchange in
the Herring River. In 2005, 2010 and 2017 sediment samples were collected from the surface of
the tidal flats near the Wellfleet Harbor aquaculture areas in order to evaluate grain-size
distribution and organic content. As the restoration project proceeds, this sampling will be



repeated and the results compared to the baseline data to help understand whether the restored
flow in the Herring River may affect sediment composition in the harbor. Additional sediment
related monitoring that will help inform river and harbor sediment dynamics during restoration and
to avoid impacts to Wellfleet Harbor aquaculture areas includes benthic habitat mapping to be
conducted by the Center for Coastal Studies and USGS suspended sediment sampling at the
CNR dike.

Objective — Emergent Vegetation: Long-term vegetation transects and multispectral and low
altitude imagery classification are being used to monitor changes to vegetation in the Herring
River floodplain resulting from restored tidal exchange. Long-term vegetation transects were
established by CCNS in 2004 and vegetation data have been collected at approximate five-year
intervals. This will provide at least four data sets of species coverage and distribution before the
project is implemented. During the restoration, sampling along the same transects will be
conducted at shorter intervals as tidal range is increased. Vegetation transect-plot data will
monitor species level changes that occur over the long-term and will be used to assess the
objective to restore native halophytic vegetation.

Broad scale changes to wetland habitats will also be monitored using seasonal multispectral
imagery and low altitude aerial photography. This will build on the classification and quantification
of baseline wetland habitat conditions conducted by CCNS using remote sensing data from 2013
and completed in 2018. This analysis resulted in a stream-lined process for image classification
and ground-truthing that will be repeated to update conditions prior to project implementation and
as tidal exchange is restored. As a complement to the detailed species-based inventory of the
transect-plot sampling, multispectral analysis will provide a more general assessment of changes
in habitat types and structure for the entire project area. Aerial based mapping will also provide
the ability to monitor a number of hydrologic metrics (e.g. areas of ponded water, changes to tidal
channel morphology) and possibly marsh elevation and sediment dynamics.

Objective — Connectivity for Diadromous Fish: Surveys of river herring (Alosa spp.) have been
conducted by volunteers managed by Friends of Herring River since 2009 using methods
developed by the MA Division of Marine Fisheries and the Association to Preserve Cape Cod.
These semi-quantitative counts provide information about the relative abundance of migrating
herring from year to year and comparisons with similar herring runs on Cape Cod. In addition,
researchers from USGS and UMASS-Amherst have conducted a detailed study of herring
movements along the Herring River (Castro-Santos and Alcott, in press) using electronic tagging
methods. FHR volunteer counts are expected to continue as long as volunteers are available and
the program can be managed. Additional intensive surveys could be performed after tidal flow is
restored, pending availability of funding and personnel. In concert with other, indirect hydraulic
metrics, such as configuration of tide gates and resulting flow velocities, these data will be used
to assess the objective to maximize anadromous fish passage.

Objectives — Recreation and Public Safety: Observations of visitor activity will be used to
assess the socio-economic objectives of maximizing recreational opportunities while minimizing
risk of injuries or accidents. Potential new recreational opportunities include, but are not limited to,
increased access for and quality of kayaking/canoeing, fishing, shellfishing, and hiking. Potential
risks include, but are not limited to, increased boating activity near the new CNR bridge, changes
in tidal flows that affects recreation, and the inherent increased risk resulting from expected
increased activity levels. Refinement of recreational and other socio-economic objectives and



their associated monitoring techniques for baseline and future conditions are still under
development by the project team and USGS decision scientists.

Objective — Public Satisfaction: Refinement of objectives and monitoring techniques related to
general public satisfaction of project effects, including changes to viewscapes, potential changes
in odors, and perceived loss of privacy for residents are under development. It is likely that
monitoring will occur through a combination of public surveys and by tracking and documenting
incidents and complaints presented to project managers.

Objective — Public Viewscapes: Time series photo documentation used in combination with
public surveys are planned to evaluate a number of aesthetically based objectives, including
viewsheds from both private residences and public access points. Fixed stations will be
established and photographs will be made at regular intervals to track vegetation changes and
other factors that contribute to viewshed quality.

Objective — Climate Change: Detailed measurements of carbon storage and fluxes between
water, soil, and the atmosphere have been made by the Bringing Wetlands to Market project
team since 2016. In addition to establishing the baseline understanding of carbon dynamics in the
Herring River, these data will also be applied to a carbon flux model (Abdul-Aziz and Ishtiaq
2015). This model uses relatively simple inputs of salinity, water depth, water temperature, and
light to generate predictions of Net Ecosystem Productivity (NEP) under future tidal conditions.
Pending available funding and personnel, carbon flux measurements will be repeated until the
NEP model can be verified.

Objective — Natural Mosquito Control: Mosquitoes have been monitored in the Herring River
by CCNS and Barnstable County Mosquito Control Project primarily using larval counts. Counts
of adult mosquitoes and larvae are standard methods for species distribution and population
estimates. Other metrics relating to mosquito breeding (i.e., ponded water, salinity levels) will also
be used to assess the extent of breeding habitat for fresh, brackish, and saltwater species.
Mosquito counts will also continue for the duration of the project.

Objective — Cost: Actual costs, including financial expenditures, human resources, and other
costs will be modeled and monitored in the same manner as ecological and socioeconomic
objectives. Cost estimates will serve as the model, or prediction, and actual expenditures will
provide the monitoring data. As the project is implemented, actual costs will be tracked and
compared to cost estimates in a systematic manner to improve future cost estimates and
increase efficiency.

Objective — Threatened and Endangered Species: In order to understand how populations of
state-listed rare, threatened, and endangered species respond to tidal restoration, implementing
monitoring plans for these species and their habitats is a fundamental Project objective. The
capacity of the Project to implement these plans and provide timely information to the MA Natural
Heritage and Endangered Species Program (NHESP) will be tracked and used to assess the
probability that monitoring and reporting can be completed to predict the effects of future
management actions. This information will be presented in a detailed Habitat Management Plan,
which is under development and will be subject to approval by NHESP.





