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Exeaitive Summary

Spanning the towns of Hampton, Hampton Falls, and Seabrook in New Hampshire and the Town of
Salisbury in Massachusetts, thdampton-Seabrook Estuary is avast ecological systemcomposed of

salt marsh, sand dunes, beaches, tidal waters, anaickish streams, all of which ultimatebjrain to the
Atlantic Ocean through Hampton HarboAsone of two estuaries of national significance in New
Hampshire, the HamptorSeabrook Estuary is theecond largest estuary with the largest continuous
area of alt marsh in New Hampshire and contains the last remaining sand dunes and most productive
clam flats in the state. The estuaryaspivotal connector that provides habitat continuity between the
Gulf of Maine and the Great Marsh to the south in Massactaised thus supports critical roosting,
feeding, and nesting grounds for shorebirds and salt marsh sparrows. The towns of Hampton, Hampton
Falls, and Seabrooklepend on the estuary for tourism, commercial and recreational fishing,
recreational shellfishing , aquaculture, and critical ecosystem servicessuch as flood protection and
carbon sequestration.

The estuary has been significantly altered from human activities over time. These alterations have made
the estuaryless resilient and less capable of performing important ecosystem functions and
servicesthat benefit both humans and wildlife. Because of these alterations, the following habitat and
wildlife impacts have been documented:

1 Dune habitat in the watershed has declined by nearly 844e to fill and development.

1 Salt marsh areain the watershed has declined by 614 acres due to tidal restrictions, invasive
species colonization, fill, and ditch excavation.

9 Shorebird roosting has decreased within the estuary due fncreased disturbance from
construction, rising waters, and more frequent flooding.

1 River herring in the Taylor River and small fish in the estuarylaage have decreased
dramatically despite rebounding in Great Ba

1 Clam populations have declined in the estuary since 1997.

These alterations and their impacts stem from activities surrounding hundanelopment. The land
immediately surrounding the estuary and salt marsh is highly developed with residences, comrhercia
businesses, roads, and other impervious surfacEbe 2018State of Our Estuaries Repadentified
increasing impervious cover as a significant pressure indicator for the Hampt&eabrook Estuary
watershed. Dense residential and commercial developmgpeyticularly centered around Seabrook
Beach, Hampton Beach, and the U.S. Route 1 coryidas fragmented oreplaced critical wildlife
habitat, generated stormwater runoff that conveys pollutants from impervious surfaces to the
estuary, andconstrained natural salt marsh migration in response to sea level rise. Direct human
impacts to the estuary and salt marsh have included historic ditching, dredging, and tidal restrictions, in
addition to indirect human impacts from climate changsuch as sea level Bsand changes in
precipitation patterns and air temperature. The combination of coastal inundation from sea level and
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groundwater rise and storm surges following large precipitation events are puttiogimunities and
infrastructure at great risk due to mor e frequent, intense, and prolonged flooding. Hampton alone
accounts for 42% of floodelated losses and damages in the last 32 years within Rockingham County
and 20% of the losses statewide.

Other threats to the estuary include wastewater from malfunctiorg septic systems or leaky sewer
lines; soil erosion from construction activities, unpaved roads and trails, or banks; residential or
commercial fertilizer and pesticide use; hazardous waste; agricultural practices; pet waste; nuisance
wildlife such as lege congregations of waterfowl or seagulls attracted by hunratated activities; and
invasive species.

The HamptonSeabrook Estuary is atontinued risk because of new developmentand increasing
human population in the watershed, which will beompounded by the stress imposed by ongoing
climate change. Impacts to infrastructure and critical facilities from enhanced flooding will come at a
high economic and environmental price unless resiliency techniques are implemented. For example, it
is expected that mee salt marsh will be lost in the future from sea level rise. The continueddbsalt
marsh will increase local flood risk and reduce critical habitat for a variety of wildlife.

TheHampton-Seabrook Estuary Management Plan (EMR)ses s@nce, data, and policies on current

and future threats, conditions, and uses of the estuary to formulate effective management strategies
that can be implemented by the communities of Hampton, Hampton Falls, and Seabrook and numerous
other partners and stkeholders. The EMBerves as a roadmagor the collaborative management of

the estuary across stakeholder groups, regardless of political boundaries. The hope is that the EMP
Ed«UéaxeUé| 628 | @ 00®2¢ééd| O®E grevided # hobshczmartagededt| é p & &
approach for the communities to achieve their shared vision.

We set the EMP f@0 years as a manageable time spato coordinate and carry out the recommended
strategies and actions. Beyond 10 years, there are usually new technologies, new funding sources, new
data, new partners, and new understanding related to the estuary that should beveduated and
updated to keep this document relevant.

Numerous partners and stakeholderincludingSHEA have been involved with research, monitoring,
planning, and management of the HampteBeabrook Estuary over the years. Key partners include the
National Oceanic ath Atmospheric AdministrationNOAA, the U.S. Environmental Protection Agency
(EPA, New Hampshire Sea GrantNew Hampshire Department of Environmental ServiddsiDES,
New Hampshire Fish and GamdHFQG, Great Bay National Estuarine Research ReséBBNERR,
University of New Hampshir&JNH), UNH Cooperative ExtensionNew Hampshire Coastal Adaptation
Workgroup (CAYY Piscataqua Region Estuaries PartnershiPRER, and Rockingham Planning
Commission RPQ. Additional stakeholders include thg.S. Army Cops of Engineers U.S. Fish and
Wildlife Service YSFW$ New HampshireAudubon, Northeastern Regional Associationof Coastal
Ocean ObservingSystems(NERACOOS The Nature ConservancyNQ, and Rockingham County
Conservation DistrictRCCD. With the help of partners, SHEA has led the establishmeloald Smart
Roundtables and important groups such a# | x a&d Odagiaé Hazards Adaptation TearGHAT),
c2|] ©éU0UOge , U| e &ERManb thetHamMpiorSEabrook Estuhrk Col@iboratielSEQ.
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Development of the EMP began with research and monitoring studies of the estuary that have
contributed to our foundational knowledge of the ecological structure, function, and value of the
Hampton-Seabrook Estuary. O#r studies have provided additional assessment findings and
management recommendations over the years.

As part of the preliminary EMP development stage several major projects were undertaken by SHEA: (1)
an audit of existing land use planning and municipmput in 2020; and2) a publicvisioning survey in
2021 and (3) apartner survey, three workingwebinars on salt marshes, and development of a
Prospectus from 20202022 to better understand the existing science and needs of the estuary
conjunction with the HSEC.

During the active EMP development stage these documents and more (such as regional reports) were
reviewed and integrated into the EMP by FBviEonmental Associates (FBE) to provide a holistic
overview of research, monitoring, planning, and management work in the Hamy8eabrook Estuary
watershed. Development of the EMP was also guided by review and input froéeclanical Advisory
Committee, whose members represented the following stakeholders: SHEA, NHDES Coastal Program,
NHDES Shellfish Program, PREP, NHFG, USFWS, New Hampshire Sea Grant, New Hampshire Audubon,
RCCD, towns of Hampton, Hampton Falls, and Seabrook, and Normandeau Associates (se
Acknowledgements). As a continuation of the municipal and public outreach efforts by SHEA, FBE
completedinterviews in 2022 with eight different municipal officials or employees and private sector
professionals SHEA conducted additiondistening sessions with Winnacunnet High School biology
students in 2022 to better capture the interests and concerns of younger generations in the vision
statement and goals of the EMP. Finally, ShEgsented draft chapters and solicited feedback from
selectboards, planing boards, conservation commissions, and other municipal groups in each of the
three towns in fall 2022.

Stakeholder engagement, much of which has been led by SHEA, has been one of the most critical
components to the successful development of the EMM aill continue to be one of the most critical
components to the successful implementation and execution of the EMP.

The HamptonSeabrook Estuary is a thriving and resilient estuarine environment, home

to healthy, diverse populationsfah, shellfish, birds, plants, and other native species

and sustainably used by surrounding communities for its aesthetic, recreational, and
economic benefits and ecosystem services. Local governments, residents, and visitors
recognize, respect,andenfjon e wat er shedes ecfreembraghed, and e h a
clean waters which form the bedrock of their community. Development occurs in a
manner that protects both natural resources and infrastructure and allows the estuary and
its watershed to natuiyaadapt to the effects of climate change, including, but not limited

to, groundwater and sea level rise, coastal storm surges, and flooding.

Vi
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Five goals are presented in this EMP, eanbompassingseveral objectives. Each of the figealsis a
topical theme derived from the vision statement for the estuary. Objectives identified for each goal
provide specific targets to fulfill each goal. Some objectives are relevant to multiple goals but are only
shown once under the most applicablgoal. For example, Goal 2 objectives offer natural strategies to
combat flooding, while Goal 5 objectives offer strategies related to municipal land use planning and
equity principles that also address flooding or the environmental justice impacts fronoding.
Subsequent sections of this EMP identify strategies or specific actions to achieve each objective, along
with criteria to evaluate the successful execution of each strategy or action item.

With historic and current human acties threatening the estuary and surrounding landscape,
implementation of robust management strategies will be needed to maintain and/or restore the
28600 épgeé 2«UOUE«| O é62¢uE«2eéeb xUes 2eax2«E| O0p
wildlife in the area. Strategies outlined in this EMP include stormwater management and pollutant
reduction measures, flood response, shoreline stabilization, land conservation, local planning and
regulations, harbor operations and navigation, shellfish maeagent, wildlife habitat protection,
environmental justice, and public access.

High priority actions that the Technical Advisory Committee identified as needing to be addressed in the
nearterm include the following (refer to Appendix B for the complest &f actions):

1 Stormwater and other pollutant reduction management measures: require lowimpact
development techniques; enhance buffers; optimikéunicipal Separate Storm Sewer System
(MS4 compliance; enforce septic system regulations.

9 Salt marsh resiliency and flood response stabilize banks through living shorelines; conserve
and/or restore natural buffer and migration areas; remediate ditching; replace restrictive tidal
crossings.

f Local planning and regulations: adopt the Hamptorc 2 | ©é UUO 3 Q_ E@oU 2| «A

Plan; implement coastal resilience report recommendations; limit developmer@onservation
Focus AreasgQFA¥ develop liaison programs for communiyased organizations tparticipate

in hazard mitigation and climate resilience planning; enhance emergency access and evacuation
routes; provide affordable, resilient housing; require hazard zone disclosure information be
provided to new homebuyers and renters.

1 Shellfish management: continue to fund the NH Shellfish Program; continue to document+ain
driven water quality impacts on shellfish growing areas.

1 Improve wildlife habitat : remove barriers to fish passage.

9 Harbor navigation: use beach profiling data to inform where dredgeaterials may be most
beneficial.

1 Research and networking coordinate a water level gauging network for the Hampton
Seabrook Estuary; evaluate six existiBgrface Elevation TableSET3$on a btannual cycle;
coordinate with other stakeholders to build aense of shared ownership; initiate losigrm

Vii
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vegetation monitoring in the salt marsh; develop a sediment budget for the estuary; investigate
the effects of tidal crossings and their replacements on salt marsh health; conduct an
assessment of the economienpacts from sea level rise; complete assessment of nutrients,
sediment, seagrasses, fish, and oysters to determinezanability in health.

9 Outreach and community engagement enhance public access and recreational engagement
safely and equitably; insthlinformational kiosks at viewpoints; convene cleaip days; offer
field trips; distribute information on coastal resiliency through a variety of formats; engage with
community-based organizations and youth groups.

The recommendations othis plan will be led largely by SHEAwith assistance from a diverse
stakeholder group, including representatives from the towns (e.g., select boards, planning boards, and
conservation commissions), state and federal agencies or organizations, nonprofits, land trusts,Ischoo
and community groups, local business leaders, and landowners.

The cost of successfully implementing the plan is

highly variable depending on numerousgactors. This
financial investment can be accomplished through
variety of funding mechanisms via both state an
federal grants, as well as commitments fron
municipalities or donations from private residents
SHEA and the HSEC plan to work collectively a
diligently to support and assist the communities ir
identifying and securing grants to support the
implementation of EMP action itemf significant
note, this plan meets the nine planning element
required by the EPA for an alternative watershel
based plan, and eligible entities within the
watershed are now eligible for federal watershed
assistance grants.

Climate change disproportionately affects the mos
vulnerable people within a community, including the
elderly, disabled, and impoverished, dn the

watershed communities of the HampteB8eabrook

Estuary are no exception. Acknowledging an
considering community demographics and theil
vulnerabilities in climate change adaptation planning

A Note for Municipalities

Municipalities are oftentimes strained to meet the
high financial obligations of addressing a
multitude of issues important to their
communities, with the actios in this EMP
representing only a fraction of the issues that
municipalities are compelled to address. With
that understanding, municipalities are not alone
in shouldering the costs of implementing this
EMP. In fact, it is expected that SHEA and the
HSEC vil be able toassist infinding

opportunities to financially support the actions of
this EMP through numerous grants (see Funding
Opportunities). The Action Plan (Appendix B)
identifies municipalities as primary or secondary
responsible parties for mostfdhe actions
because most actions cannot be completed
without municipal support or action. It is the
hope that this EMP will serve as a jumping off
point for building an even stronger and more
cohesive watershedvide stakeholder team that
works together b achieve the goals and
objectives of this EMP.

at the local, state, and federal levels are critical to prtieg all people within a given watershed.

Environmental issues often eoccur with economic and social issues, and municipalities need to be
prepared to address multiple issues at once. Whether it is choosing which structures to protect or
assisting in réocation efforts, it is essential that municipalities make decisions and allocate resources in
an equitable manner that takes into consideration the needs of its most vulnerable residents.
Considering environmental justice principles in municipal planning is still in its infancy and much

viii



work is being done to advance our understanding
of what it means and how it can be best
incorporated into planning.

The success of this plan is dependent on the
continued effort of volunteers and a strong and
diverse stakeholder group (such as the HSEC) tha
meets regularly to coordinate resources fo
implementation, review progress, and make an
necessary adjustments to #h plan to maintain
relevant action items and interim milestones
Achieving the vision for the estuary is no easy task
and because there are many diffuse sources
pollutants reaching the estuary from existing
development, roads, septic systems, and otHand
uses in the watershed, along with myriad othe
dAéz2 | 6ée oU oAz il fedujreéap g
integrated and adaptive approach across many
different parts of the watershed community to be
successful.
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A Note for Municipalities

Municipal engagement is a critical piece in the

successful implementation of this plan. With

cA3 gé éomxxeUéd | I® (O0E®| @«?2
prioritizing actions and fundingpportunities,

each town can use this plan to align their
«UxxO0@PEdpPpEE UEEGEUQ® | ® 0| 99
the goals and actions specified herein. The first

step that each town can take is to adopt this plan

as an addendum to their master plan. The second

step is for each town to send one or more

representatives to meetings of groups such as

CHAT and the HSEC. The third step is for town

staff to have at least annual meetings with SHEA

to review the status of action items relevant to

the town. SHEA plans tdwg regular

presentations to the town boards to keep
Hampton-Seabrook Estuary tof-mind.
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Introduction

EstuaryLocation& Description

Spanning the towns of Hamptortlampton Falls,and Seabrookin New Hampshireand the Town of
Salisburyin Massachusettdhe Hampton-Seabrook Estuary is a vast ecological system composed of
salt marsh, sand dunes, beaches, tidal waters, and brackish streamsall of which ultimately
discharge to the Atlanti Ocean through Hampton Harbor (Figures 1 andrBp45.5squaremile estuary
watershed alsextends intoportions ofthe New Hampshire towns ¢fensington, Exeter, Stratham, and

Hampton

Landing Bk.

Taylor R.

yDrakesR
Kenney Bk. —
Hampton Falls R,

Browns R
Hunts Island Ck, i

Farm Bk.

Hampton Falls

o Hampton R.

Hampton Harbor

Seabrook Blackwater R.

Shepherd Bk.—"\

Cains Bk.

4@,

%gl?;%uttle R. ,
Salisbury f >
S

s

~Dead Ck.

Town Border

D State Border
B cstuary rt

Salt Marsh

0 0.5 1 Miles
IS E—

Figure 1. Hampton-Seabrook Estuarghowing open wateand salt
marsh area within town and state boundaries.

North Hampton(Figure 2). Abou2%
of the watershed resides within New
Hampshire, with the remainind.8%
in MassachusettéFigure 2).

As the second largest estuary in
New Hampshire the 1,470acre
estuary(see blueareain Figure 1)s a
tidally dominated, barrier beach
system that is surounded by
expansive salt marsfsee greerarea
in Figure 1}Jones, 2000; Eberhardt &
Burdick, 2008)At high tide, the main,
open water portion of the estuary is
475 acres with 72 miles of tidal
shoreline (PREP, 2015)The salt
marsh surrounding the estuary is
the largest continuous area of salt
marsh in New Hampshire,covering
approximately 4,50 acres 32%
(1,463 acreg of which is within
Hampton, NH, 27% (1,240 acres)
within Seabrook NH, 23% (1,071
acres) within Salisbury, MA, and the
remaining 18% (797 acreg within
Hampton Falls, NH(Figure 1) The
estuary,which includesthe Hampton
River, is fed by six freshwaiznd tidal
tributary river systems: Tayloand
Drakes ivers, Hampton Falls River,
BrownsRiver and Hunts Island Cregek
Cains Brook and Mill Cregek
Blackwater and LittleRivers,and Tide
Mill Creek(Jalbert Leonard, Dionne,
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Lucey, Mattera, & Meaney, 20ZE)gure 1) The confluence fothe HamptonFallsand TaylorRvers
createsthe Hampton River which broadens into HamptoHarbor. The lower reaches tie tributary
river systems become brackighom tidal influence as they approach Hampton Harbor.

Tides within theestuary are semdiurnal and regulated through thdredged HamptorHarborinlet, with

a mean tidal range d.0 feet(SLR, 2021At mean low tide, water depth is rough2 feetat the harbor
entrance and less thaB feetwithin the tidal creeksand rivers(Jones, 2000)The HamptorRSeabrook
Estuary is generally wethixed due to shallow water depths and relatively little freshwater inputu$h
thermal stratification is rarely observed in thastuary, however,temporarydensity-driven stratificaion
can form during heavy rainfall events. Salinity in testuary is dependent on freshwater input from the
watershed and is usually lowest in the spring and highest in the summer and earlyGiadhter
streamflow in the springs caused bysnowmelt, heavy rainfall, and low evapotranspiratipwhile
reduced streamflow in the summer and early fall is caused by light falinand high rates of
evapotranspiration(Nash & Dejadon, 2019)

The Hampton-Seabrook Estuaryis one of two estuaries of national significance in New Hampshire

with the other being the Great Bay Estuaife main differences between the Hampte8eabrook and
Great Bay estuaries are in both geomorphology and biota as the Hamfgibrook Estuary cdains
sand dunes that suppora variety of unique flora and faundalbert Leonard, Dionne, Lucey, Mattera, &
Meaney, 2021)Regionallythe Hampton-Seabrook Estuary is a pivotal connector that provides
habitat continuity betwe en the Gulf of Maine and the Great Marsh to the south in Massachusetts
Thediversecoastal habitats that theestuary provides are home to softshellams, saltmarsh sparrows
piping plovers,diadromous fish populations, and many rare, threatened, and endered speciesAs

one of the most productive ecosystentfie expansivesalt marshesof the HamptonSeabrook Estuary
consistof a variety olspecies ofsalt-tolerant grasses and vegetatiothat provide valuable habitat to
wildlife. The estuaryalsocontainé Zd A2 O| é6 ¢é2 x| EQGEQ: é| O® ®6@2 & E¢
dA2 xUéo x=éU®b6 «dEU2 (RRER, 015/1alpedt &eorfard, Didnké, Luéed, Mattera, &
Meaney, 20213ndé 6 eeeeUé 8 & « é E 8 E « |, hd resting gréuhds Br;shorebirtistamiSatt ¢,
x| ééA & a(Ebethirdt &=zBurdick, 2008Yhe estuaryf &ch marine lifeZ from plankton to
invertebrates to fisk: generatesmportant recreational and commerciabpportunities for coastal New
Hampshire.Finally, he estuary and supporting salnarsh providea multitude of other ecosystem
servicegthat are critical to humansincluding, but not limited to, protection from flooding and storm
surgesand carbon sequestration.

Seabrook, NH salt marsh. Photo Credlt: Brian Whitney. 2
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The Hampton-Seabrook Estuary Management Plan(EMP) uses sciencedata, and policies on
current and future threats, conditions, and uses of the estuary to formulate effective management
strategies that can be implemented by the communities of Hampton, Hampton Falls, and
Seabrook and numerous other partners and stakeholders. Implementing these management
strategies will achievéhe visionfor the estuary, whictstakeholders identified as being sustainable,
healthy, and resilient environmenproviding ecosystem services for the benefit of communitiesda
wildlife.

The impetus fordevelopng the EMP waso streamlineall previous and ongoing efforts related to the
estuary into a single guiding documefdr more effectivestakeholdercollaboration. The EMPserves as

a roadmap for the collaborative management of the estuary across stakeholder groups regardless

of political boundariesMunicipalitiescanadopt all or a portion othe EMPas a companion document
dU 0A2E¢é EQOREUE®SO| O x| é062¢é 0| e U Al d 2| «A dU0u¢«
Stakeholders can use the EMP to prioritizganning and support funding opportunities for
implementation of the recommeded management strategies in the action plaBeabrookHamptons
Estuary Alliance (SHE®jII treat the EMP as aibrant working document to be updated on a regular
basis (every 840 years) so that the managemegobals, objectives, and actions are evaluatadainst
expected milestones and timeframes and adjusted accordingly to adapt to any changes in the shreat
conditions, and uses of the estuary over tinTehe hope is that the EMRcorporatesan understanding

of the estuarg &€ & 9 @ndl @ravitleé @ holistic management approach for the communities to
achievetheir shared vision.

Numerous partners and stakeholderincludingSHEA have been involved with research, monitoring,
planning, and management of the Hampte®eabrook Estuary ovehe years. Formed in 2013 by a group
of concerned residentsSHEAIis a nonprofit, community0| €2 ® Ué | GEA| dEUQ@ Z2 &6 |
protection of coastal and aquatic resources and the preservation of the SeabHmmkptons estuarine
system through educationk Ux x 6 GES p U0 8§ € 2 [SKHEBAD20228 & partheés Inglutlectidez
National Oceanic and Atmospheric AdministratioN@AA, the U.S.Environmental Protection Agency
(EPA, New Hampshire Sea GrantNew Hampshir®epartment of Environmental ServiceBlI(iDES,
New Hampshire Fish and GamdHFQG, Great Bay National Estuarine Research ReséBBNERR,
University of New Hampshif@NH), UNH Cooperative ExtensionNew Hampshire Coastal Adaptation
Workgroup CAW, Piscahqua Region Estuaries Partnershif’REB, and Rockingham Planning
Commission RPQ. Additional stakeholders include th&.S. Army Corps of Engineers US. Fish and
Wildlife Service YSFW$ New HampshireAudubon, Northeastern Regional Associationof Coastal
Ocean ObservingSystems(NERACOOS The Nature ConservandfNQ, and Rockingham County
Conservation DistrictRCCD

Beginning in 201Jollowing a series ofhree successfu * & E ORdo®@Smaric 2 | « UhprRsBops

in 2018, SHE has heldFlood Smart Roundtables informal discussiorbased meetings open to
seacoast New Hampshimesidents and property owners who want to learn more about flooding issues
and mitigation opportunities. SHEA invites guest speakers to present on key topics of interest such as
the June 9, 2022 webinar on the National Flood Insurance Program (N&HE)also launched in 2022
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a new section of their website featuring studebésed research related to the Hampte®eabrook
Estuary.

Establishingthe Coastal Hazards Adaptation Team (CHATh 2019 SHEA and the NHDES Coastal
Program teamed upvith the Town ofHamptonon aAong-term planning process to research and guide
coastal adaptation strategies to capwith coastal flooding from high tides, storm surges, and $eeel

é E éSHEA, 2022BRepresentatives from the Town of Hamptdaveincluded members of the Hampton
Board of Selectmen, Planning Board, Zoning Board of Adjustment, Department of Public Works, Hampton
Beach Village District, Hampton Beach Area Commissisnyell athe Hampton Town Planner, Hampton
Conservation Codtlinator, and three representative residents from different neighborhoods impacted by
rising tides and storm surgest the time of this publication, CHAT continues to meet monthlgtipport

the implementation of its recommendationelated toflooding, coastal hazards, and coastal planning.

Formedin 2020and led by PREFEPA and SHEAwith assistance from Roca Communicationkget
Hampton-Seabrook Estuary Collaborative (HSEC} a group of local, state, and federal organizations

focused on alijning resources and activities to improve the lotgrm health and vitality of the
Hampton-SeabrookEstuaryand its communities(PREP, 202 A2 Ac 3, gé é822¢E@¢ «Ux
representatives from the USFWS, NHDES Co&stajram Great Bay NERR, NOAA. BWrmy Corps of

Engineers, National Fish and Wildlife Foundation (NFWF), UNH, New Hampshire Sea Grant, New Hampshire
Audubon, NERACOOS, Atlantic Coast Joint Venture, and local government commigéibrfanding from

NOAAand USFWSHEA hire&F Design & Planning, LLC to serve as an Interim Collaborative Coordinator
(ICCjor at least eight months from August 202%ril 2023 The ICC facilitates HSEC meetings, identifies

funding opportunities, and provides grant support.

Development of the EMMegan with research and monitoring studies of the estuary that have
contributed to our foundational knowledge of the ecological structure, function, and value of the
Hampton-Seabrook Estuary Other studies have provided additional assessment findings and
management recommendations over the yeartn 2006,a watershed management plan was
developed for the Cains Brook and Mill Creek subwatershed areaf the estuaryand included
recommended managment actions for a portion of the HampteBeabrook Estuary watershed
(Waterfront Engineers, Inc, 2008h 2008, omprehensive restoration strategies for the € 0 6 | é p & é
habitatswere developed as part of@mpendium document (Eberhardt & Burdick, 2008 2015, PREP
completed the Piscataqua Region Environmental Planning Assessment (PREP#/r the Hampton

Seabrook Estuary watershed, including Hampton, Hampton Falls, and Seabrook, whigbvided

prioridp €é2 «Uxx2 @g®| 8 EUGEé EQ@ direngthéringaléidpal adtuta®resouad) é x | o
protection regulations(PREP, 2013 2019, NHDES completedanitary survey of Hampton Harbor,

which included an irdepth review of ptential pollutant sources to the estuarfNash & Dejadon, 2019)

In 2019, CHAT completedxuation Assessmento better understand flooding impacts, costs, concerns,
and experiences in Hampto(EF Design & Planning, LLC, 2088)well as &019 CHAT Revieithat
provides a summary of CHAT processes and procedures, mapping, rescamdagsearch findings related

to coastal flooding in HamptonSHEA & NHDES Coastal Program, 20B9)December 2020, CHAT
prepared and presented draft recommendations for the Town of Hampton to best adapt to or mitigate
impacts from sea level rise, tidal flooding, and storm surge actiyBHEA, 2022bln 2021, the Town of
Hampton updated theirCoastal Resilience Repor{SLR, 2021 time for a complete update of their
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Master Planwhich is still pending at the time of this EMP publicati@mwn of Hampton, NH, 2021; Town
of Hampton, NH, 2023)

From 2022022, HSEC distributedsarvey to partners, held three working webinars, and developed a
Prospectus(Jalbert Leonard, Dionne, Lucey, Mattera, & Meaney, 202i8tter understand the existing
science and needs of the estuarurvey respondents indicatedignificant data needs for better
understanding all four topic areas (satiarshes, water quality, fish and wildlife, and water level dalaix

salt marshes stood out as the top prioritdata need. Three working webinars were held to better
understand saltmarsh science, monitoring, and management. Information gained from the survey, HSEC
meetings, and webinars were summarized in tfospectus In addition, @ online tool calledZ h A 2

, Ux x U @észreated to help partners easily identify projects, resour@es] potential partners for
science and monitoring collaborations in the Hampteédeabrook Estuar{fPREP, 2022n 2022, &-page
summary document was created by the USFV&8d NOAAwith input and assistance by the HSEC, to
highlight ongoing work and opportunities for additional investmeirt the HamptonrSeabrook Estuary
watershed the document has been used as a communication tool when speaking with potential funders
(Meaney, 2022)

As part otthe preliminary EMP development stage, two major projects were undertaken by SHEA: (1) an
audit of existing land use planning and municipal input in 2020; and (2) public visioning survey in
2021.For the audit,SHEA hired EF Design & Planning, LLC mapteie a review of municipal planning
documents and ordinances related to land use development and natural resource protection in the towns
of Hampton, Hampton Falls, and Seabrodkiis assessment of current municipal estuary management
and planning effors, along with input from municipal staff and boardslentified the need for a single
guiding document for protecting and managing the estuary amelped informd A2  3n@naged@ent
strategies. For the public visioning surve\6HEA with assistance from th Farrell Strategic Groyp
deployed a 3@juestion online survey to residents and visitors of Hampton, Hampton Falls, and
Seabrook The resultsare presented in theéPublic Visioning Survey RepdFarrell Strategic Group, 2021)
and summarized in the Visidior the Estuary sectiorinsights gained from the public survey were used
to inform the vision statement

Duringthe recentEMP developmenstage these documents and more (such as regional reports) were
reviewed and integrated into the EMP by FB Environmental Associates (FBE) to provide a holistic
overview of research, monitoring, planning, and management work in the Hamy8eabrook Estuary
watershed. Development of the EMP wadso guided by review and input from @echnical Advisory
Committee, whose members represented the following stakeholders: SHEA, NHDES Coastal Program,
NHDES Shellfish Program, PREP, NHFG, USFWS, New Hampshire Sea Grarpéiive Audubon,
RCCD,towns of Hampton, Hampton Falls, and Seabrook, and Normandeau Associfes
Acknowledgementys As a continuation of the municipal and public outreach efforts by SHEBE
completedinterviews in 2022with eight differentmunicipal officials or employees and private sector
professionals These interviews provided additionabmmunity insightinto 3 A2 2 é386| épgé dAé
valuesand informed the vision statement(refer to Vision for the Estuary section for a discussion of
interview results) SHEA conducteaadditional listening sessions with Winnacunnet High School
biology students in 2022to better capturethe interests and concerns gfounger generations in the
vision statement and goals of the EMRnally, SHE@resented draft clapters andsolicited feedback

from selectboards, planning boards, conservation commissions and other municipal groups in

each of the three town fall 2022Stakeholder engagement, much of which has been led by SHEA, has
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been one of the mostritical components to the successful development oetEMP and will continue
to be one of the most critical components to the successful implementation and execution of the EMP.

EPA guidance lists ninelementsthat are required within a watershed management plan to restore
waters impaired or likely to be impaired by nonpoint sour®PS)pollution and be eligible fofederal

grant funding. Many of these elements are gearedidod achieving single pollutant target reductions in
surface waters; however, water quality is only one component of the goals set forth in this EMP. Other
goals also include habitat restoration, native wildlife protection, community resiliency, public access,
and environmental justice.

The nine required elements found within this plan are as follows:

A. IDENTIFY CAUSES AND SOURCES OF POLLUTRONDEGRADATIONThe Current
Environmental Conditions and Uses of the Estusegtionhighlightssources of NPS pollutioto
the estuary and describes the environmental condition of key natural resources.

B. ESTIMATRNUMERIC OUTCOMESPECTED FROM MANAGEMENT MEASdRrEStification
of pollutant load and reductions or other metrics expected from management measures were
not performed for this plan, which may be acceptaltlg EPAas an alternativevatershedbased
plan given the broader goals and objectives set for the estuary

C. DESCRIBE MANAGEMENT MEASURES TO AGOEYEThe Management Strategisgction
and the Action Plan (Appendix B)entify ways to achievehe goals and objectiveshrough
general management strategies aride implementation ofspecific action items.

D. ESTIMATE TECHNICAL AND FINANCIAL ASSISTANCE NEE®AioN Plan(Appendix B)
includes a description of theestimated associated costspotential sources of funding, and
primary authorities for implementation. Sources of funding need to be diverse and should
include local, state, and federal granting agencies, local up®, private donations, and
landowner contributions

E. DEVELOP EDUCATION & OUTREACH Pl anagement Strategiesectiondescribes how
the educational component of the plan is already being or will be implemented to enhance
public awarenes®f the plan and participation in plan implementation activities

F. DEVELOP AN IMPLEMENTATION SCHEDTHdAction Plan (Appendix Bjrovides a list of
action items and recommendations. Each item has a schedule that defines when the aation
likely begin and/or end or run through (if an ongoing activity). The schedule should be adjusted
by SHE/on an annual basis (sabe section onAdaptive Management).

G. DESCRIBE INTERIM MEASURABLE MILESTONESPlan Implementation & Evaluation
sectionoutlines indicatorsand milestonesfor success thatanbe tracked annually.

H. IDENTIFY INDICATORS TO MEASURE PROGRES®{an Implementation & Evahtion
sectioncan be used to determine whethenilestonesare being achieved over time, substantial
progress is being made towardbe goals and objectivesand if not, criteria for determining
whether this plan needs to be revised.

I. DEVELOP A MONITORINGAR:ThePlan Implementation & Evaluatiogectiondescribes the
long-term monitoring strategy fothe HamptonSeabrook Estuarythe results of which can be
used to evaluate the effectiveness of implementation efforts over time as measured against the
criteria in (H) above. The success of this plan caly be evaluated with ongoing monitoring and
assessment
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Current Environmental
Conditions& Uses of
the Estuary

The following section describes the curremnvironmental conditionsand uses of the Hampton
Seabrook Estuary, including an overview of climate; tides, streamflow, and flooding; water qsalityg;
dunes, beaches, and shorelingalt marsh and vegetation; watershed land use; conservation arists,

birds, and other wildfe; shellfish and harvestingand other recreational and commercial uses.

ClimateOverview

The HamptonSeabrook Estuary watershed wituated within a temperate zone of converging
weather patterns from the hot, wet
southern regions and the cold, dry
northern regions, which causewarious

. : i f\"" -
; \A.ZA/\WV\/[\ ’.,\E-?"\}FAP‘%?L \J\/A\/ natural phenomena such as heavy
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snowfalls, severe thunder and lightning
storms, and hurricanes. The area
experiences maoderate to high rainfall and
snowfall, averaging & inches of

precipitation annually (data collected for
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701 (USC00276070) with gaps covered by the
SO A i sy Tollowing weather stations: Newburyport,
> ol il X MA US (USC00195285), Portsmouth Pease
2 | DNl re P sl Swid S NN AFB, NH US (USW00004743), Portsmouth,
: NH US (USC00276980), and Concord
23 Municipal Airport, NH USUSWO00014745)
220' :ﬂ:fm (Figure 3). Annual air temperature (from
“0- - Maximum average monthly data) generally ranges

ol from 30 °F to 60 °F with an average of 47 °F
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Figure 3. Total annual precipitation (TOP) and annual max, ~ AS @ result ofanthropogenic climate
average, and min of monthly air temperature (BOTTOM) fror Change over the last century average
1950- 2021 fothe HamptonSeabrook Estuary area. Data annual air temperature in New England
collected from NOAA NCEI. has risen by D-2.3 °C, with even greater
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increases in winter air temperature observétPCC, 2013)Thesewarming air temperatures have
generated a rise in sea level and changes in precipitation patternssuch that flood and drought
periods are becoming more frequent and seve@obal sea level has risen awverage 06.7 inchesn
the last 100 yearsSince 1993, sea level in New Hampshire has risenrateaof 1.3 inches per decade
compared to a rate of 0.7 inches per decade from 1900 to (PREP, 2018rom 1912 to 2018, sea level
has risen 7.8.0 inches based on tide gauge data from Seavey Island and Portldidsnce the
installation of the Seavey Island gauge in 1926, sea level has@i8&ninches/ear (Wake, et al., 2019)
Since the 1950s, the magnitude of daily extreme precipitation events has increased-3804% New
Hampshire coaral watershedqWake, et al., 2019he combination of coastal inundation from sea level
and groundwater rise and storm surges following large precipitation events are puttorgmunities
and infrastructure at great risk due to more frequent, intense, and prolonged flooding.

Tides Streamflow, & Flooding

The HamptonSeabrook Estuary is

tidally influenced systembecause ofits
connectionwith the Atlantic Ocean at the
mouth of the Hampton Rivein Hampton
Harbor, which exchanges 88% of itgmi=
volume during each tide under averag g g a W DN, | R ==
conditions (Nash & Dejadon, 2019)/ater % | iy g
levels within theexpansivesystem of tidal . Eie. — o ‘ -
riversand salt marsh fluctuateaccording
to a semi-diurnal tidal cycle that

experiencesroughly two high tides and
two low tides of differing sizeseachday,
depending o whether the estuary isg
experiencing spring, neap, or perigeal
(King Tides) tidal cyclesData from the
NOAAtide station (ID 8429489) located irg ,
Hampton Harbor indicates a mean tidal "High Tide November 16, 2020 on ifmarsh side of Hampton

height of 8.3 feet, a spring tal heightof ~ 5each” Credit: Marie Sapienza

9.5 feetanda meanhigher high water (MHHWiYlal heightof about 90feet above mean lower low water
(MLLWbYf O feet or sedevel(Nash & Dejadon, 2019; SLR, 20®d)ther tide statiomearbyto the estuary

is Fort Point in New CastJ&NHwhere MHHWs reported to be up to 9.4 feetbove MLLVét sea level

(RPC, 2009)

a

High tides in Hampton Harbor regularly exceeded 10 feet MLLW -d@@0of days each year from 2013
2020, causing road inundation and properfiooding in lowlying areas of Hampton including the
Hampton Beach Village Distri¢€hin & Howard, 202Ihe NHDES Coastal Program found thigh tide
flooding occurred three times more frequently than predicted by NOAA tide charts because of severe
weather and storm surge€Chin & Howard, 2021ln 2018 HamptonHarborexperienced 40 high tides
between 110and 11.9 feet and seven high tides measurin@1&et or highe. Winter Storm Greyson in
January 201&nd Winter Storm Riley in March 2G¥8atedstorm surgedrivenhightides exceeding 13.2
and 12.&eet, respectively(SLR, 2021 Although there are limited recordsrothe number of high tide
flood events in coastal New Hampshire, qualitative records of flooding egisth as througlthe New
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Hampshire, s Kjr@g Tide annual photo &
contest.Decades ofdata from tide gauges
across the U.Show increases in higtide

flooding. Along the northeastern U.S
coast, the frequency dfigh tide flooding

from 2000-2015 increased an average of
75%, from 3.4 to 6.0 days per ye&Wake,
et al., 2019)

Coastal communities are  highl
susceptible to flooding due tdheir low-
lying elevation, flat topography, and
proximity to water resources. Coastal
flooding can be caused by any
combination of high wind and wave
action, storm surges, tidal events
(spring and King tides), and sea level
and groundwater rise associated with
climate change. Other factors that
compound and complicate floodingin
coastalareasincludethe presence offiigh water tables, soils withlow infiltration rates, am/or saturated

soils that inhibit water from infiltrating into subsurface area&EFDesign & Planning, LLC, 201Bhe
presence of dams or undersized culverts along tributaries to the estuestrictsthe free movement of
water in response to these flooding pressures which can further exacerbate the impacts of flooding on
the landsape. Greater volumesf watercoming into the estuary from landscapeerived freshwater
streamflow following large precipitation events conflate flood levels wittarine-derived high tides,
storm surges, and sea level rise. Out of 28 rural streamdtations throughout New England, 25 showed
increased flows over the recordikely due to increases in the frequency of extreme precipitation and
total annual precipitation in the region. In 79 years of recorded flooding in the Oyster River in Durham,
NH, three of the four highest floods occurred in the 10 yepr®r to 2017(Ballestero, Houle, Puls, &
Barbu, 2017)

September 11, 2022Rz ®2 2 22 %0UU® ] J2 é .
Meadow Pond, Gentian Rd area in Hampt@medit: Tom Bassett.

The Federal Emergency Management Agency (FEMA) produces flood hazardanapsnmunities
through the NFIP These maps servas a resource for understanding and insuring against flood risk.
<3Q ¢é %OUU® AUQg?2 gear|flénd frequpney (1 cbia@ce 6f Aging fodgd during any
year) and 50§ear flood frequency (0.2% chance of being flooded during aar)y When mapped, there

is a small difference between the total area inundated with floodwaters under each scenario. Relating
dAEe dU | AUx2 Uu @2 éng-t-four Onarice dver 8 Bdyedr Adrigage thata 100
year storm could occur and potentially cause flooding or damage (Wake, et al., 200EMA reports
that just one inch of floodwater can cause up to $25,000 in damage to a hom@-EMA, n.d.)The
baseline for determining the volume gbrecipitation produced by a 10§ear storm comes from
historical records of precipitation, groundwater and streamflow records, and computer modeling
results. These models do not include projections of climate change impacftooding hazard severity,
most notably future increasesn sea level andgtorm intensity and frequencyCurrently, theNational
Weather Servic€NWSJeportsthat a rainfall event producing between 6.29 and 12.3 inches of rain within

10
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a 24hour periodis classified as 400year storm evenin New HampshiréNational Weather Service,
n.d.).

All three towns surrounding the Hampton-Seabrook

Estuary have large areas of landthat are subject to  Floodplains are areas of low elevation
flooding. In Hampton, approximately 2,968 acres of land a @adjacent to streams, rivers, estuaries,
within the FEMA 10@ear floodplain . Of this approximately =~ €0asts, or other surface waters into
471 acres (16%pre developed including 278 acres of Whichawaterbody overflows during
residential developnent. Approximately 32 acres of lanc high flow events such as heavy rain,

) . storm surges, or snowmelt. Even though
beyond . the 100ye§1r roodealn. are within the 500year floodplain areas are inherently subject
floodplain (EF Design & Plannlrjg, LLE:, 20139)ou'£ 4% of regular and reoccurring flooding, the
structures inHampton| é2 UEBAED ZAE:(A * frequency, impact, and extent of this
AO and VEithbeaches accourihgfor 2% of theTown area = flooding is increasing.

(Town of Hampton, NH, 2021from 2012015, the average

number of floods that occurred in Hampton averaged about three pear(EF Design & Planning, LLC,
2019) Approximately 1,542 acres of land in ffeavn of Hampton Fallarewithin the 108year floodplain

with 46 additional acres within the 50§ear floodplain(Town ofHampton Falls, NH, 2019)he Town of
Seabrookoutlines the numberof acres anticipatedo fall within the 100year and 508/ear floodplains

for various sea level rise scenarios but does not report current areas within the two floodplains in their
mager plan. In a sea level rise scenario of 1.7 feet, Seabrook would have 1,730 acres of land within both
the 100 and 500year floodplaingTown of Seabrook, NH, 2011)

Another metric that serves as proxy for a commund p \Jil@éerability to floodingis the number of

policyholders inthe < 3 Q ¢ & In ReT&wn of Hampton, 1,769 NFIP policies exigh, on average

24claimsand nearly $200,000 paid to property owners each y@amwn of Hampton, NH, 2021; EF Design

& Planning, LLC, 2019)hesedosses in Hampton accountfor 42% of the flood-related losses and

damages in the last 32 years withinRockingham Countyand 20% of the lossestatewide . Hampton

has the greatest numbreof repetitive losses ifNew Hampshireat 124 properties, of which 3dre

residential (EF Design & Planning, LLC, 201®)New Hampshire, flooding accounts f60% ofthe
presidentially declared disasters and emergency declarations and 67% of federal reimbursement
provided by FEMA for those disasters and declaratif&ke, et al., 201950me notable natural

disasters that haveaused flooding irthe Hampton-SeabrookEstuarywatershedE @« 06 ®2 Jd A2 Z 2
coUéxz U% ORRObB d8A2 ZQUOA2ége /| pz eéddexxeU&Ee OUhépd
c| @®p z (Oown af GeAtirook, NH, 201The low-lying areas adjacent to thesalt mash and

beaches in Hampton and Seabro@ke most vulnerable to floodingn the last 15 years, flood damage
hasoccurredat 2 « Ué ®g & _U@®b A2 0eea:?2é €2 |whefezhére WaSbeen| EQe *
sediment deposition, severe erosion, and desttion of beaver damg¢Town of Seabrook, NH, 2011)

Applicable Water Quality Standards & Criteria

New Hampshire is required to follow federal regulations under @lean Water Act (CWA), albaith

some flexibility as to how those regulations are enacted. The main components of water quality
regulations include designated uses, water quality criterdad antidegradation provisions. Along with

the CWA, the NWRSA 48A Water Pollution and Waste Contraid the NH Surface Water Quality
Regulations (EmWq 1700) are the regulatory bases by which water quality in New Hampshire is
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protected (Wood & Edwardson, 2022; NHDES, 2016)h A2 é2 ¢2 ;60| 0 EUQZé ®E«d| ¢
regulatory and permitting programs related to surface waters. All states, including New Hampshire, are
required to submit biennial water quality statuseports to Congress via the U.S. Environmental
Protection Agency. These reports provide an inventory of all waters assessed by each state and indicate

which waterbodiesdo notmeetd A2 e8| 62 gé 0| o02¢ eo| OEdp éo| O®| é®eé
reporte | €2 «UxxUQ@Op é2%2¢éé2® dU | & A2 Zc2«dEUQ 0Onoc
Designated Uses & Water Quality Classification

h Az , S 62¢0Eé2e &8 082é& U ®2082éxEQ@2 ®2 8E, Q]| 82 ®
jurisdiction. Designatd uses are the desirable activities and services that surface waters should be able

to support, including uses for aquatic life, fish consumption, shellfish consumption, drinking water

supply, primary contact recreation (swimming), secondary contact retien (boating and fishing), and

wildlife (Table 1). Surface waters often have multiple designated usedlew Hampshire, all surface

waters are also legislatively classified as Class A or Class B, most of which are VaesdB&

Edwardson, 2022)Brief descriptions of these classes are provided in Table 2. Once this classification is
established, water quality criteria are then developed to protect the designated uses within
waterbodies. These water quality criteria can be moor less restrictive depending on the waterbody
classification (Class A or Class B) and the designated uses present. All waterbodies in the Hampton
Seabrook Estuaryatershedare Class B.

Table 1. Designated uses for New Hampshire surface waféveod & Edwardson, 2022)

Designated Use NH Code of Administrative Rules (EWg 1702.17) Description Applicable Surface Waters
Aquatic Life Integrity The surface water casupport aquatic life, including a balanced, All surface waters
integrated, and adaptive community of organisms having a species
composition, diversity, and functional organization comparable to that
of similar natural habitats of the region.

Fish Consumpgbn The surface water can support a population of fish free from toxicants| All surface waters
and pathogens that could pose a human health risk to consumers.

Shellfish Consumption The tidal surface water can support a population of shellfish free from| All tidal surface waters
toxicants and pathogens that could pose a human health risk to
consumers.

Potential Drinking Water Supply The surface water could be suitable for human intake and meet state | All surface waters
and federal drinking water requirements after adequate tteent.
Primary Contact Recreation Waters suitable for recreational uses that require or are likely to result| All surface waters
full body contact and/or incidental ingestion of water
Secondary Contact Recreation| Waters thatsupport recreational uses that involve minor contact with | All surface waters
the water.
Wildlife The surface water can provide habitat capable of supporting any life | All surface watrs
stage or activity of undomesticated fauna on a regular or periodic basi

Table 2. New Hampshire surface water classificatioféood & Edwardson, 2022)

Classification Description (RSA 48A:8)

Class A These are generally of the highest quality and aoasidered potentially usable for water supply after adequate
treatment. Discharge of sewage or wastes is prohibited to waters of this classification

Class B Of the second highest quality, these waters are considered acceptable for fiswigyming and other recreational
purposes, and, after adequate treatment, for use as water supplies
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Water Quality Criteria

R2 i A| xxzeéAEé2gée | o2¢é eo6| OEdp «éEd2¢éE| ®¢UUE®2 |
must meet to support designad uses. These criteria are a means of identifying water quality problems

and determining the effectiveness of state regulatory pollution control and prevention programs. If the
existing water quality meets or is better than the water quality criteriag tivaterbody supports its
designated use(s). If the waterbody does not meet water quality criteria, then it is considered impaired

for its designated use(s).

Water quality criteria for each classification and designated use in New Hampshire can be foR&#hin

6 el Beb Eq | 9® E@ o8 A2 &8 (WoddREdwardséryd02he didighateé & 6| OF
uses applicable for waterbodies in the Hampt&eabrook Estuarywatershedinclude Aquatic Life

Integrity, Fish Consumion, Shellfish Consumption, Potential Drinking Water Supply, Primary Contact
Recreation, and Secondary Contact Recreation. A list of the primary and secondary numeric/narrative

water quality criteria used to assess each designated use for New Hampshieghedies is shown in

Table3. Refer to Tablé-1 in Appendix for applicable designated usesnd their support or norsupport

status by parameter for eachs8essmentJnit (AU) inthe HamptonSeabrook Estuaryatershed.

Table 3. List of primary and secondary numeric/narrative water quality criteria for each designated use in the
Hampton-Seabrook Estuarwvatershed(Wood & Edwardson, 2023Feo= geometric mean of multiple samples.
Instan = instantaneous, single grab sample. Enterococci (Entero) and E. coli units are in MPN/T@0mtotal
phosphorus.

Designated Use Primary Numeric/Narrative Criteria SecondaryNumeric/Narrative Criteria
Aquatic Life Use Biological assessments (macros & fish) Habitat assessmentchannel stability
DO > 8ng/L & 75% saturation Chronic/acute toxics
6.5<pH<8.0 Invasives, Turbidity, TP, Flow
Potential Drinking WateBupply* Treatment techexists to produce safe drinking wate| Chronic/acute toxics
Primary Contact Recreation Freshwater (beach)E. colk 88 (Instan), 47 (Geo) Freshwater: Chlorophyda < 151g/L

Estuarine (beach): Entero < 104 (Instan), 35 (Geo) | Estuarine: Chlorophyda < 2Qug/L
Freshwater (no beachk. colk 406 (Instan), 126 (Ge( Discharge of untreated sewage
Estuarine (no beach): Entero < 104 (Instan), 35 (Ge| Presence of cyanobacteria or other scum

Secondary ContadRecreation Freshwater:£. colk 765 (Instan), 235 (Geo) Discharge of untreated sewage
Estuarine: Entero < 520 (Instan), 175 (Geo) Obstructions to boating by infill

Fish Consumption Freshwater: Mercury in fish tissue Other toxics in fish tissue
Estuarine: Mercury and PCBs in fish tissue Toxics in water

Shellfish Consumption Fecal coliform < 14 (Geo), 43 (90th percentile)

Mercury and PCBs in fish tissue
*Note that both Class A and B waters shall be considered potentially acceptable for water supply uses after adequate tréavererf not
currently used as such).

Antidegradation Provisions

The Antidegradation Provision (EAWq 1708E @ R2 i A | watar@daliyérégglations serves to
®éUd2«d Ué ExxéUu2 oAz eo| OEop U% o0A2 eos|oz2geée Ul d
future pollutant loading. Certain development projects (e.g., projects that require Alteration of Terrain

Permit or 401 Water Quality Certification) may be subject to an Antidegradation Review to ensure
«Uxx20E| 0«2 UEBA oAz eéeo|od2ge | o2¢ eo| OEap ¢e2:,060]| o
during the permit review process for projects adjacent to watehat are designated impaired, high

quality, or outstanding resource waters. While NHDES has not formally designateejbagty waters,
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unimpaired waters are treated as high quality with respect to issuance of water quality certificates.
Antidegradation requires that a permitted activity cannot use more than 20% of the remaining
assimilative capacity of a highuality water on a parameteby-parameter basis. For impaired waters,
antidegradation requires that permitted activities discharge no additionabdling of the impaired
parameter to the waterbody.

Waterbody Assessments

NHDES haslefined and evaluated the water qualitpf 105surface waterAUswithin the Hampton

Seabrook Estuaryvatershed. For each AU, the corresponding designated wses applicable water
guality criteriaare assessedgainstavailable data Assessment resultfor the 105 AUgre presented in
TableA-1 in Appendix A

Fish Consumption

The designated use of fish consumption was evaluated for 185 AUs in the watershedising
guantitative criteria for mercury and/or polychlorinated biphenyls (PCBs), the latter paraméter
estuarine AUs onlyAs of the 2020/2022 reporting cycle, all 105 AUs imttershed weraletermined to
be marginally impaired for fish consumptionwith all freshwater segments (lakes, rivers, and
impoundments) having & otal Maximum Daily LoadMDL in place (4AM) and all estuarine segments
requiring a TMDL (). One AU Hampton FaB RiverWinkleyBrook NHRIV60003106R8L),was also
assessed for fish consumption usiegteria forcopperand was determined to beotentially attaining
standards (3PAS) however, there were insufficient data to make an official assessmenDverall no
waterbodies in the HamptorSeabrook Estuaryatershal fully support fish consumption. See Tabke

1, Appendix A

Shellfish Consumption

The designated use of shellfish consumption was evaluated for 25 estuarine AUs using quantitative
criteria for four parametersdioxin (including 2,3,7,8CDD), fecal colif;m, mercury, and PCBs. For
dioxin, mercury, and PCBs, AlUsweredetermined to bemarginally impaired for shellfish consumption

and require a TMDL {9). For fecal coliform, 1AUswere determined to beseverely impaired with a
TMDL in place (4R), three were marginally impaired with a TMDL in place -MAand six were
potentially not attaining standards (NS; however, there were insufficient data to make an official
assessment Overall, no estuarine waterbodies in the Hampt8eabrook Estuarywatershed fully
support shellfish consumption though shellfish harvesting is conditionally approved in portions of
Hampton Harbor See Table A, Appendix ASee section on Shellfish & Harvesting for more details.

Potential Drinking Water Supply

Thedesignated use of potential drinking water supply was evaluatedZérAUs in the watershed using
guantitative criteria for three parameterdecal coliform,£E. coljand copperFor £cal coliform 21 of 23
assessed AUs were determined to petentially not attaining standards (NS; the remainingtwo
assessed AUs were determined to betgntially attaining standards (PAS). One AU, Hampton Falls
RiverWinkley Brook NNHRIV6000310€aRBL), was assessefir potential drinking water supplyusing
criteria for £. coland copperand was determinedo be potentially not attaining standards (PNS) for
E. coliand potentially attaining standards (RAS) for copperOverall, waterbodies in the Hampten
Seabrook Estuaryvatershed showsome evidence for not fully supporting potential drinking water
supply, though more data are necessa8ee Table A, Appendix A.
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bUb6¢AOp 603 aguitersiareixEedAUBAg €0 Akjaifer Protéctbf Area, which protects the

highest quality aquifers and includes five active and four inactive public water systems. Aqu&faoer

Companyx | @] ¢2é A| xxedU@gée 0| o02é épedz2xbh xéUUE®REQ, é2¢é
Town.Small aquifer areas also exist in the towns of Seabrook and Hampton Falls.

Aquatic Life Integrity

The designated use ofgaatic life integrity wasvaluated forl3 AUs in the watershed usiggantitative
criteria for the followingparameters: fish bioassessments, various toxins, various metals, turbidity,
chloride, dissolved oxygen, pH, and phosphorigree of 13 assessed\Uswere determined to be
attaining standards (2G and 2M) or potentidly attaining standards (3?AS¥or several parametersThe
Hampton River Boat Club Safety Zone (NHEST600030803vasdetermined to beattaining for
ammonia, dissolved oxygen saturation, and pH; Tide Mill Creek (NHEST600dB208% was
determined to bepotentially attaining for residual chlorine; and Hampton Falls RiVéinkley Brook
(NHRIV6000310a3L) wadletermined to beattaining for fish bioassessments and potentially attaining
for aluminum, chloride, copper, dissolved oxygen saturation, dissoh@ggen, lead, phosphorus,
turbidity, and pH.However,10 of 1AUs were determined to be impaired for aquatic life integrity for one
or more parametersi-our AUs were determined to be severely impaired for dissolved oxygen and in need
of a TMDL ¢P). SiXAUs were determined to be marginally impaired for pH and in need of a TMM). (5
Four AUs were determined to be marginally impaired for one or more metals (aluminum, barium,
copper, iron, lead, mercury, nickel, and zinc) and in need of a TMDI), (withone additional AU severely
impaired for metals Three AUs were determined to be marginally impaired for other toXeg.,
anthracene,arsenic, PAHs) and in need of a TMDMJ5'he majority of and remaining AUs lack sufficient
data for an official assessmen®f those AUsvith official assessmentanost do not fully support the
designated use of aquatic life integrit$ee Table A, Appendix A.

Primary Contact Recreation

The deggnated use of primary contact recreation was evaluated for 13 AUs in the watershed using
guantitative criteria for three parameter<. coljenterococcus, and chlorophyl. Three of five assessed
freshwater AUs were determined to be severely impaired &0 co/ivith a TMDL in place (4R); one
marginally impaired with a TMDL in place (48; and one potentially not attaining standards-E3\S).
Oneof sevenassessedstuarineAUswasdetermined to be severely impaired for enterococcwith a

TMDL in place (4R),two marginally impaired with a TMDL in place {¥; two potentially not attaining
standards (8PNS) and two marginally attaining standards (®1). One assessed estuarine AU was
determined to be potentially attaining standard¢3-PAS) forchlorophyll-a. The majority of and
remaining AUs lack sufficient data for an official assessment. Of those AUs with official assessments,
mostdo not fully support the designated use of primary contact recreati@ee Table A, Appendix A.

Secondary Contact Recreation

The designated use of secondary contact recreation was evaluated for 10 AUs in the watershed using
guantitative criteria for three parametersE. colj enterococcus, and sedimentation/siltatiof.wo of five
assessed estuarinels were determined to be attaining standar@@&G and 2M)for enterococcusone
potentially attaining standards (PPAS)one marginally impaired with a TMDL in place {4Aand one
severely impaired and in need of a TMDIP}S0Oneof four assessedreshwaterAUsweredetermined to
beseverely impairedor £. cofvith a TMDL in place (4R), two marginally impaired with a TMDL in place
(4AM), and one potentially not attaining standards {8NS) OnefreshwaterAUwasdetermined to be
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potentially attaining standards (PAS) fosedimentation/siltation. The majority of and remaining AUs
lack sufficient data for an official assessment. Of those AUs with official assessments, more thém half
not fully support the designated use of secondaryntact recreation.See Table A, Appendix A.

Water Quality Summary

Within the NHDES Environmental Monitoring Database (EMD), data for key water quality parameters
exist for 50 of thel05AUswithin the HamptonSeabrook Estuaryvatershed. These data haveebn
sampled as a part of multiple programs dating back to 1986 and cover the complete spectrum of
taxonomic, chemical, physical, biological, armbntinuouswater quality parameters. These dataere
averaged by site and parameter in supplementary tables amd summarized for major parameters
below. Refer to Figurd for primary water quality station locations.

Nitrogen

In marine waters, nitrogen isypically the limiting nutrient for growth.Excess nutrients, including
nitrogen, from anthropogenic sourcesuch asfertilizers, livestock waste, pet wastand atmospheric
deposition (vehicle or industrial emissions) stormwater runoff as well as humawastewater effluent
from treatment plants malfunctioning septic systems or leaky sewer lines, can lead to cultural
eutrophication of surface watersEutrophic surface waters with highitrogen concentrations
experience nuisance plant and algae growth that can deplete dissolved oxygen concemsatind
depress native species populations suchessgrass.

In the HamptonrSeabrook Estuaryvatershed, theras minimal historic nitrogendata for surface waters

Of the data available, modtations are confined to estuarine waters and major freshwatevers and
lakes. In the NHDES EMD, across 46 staiioh8 AUsvithin the watershed thereare 1,026 observations

of eight nitrogenspecies(lammonia, dissolved nitrogen, total Kjeldahl nitrogen, nitrate + nitrite, nitrate,
nitrite, organic nitrogen, and wsspended nitrogen). For ammonia, nitrate, and nitrite, average
concentrations by station are generally low (<0.1 mg/L) with only a few stations showing higher
concentrations. For dissolved and total Kjeldahl nitrogen, average concentratlpnstationtypically
rangefrom 0.1to 0.5 mg/L, with stations in freshwater lakes and rivers having higher values. The most
sampledstations are HHHR in the Hampton River Boat Club Safety Zon€)QQ#A and NHOO7A in
Hampton Harbor, and NHO09A in the Hampton Falls River ( WWTF Safety Zone), all of which show low
averagenitrogen concentrations. See Table 82the HSE EMBupplemenrary Document

The main sources of nitrogen loading to the Hampt8eabrook Estuary comes from atmospheric
deposition (38,362 Ibs./yr43.2%, chemical fertilizer (22,885 Ibs./y25.8% largely from residential
lawns, human waste (15.7%), and animal wat&.3%)PREP, 2015)

Phosphorus

In freshwater, phosphorus typically the limiting nutrient for growth Dissolved posphorus iggenerally
found in much lower concentrations than nitrogen because it is often bound in pardiuiform. Low
oxygen concentrations can promote the release of particulate phosphorus into dissolved {ohexeby
elevatingphosphorus concentrationsn surface watersAnthropogenic sourcesf phosphorus include
human, pet, and livestoclwaste sediment erosionand fertilizer.

In the HamptonrSeabrook Estuary watershedhere is minimal historic phosphorus data for surface
waters. In the NHDES EMD, across 43 statiohg AUsvithin the watershed thereare448 observations
of two phosphorusspecies (total phosphorus and orthephosphate). For total phosphorus, average
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concentrationsby stationare generallylow, ranging from 0.020 0.04 mg/L.Seven stationshavetotal
phosphorusconcentrationsgreaterthan 0.04 mg/L, two of which exceed 0.20/mgnd are in Hampton
Harbor. For orthgphosphate, average concentrationisy stationare also generally low, ranging from
0.01to 0.03 mg/L except for twetations which were marginallizigherat 0.04 and 0.06 mg/L. The most
sampledstations are HHHR in éhHampton River Boat Club Safety Zone,-0lM)4A and N#007A in
Hampton Harbor, and NMWOO9A in the Hampton Falls River (WWTF Safety Zone). See Tabthe32SE
EMPSupplementary Document

Organic Carbon

Elevatedconcentrations of organic carbon, boti iparticulate and dissolved forms, can degrade water
quality by 1) reducing the amount of light available for submerged aquatic vegetation to undergo
photosynthesis and2) providing microorganisms with organic substrate to decompose and thereby
consumeand lower oxygenconcentrations In the NHDES EMD, across 25 statinrid AUsvithin the
watershed thereare 196 observations of two organic carb@pecies(organic carbon and suspended
carbon).Allthese stations only have one or two observations of each of thegametersexcept for four
stations: HHHR in the Hampton River Boat Club Safety ZoneQ0U4A and NHOO7A in Hampton
Harbor, and NFDOO9A in the Hampton Falls River (WWTF Safety Zonenrgamic carbon, average
concentrations atthesestations are above the recommended criteri of 2.0 mg/L, ranging from 23
13.6 mg/L. For suspended carbon, average concentrations are lower, ranging frein30rB8g/L.See
Table S2 in the HSE EMP Supplemagy Document.

Dissolved Oxygen

Virtually all aquatic organisms require dissolved oxygen to survive, and as a Jgssilone of the most
important water quality parametergo monitor. Low dissolved oxygen (concentrations below 5 mg/L
and 75% saturatiohpose a risk to ecosystem health by restricting the habitat range of organisms that
require more oxygen. Unlike nutrienteowever, dissolved oxygen measurements can be maudsitv
using field meters and data loggers, allowing ftentially more obsenations at a lower cost.

Like nitrogen and phosphorus, there is relatively little historical data coverage of dissolved oxygen
concentrations in the HamptofSeabrook Estuarwatershed compared to other areas (Jones, 2000). In
the NHDES EMD, across 59 staticn 24 AUswithin the watershed there are 1,609 observations of
dissolved oxygen and dissolved oxygen saturatidhree stations, TRA-01 and TRA-03 in Taylor River
Refuge Pond and NHBJ016A in Mill Creek, had average dissolved oxygen concentratigos/tb mg/L.

For dissolved oxygen saturation, 18 statidn® AUs had average values below 73#e Table S3 in the
HSE EMP Supplementary Document.

High temporal resolutiorof dissolved oxygen data from data loggexsealso available for the Hampton
Seabrook Estuaryvatershed at five stationg three AUs (Hampton River Boat Club Safety Zone, Taylor
River Refuge Pond, and Mead®and). In the Hampton River Boat Club Safety Zone, trene=67,869
observations of dissolve& oxygen at one station (HHHR) ranging from-029 mg/L, of which 5% fall
below 5 mg/L. At the same station, themee 70,066 observations of dissolved oxygen saturation ranging
from 1-:154% of which13%fall below 75%. Three stations in the Taylor RiR&fuge Pond have dissolved
oxygen data: OFLR, TRA-06, and TRM01. These stations have 950, 2,187, and 2,186 observations
which fall below 5 mg/L 0%, 40%, and 55% of the time, respectively. Dissolved oxygen satwasion
measuredonly at 03TLR, withB50 values ranging from &1103% of which 5% fall below 75%n Meadow
Pond, thereare 378 observations of dissolved oxygen ranging from&® mg/L at one station (NC20)
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and 378 observations of dissolved oxygen saturation ranging fror®8&with 16%falling below 75%.
See Table S5 in the HSE EMP Supplementary Document.

Total Suspended Solids (TSS)

Like organic carbon, too much suspended material in the water column can degrade water quality by
limiting the amount of light available for submerged aquatregetation. In the NHDES EMD, across 30
stationsin 11 AUwithin the watershed thereare 201 observations of Total Suspended Solids (TSS).
Twentythree @3) stations have only three observations or less, with valueshase stationsranging

from 3-38mg/L. Four stationsn three AUgHampton River Boat Club Safety Zone, Hampton Falls River
(WWTF Safety Zone), and Hampton Hajtbrve more than 25 observations of TSS ranging fror212
mg/L. See Table S3 in the HSE EMP Supplementary Document.

Specific Conductance

Specific conductance is an indirect measure of the dissolved iongater and is widely used as a basic
water quality indicator in freshwater systentecausepollutants (such as ionized nutrients) cancrease

the number of ions in the water. Marine waters naturally have high conductivity due to the large number
of dissolved sdk present. As a result, specific conductivity is not an effective water quality indicator in
estuaries and instead serves as a proxy for saljnihich is driven largely by tidal stage and
precipitation.

Similar to dissolved oxygen, there msinimal historical datafor specific conductance in the Hampten
Seabrook Estuarwatershed. In the NHDES EMD, across 28 staiiohs AUsvithin the watershed there

are 637 observations of specific conductivitPne stationis located inthe estuary with only one
observation while theremaining stationsare located in lakes, rivers, and impoundmenisvo of the 27
freshwater stations have average specific conductivities exceetliegguidance threshold d35n5/cm:
TRW-12 in the Taylor River from Rice DanTaybr River Refuge Pond and MEAHAMD in Meadow Pond.
The other stations heeaverage specific conductivities ranging from 18@2nt/cm. See Table 38 the

HSE EMP Supplementary Document

High temporal resolutionof specific conductivity data from data loggerare also available for the
Hampton-Seabrook Estuarwatershed at six stations four AUs (Hampton River Boat Club Safety Zone,
Taylor River Refuge Pond, Cains Brédbyes Pond, and MeadoRond). Inthe Hampton River Boat Club
Safety Zone, therare 69,697 observations of specific conductivity at one station (HHHR) ranging from
20-503nB/cm. Three stations in the Taylor River Refuge ROBdrLR, TRA-06, and TRA-01) have 1,898,
2,187, and 2,186 obsvations respectively, none of which exceed 88%/cm. In Cains Brookoyes
Pond, thereare 46,450 observations of specific conductivity at one station-@®S) ranging from 221
2,253, with 17% exceeding 886/cm. In Meadowond, thereare 378 observatinsof around1ntS/cm.

See Table St the HSE EMP Supplementary Document.

pH

Waters that are either too acidic (pH<6.5) or too basic (pH>8.0) can have a negative impact on aquatic
organisms that are sensitive to pH. This parameter is particularly impdrtancalcifying organisms like
clams, oysters, and mussels whose ability to build their shell is influenced by the chemistry of the water.
In addition to external influences such as gas exchange with the atmosphere and the chemistry of the
underlying soi, pH in coastal waterbodies is also influenced by the relative rates of photosynthesis and
respiration since these factonrgegulatethe concentration of dissolved carbon dioxide in water.
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In the NHDES EMD, across 118 statiordd AUswithin the watershel, thereare 3,186 observations of
pH.Fifty 60) stations haveonly three observations or less, with average values ranging fronr86l0The
remaining 68 stations have betweera#d 147 observationgach with averagesaluesranging from 6.2
8.2. Overall, there are six statiomsfour AUs with average pH values less than 6.5 and eight staiions
six AUs with average pH values greater than 8.0. See Tabdl8@8HSE EMP Supplementary Document.

High temporal resolutionof pH data from datadggersare also available for the Hamptoseabrook
Estuarywatershed at six stations three AUs (Hampton River Boat Club Safety Zone, Taylor River Refuge
Pond, and Meadowond). In the Hampton River Boat Club Safety Zone, ttegeer 2,130 observations of

pH at one station (HHHR) ranging from 8.9, of which 24% exceed the 8.0 criterion. Three stations in
the Taylor River Refuge Polf@3-TLR, TRA-06, and TRA-01) have 1,898, 2,187, and 2,186 observations
respectively, none of which are outside the ®%® range. In MeadoRond, thereare 378 observations

of pH at one station (NC20) ranging from-8.8. See Table $the HSE EMP Supplementary Document.

Phytoplankton/Chlorophylta

Chlorophylta is a photosynthetic pigment found in most phytoplankt@amd is often used as a proxy for
phytoplankton abundance. Although phytoplankton are vital to marine food webs due to their roles as
primary producers, too much phytoplankton can lead to poor water quality conditions such as reduced
water clarity and decreasd oxygen in bottom waters. As such, both direct counts of phytoplankton
abundance and measurements of chlorophylare important water quality parameters.

In the NHDES EMD, across 45 station$9 AUswithin the watershed thereare 242 observations of
chlorophyll-a (both corrected and uncorrected for pheophytifjwenty-six @6) stations haveonly one

observationeach, with values ranging from <0:22ng/L. Four stations have 3@r more observations
each HHHR in the Hampton River Boat CluBafety Zone, NHO04A and NHOO7A in
Hampton/Seabrook Harbor, and NBOO9A in the Hampton Falls River (WWTF Safety Yongh

average values ranging from 1441 ng/L. No stations had an average chlorophgllconcentration

exceedngthe state freshwatecriterion of 15ng/L (or the state estuarine criterion of 2@y/L). See Table
S4in the HSE EMP Supplementary Document.

High temporal resolutionof chlorophyll-a data from data loggersre also available at one station
(HHHR) within the Hampton River Boalub Safety Zone. At this station, thesiee 15,072 observations
of chlorophylta ranging from 0.8866.0ng/L. These observations were generally low, averagingrg/g,
but with 6% of values exceeding0ng/L. See Table S5 the HSE EMP Supplementaryddment.

Fecal Indicator BacteriaX, coljenterococcus, fecal streptococcus)

High counts of fecal indicator bacteria such &s co/j enterococcus, and fecal streptococcus in surface
waters pose a risk to human health due to the numerous pathogens associated with fecal bacteria. High
fecal indicatorbacteria levels are often associated with illicit dischargeshaman wastewater from
sewers and malfunctioning septic systemapng withother potentialfecalsourcesfrom pet, livestock,

and wildlife waste irstormwater runoffor direct deposition Fecal waste sources are difficult to track via
fecal indicator bacteridor determiningpublic health risk due to the inherent variabilityf fecal indicator
bacteriagrowth, both insitu and in the laboratory.

Although thereare fecal indicatorbacteria datafor many stations in the Hamptoiseabrook Estuary
watershed, most stations lack the amiot of data required to properly assess the risk to public health.
In the NHDES EMD, across 141 statior3s AUswithin the watershed thereare 1,318 observations of
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enterococcus, £. colf and fecal streptococcus. For enterococcus, 46 statiare in eguarine
waterbodies with 13 stationsshowingaverage concentrations that exceed the 35 MPN/100mL criterion;
however, most stations havenly one or twoobservations ForE. colj 126 stationsrein both estuarine
and fresh waterbodies with 45 stations showing averageconcentrations that exceed the 126
MPN/100mL criterion; however, most stations hardy one observation For fecal streptococcus, there
are 22 stationsvith one observatioreachand valuesange from 20390 MPN/100mL with an average of
125MPN/100mL. See Table B4he HSE EMP Supplementary Document.

Based on fecal indicator bacteria data collected at beaches along the New Hampshire seacoast, beach
conditions are generally good, with less than one percent of beach days experiencing amdvis

Recommendations Based on Data Gaps

Within the HamptonrSeabrook Estuarwatershed, there is a sufficient level of baseline monitoring
across the watershed for parameters directly related to public health risks (e.g., mercury, fecal coliform,
and PCBs sampled to evaluate fish/shellfish consumption and potential drinking water supply)
however, there are only a few waterbodies that also haséfficient baseline water quality monitoring

for other parameters. The Hampton River Boat Club Safety Z&aBOIFNHEST6000310d8BY, station
ID=HHHIRR Hampton/Seabrook Harbor AUIDMNHEST6000310@B-09, station ID=NFO004A, NH
0007A, the Hampton Falls River WWTF Safety ZaxigdIDNHEST60003108%-01, station ID=NH
0009A, and Taylor River Refuge PordJIDMNHLAKO00031008€2, station IDO3-TLR, TRAL01, TRA-06)
consistently have more data for almost all water quality parameters compared to other waterbodies in
the watershed(Figure 4) This targeted sampling effort maximizes available resources by focusing on
areas with critical habitat or known pollutant concerns, but it fails to provide a complete picture of water
quality in the watershed. It is important that water quality sampling in these priority areas be continued
to allow for continuous time series to beseblished however, if additional resources become availahle
these efforts should be expanded to other high priorfteshwater and estuarine segments in the
watershed More detailed review of available data and monitoring objectives is required to ifietitose

high priority areas in the watershed.

In terms of specific parameters, om@arameterthat requires additional monitoring effosto properly
assess botlprimary andsecondarycontact recreationis fecal indicator bacteriaCurrently 13 AUs have
been assessed f@rimary contact recreation and 10 AUs feecondarycontactrecreation, with all other
waterbodies left unassessed due to insufficient data. Although dfatafecal indicator bacteria ar
available at 141 stationtn 35 AUs, most of these stations hawaly one or two observations. To
determine the scope of public health risks from recreation in the watershed, more bacteria atata
neededfor NHDESo properly assesprimary andsecondaly contact uses.

Other parameters that have limited data within the watershed that would benefit from additional
monitoring include dissolved oxygen, temperature, specific conductance, pH, chloride, chlorephyll
TSS and nutrients. If resources are lireil, parameters that can be measured using field instruments
such as dissolved oxygen, temperature, specific conductance, andgshélild be prioritized since they
can be collected by volunteers trained through the NHDES Volunteer Lake Assessment Progkdi (V
or Volunteer River Assessment Program (VR#Rjle-to-no cost provided the appropriate instruments
are available. This is especially relevant for dissolved oxygen andgudduse both parametersire
unassessed for aquatic life integrity use for megterbodies in thewatershed. Due to the high costs
associated with laboratory analysis, the remaining parameters (chloride, chlorophyllSS and

20



Hampton Seabrook Estuary Management Plan

nutrients) should be analyzed at waterbodies on a cdsecase basis depending on known stressors
and higorical water quality data. For example, a freshwater lake with low dissolved oxygen would be a
good candidate for chlorophyda and phosphorus sampling to help determine if algae blooms are a
potential cause and to see if internal phosphorus loading isurting due tothe low oxygen conditions.

As another example a waterbody adjacent to developed areas would be a good candidatd §8and
chloride (if freshwater)sampling to determine if erosion or road salt application during winter is
impacting waterquality. With this approach, available resources can be maximiwedain a greater
understanding of water quality throughout the HampteBeabrook Estuaryatershed.

The Hampton-Seabrook Estuary contains some of the last remaining sand dunes in New Hampshire
(Jones, 2000)The dunesare located along the coast and near the mouth of Hampton Harbor adjacent
to the U.S.Route Abridge connecting Seabrook and Hamptofhhe largest area of intdasand dunecan
befound in the Seabrook Dunes, west of U.S. RoudtéEberhardt & Burdick, 2008)his unique and rare
ecological systensupports habitat and foraging for many threatened, endangered, and rare plant

and animal species Dune community types include beach grass grasslahididsonia maritime
shrubland, bayberrybeach plum maritime shrubland, and maritime wooded durfeidure5) (Eberhardt

& Burdick, 2008)Sand dunes are classified inthree zones: foredune, interdune, and backdune
Foredunes face the ocean and thus are highly exposed to the erosive forces of waves and wind.
Foredunes are largely colonized by American beachgrass, which have dense roahsyststabilize the
dune system. American beachgrass is a common and hardy plant found within dune systems and covers
71% of the current extent of sand dune habitat in the Hamp®#abrook Estuary watershg@berhardt

& Burdick, 208); however, loss of beachgrass is a major concern for dune protection and restoration
efforts. Interdunes are afforded some protectiorby the foredunes, allowing for a higher diversity of
species colonizationBackdunesare the most stable of the tiee zones and are typically coropedof
shrubs and treesThelastremaining backdune in the state can be found in the Seabrook Dunexking

its maritime shrubland community type rare in New Hampshire (FiguréEBerhardt & Burdick2008)
Remnant foredunes and interdundn the stateare largely located in front of beachside homes along
the coast.

Seabrook Estuary watershed has declined by nearly 84%
from 724 acres in 1776 to 119 acres in 2(BBerhardt &
Burdick, 2008)The majority of sand dune losdong the New
Hampshire coatline has been due to fill and development
however, disturbance from deegetating the dune,
constructing walkways, and recreatig have also played a role
in decreasing sand dune habitatFigure 6) (Eberhardt &
Burdick, 2008) Development along the coast restricts the
natural movement of sand into and out of the dune syster
preventing the natural shifting of the shoreline in response 1
erosive forces such as wind, waves, and storms.

In addition to sand dunes, otheroastal natural features such
as beaches and rocky shorelipealso serve as natural
defensive barriers to help protect against storm surges al

Underwood Memorial Bridge (referred
to as theHampton Harbor Bridge
Project) is necessary for public safety
and transportation connectiity along
the seacoastThe2022 Environmental
Assessmentonsidered the potential
impact of the project on the Hampton
Seabrook Dunes Wildlife Magement
Area (Dunes WMA) to the southwest of
the existing bridge and found no
significant impact and thus no
mitigation necessary. However,
appropriate BMPs should be put in
place during construction to ensure no
adverse impact to the dunes.
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erosion.Hampton Beach, Seabrook Beach, and North Beachlaeanajorsandy beaches located along

Al x@d U@ | D@ coastinpc® éRPUID A | x aé A EnéladpgHamptdr Habd iagieen

hardened by tidal shoreline structures such as stone and concrete walls, jetties and groins, and rip rap
revetments. For example, therds a large jetty/groin that extends into theéAtlantic Ocean from the
PGUEBA2¢é0 2®¢2 U¥% A|l xeedUQ A| éoUégeée xU08Ac Al xaedUD
of unarmored shorelineHampton Falls has 0.01 miles (1%) of armored and 1.88 miles of unarmored
shoreline and Seabrook has 2.38 milé3%) of armored and 24.01 miles of unarmored shore{MEDES

Coastal Program, 2016)hese shoreline structures were built to stabilize and protect the tidal coastline;
however, they alsalegrade shoreline habitat and the natural ability of coastal features pootect

againststorm surges and erosian

Sand dune overlooking mudfla© Matt Parker
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Figure 8. Historic and Current Sand Dune Extent Fi
Historic dunes are based on the USDA 1954 soil survey
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Figure 6. Historic and current sand dune extent along Hampton and Seabrook(Bb¢rhardt & Burdick, 2008)
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One of the largesand most prominentnatural features of the HamptoibeabrookEstuary is the salt
marsh, which is also théargest continuous salt marsh in New Hampshire(PREP, 2015%alt marshes
are intertidalareascomposedof open grass meadows and narrowrfgie systems. They are among the
most productive ecosystems due to their high rate of plant growlberhardt & Burdick, 2008palt
marsh grasses form the vegetative structure of salt marsh ecosystems. In the northeasterrsdlkS.,
marshes are primarily composed of perennial grasses sucSgatina alterniflorgdsmooth cordgrass),
Spartina patengsalt meadow cordgrass), an@istichlis spicatdspike grass). Where tidal flow becomes
restricted and salinity decreases, these grasses are replaceddrg freshwatertolerant plants such as
Typha angustifolignarrowleaf cattail) and7ypha /atifoligbroadleaf cattailSmith &Warren, 2012%alt
marshes contain manyub-habitat units, including high marsh, low marsh, brackish marsh, mudflat,
pannes and pools, and open wateHgh resolution tidal wetland dateon salt marsh habitatsare
available through the\NH Coastal Vieweaand are made possiblethrough the work ofvariouspartners,
includingthe Great BaNERRNHFGand TNC

Thesalt marshand freshwater wetlands withinthe¢ 8 6 | é p & & 1| & 2 &itdlAipcBonsdor € ( 2
surrounding communities- chief among them idlood storage capacity during storm eventswvhich
reducesthe risk of flood damage Other vital ecological servicgsrovided by salt marshes include
shoreline stabilization, nutrient cycling, pollutant removal, and breeding refuge and forage
habitat for crustaceansinvertebrates fish, and birds Becauseof these servicessalt marshesupport a
broad and diverse food wethat contributes to the overalbiodiverdty and ecosystem health ofhe
estuary(Eberhardt & Burdick, 2008)

Threatsto the Hampton-Seabrook Estuargalt marsh include high marsh subsidemcpool expansion,
habitat transition, prolonged floodingand losgMoore, n.d.)An estimated614 acres of salt marsh in
the Hampton-Seabrook Estuary watershed have already been losbetween the early 1900s and 2010,
primarily due to tidal restrictions, invasive specie®lonization, fill, and ditch excavatior{(Figure7)
(PREP, 2018; Eberhardt & Burdick, 20W8ye specifically

(1) Tidal restrictions from infrastructure such asndersized bridges and culverts have reduced
natural tidal flow exchange from Hampton Harbor to the upper marsh frinigesome areaswhich
alters habitat structure

(2)Two invasive plant species targeted by NHDES for invasive species management andleane
Lepidium spp.(pepperweed)and Phragmites australifcommon reed) Beginning in 2008, the
NHDES Coastal Program monitors and implements control strategies for pepperweed at four sites
within the HamptonSeabrook Estuary watershed: one in Hamptomo in Seabrook, and one along

I-95 in Hampton Falls. Through a USFWS grant from 2022, NDHESn partnership with a
volunteer organizationNature Groupie, completed intensive invasive species mapping of the New
Hampshire coast and identified four newepperweed sites in the HampteS8eabrook Estuary
watershed: one in Seabrook, two on residential properties in back barrier neighborhoods of
Hampton, and one on Landing Rd in Hampton. NHDES counted over 11,000 pepperweed stems,
UAE«A «A| @¢2 ® BrAstr@en\Efor pepp@rivgeé from containment to eradication.

(3)Historically, some salt marsh areas were filled in to make way for development.
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(4)In the 17" and 18 centuries, alt marsh ditching and hayingpy early European settlers itihe
Hampton-Seabrook Estuaryatershedpromoted a shiftin dominant vegetationfrom S al/fernifiora
to historically more economically valuablegrasses likeS patens (salt marsh hay) and/uncus
gerardii(black grassjEberhardt & Burdick, 2008arly Eiropean settlers ditched the salt marsh to
drain and dry the land for use as pastureland. In thé' 2@ntury, ditching of the salt marsh was
continued for mosquitocontrol. Today, restoration effort are underway to fill in historic ditches to
promote sedimentation and vegetation restablishment.

It is expected that more salt marsh will be lost in the future from sea level Aisesea level risesalt
marshes typicallyadapt by migrating landward For the HamptorSeabrook Estuary and other salt
marshessurrounded bydevelopment there is limited natural, lowelevationupland areafor migration
of salt marshes, which will otherwise be drowned and converted to open watethe future. The
continued loss in salt marsh will increase local flood risk and reduce critical habitatfor a variety of
wildlife. For this reason, it is essential that any open space upland ofeftaary be protected from
developmentand any unusedievelopeal areasbe convertedbackto open spacdo allow forcurrent and
future saltmarsh migration Refer to the Future Threats section.

Salt marsh in the HamptoiSeabrook Estuary watershed. © Rayann Dionne.
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1Figure 5. Historic and Current Salt Marsh Extent
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Figure 7. Historic andcurrent salt marshextent in the HamptorSeabrook Estuarwatershed(Eberhardt &
Burdick, 2008)
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Characterizing watershed land use is essential for water resource protection as it can help to
identify potential sources of pollution. For instance, a watershed with large areas of developed land and
minimal forest will likely be more at risk fevater quality and habitat degradatiothan a watershed with
well-managed development and large tracts of undisturbed forest. A large amaf impervious
surfaces within a watershed can cause high nutrient loading as afrhesic deposition on these
surfaces allowsutrientsto accumulate and evetually be transported to surface waters via stormwater
runoff. Agricultural fields and residential neighborhoods can also be sources of nutrients to waterbodies
through the application of fertilizers rich inutrientsto crop fields and lawns. The risk ather potential
pollutant sources including industrial discharges, septic tanks, leaking sewer lines, pet waste, and
wildlife waste can also be investigated using land cover. Additionally, analyzing trends in land cover
over time and predicting future kad cover scenarios from these trends and ¢ixig ordinances and
regulations can help inform management efforts aimed at protecting water resources.

Historic & Current Development

Historically, humansveredrawn to the HamptorSeabrook Estuarto benefit from itsabundant natural
resources andcritical ecological services. Dating back,@00 yearsNative Americansrelied on the
estuary for its rich shellfish and finfishopulations, as well asits fertile land for farming.By the 17"
century, European settlers utilized the estuary for food, both for farming and fish/shellfish harvesting.
Infrastructure such asawmills, windmills, grists, fulling mills, and damagerebuilt along the rivers and
creeks withintheee d 6 | é pgé | 02 éé A2 ® 08U walereAdmé&epedpl@selegp 3¢ U x
the area over the centuriesheNew Hampshiresacoast became a hub for traveleas taverns and meat
shops were erected and roads and bridges were expandeith the milelong bridge spanning over
Hampton Harbor and connecting the towns of Hampton and Seabrook builtd@1(Town of Hampton,

NH, 2021)In the 20" century, the area was rapidly developed, including the Hampton Beach area b
the 1930s, which resulted in the destruction of salt marsh and dune habitats and sedimentation of
Hampton Harbor, the dredging of which continues to present d@berhardt & Burdick, 2008)
Commercial and residential development alorige U.S. Route torridor brought to the area antique
stores, restaurants, automobile dealers, and retail stores.

In this century based on an assessment performed in 2G60 the New Hampshire portion of the
watershed roughly a quarter of the watershedasdeveloped, with 5,800 acres of urban area (23%), 400
acres of cleared land (2%), and 380 acres of disturbed land (&8s, 2000)Therewasalso a moderate
amount of agriculture in the watershed, coveririj039 acres (8%¢Jones, 2000)The remaining twe
thirds of the watershed area consesd of forested and natural lands, with 10,094 acres of forest (40%),
5,392 acres of wetland (21%), and 1,030 acres of open wate(Jdf&s, 2000Updated land cover dta

for the entire watershed(both New Hampshire and Massachusetigs generated in 2015/2016 (Figure
8) and showgleveloped land at 9,157acres 81%), agricultural land at 1,294 acres4fo), andnatural

land such as forest, meadow, wetlands, and open weaae 18,676 acre$4%). Because of technological
improvements in aerial image capture and analysis between the 2000 and 2015/2016 assessments, it is
difficult to directly compare changes in major land use types.

The landimmediately surrounding the estuary and salharsh is highly developedvith residences,
commercial businessesroads, and other impervious surfacesnd cevelopment in the watershed and
around the estuary continueszrom 2000 to 2015, 847 new housing units were addeth Hampton
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and 183 were added in Hampton Fallsin the region at large, the number of new building permits
issued each year decreased from 260010 but has remained stable from 202015 at roughly 400 new
permits per year for singléamily units and 30@ew permits per year for muliamily units(PREP, 2018)

The towns of Hampton and Seabrook are densely populatecat 1,089 and 929 persons per square
mile, respectively(Town of Hampton, NH, 202Town of Seabrook, NH, 201The Town of Hampton
contains 122 miles of roadvith 37 milesof road within the Urban Compact Area and 25 bridges
monitored by the NHDQTof whichtwo are red-listed by the statg(Town of Hampton, NH, 202The

area of impervious surfaces (buildings and roads) in the Town of Seabrook nearly doubled from

1990 to 2005 growing from 802 acres (14%) to 1,539 acres (27%); these impervious surfaces replaced
woodlands, agricultural fields, wetlands, and wildlife habita@town of Seabrook, NH, 2011)

Significantindustries in the watershed include energy generation, metal fabrication, entertainment, and

the manufacturingof textiles,plastics shoes, and furnitur¢Jones, 2000)Two of the largestmployers

in the region ard-oss Performance Materialqtextile manufacturing) and thélampton Beach Casino
(entertainment) (Town of Hampton, NH, 2021)he NextEra Energy Seabrook Stationis a 1,220

megawatt nuclear reactor located 2 miles inland from the coastline along the western side of the estuary
between Browns River and Hunts Island Créblash & Dejadon, 2019; Jones, 2000j)s the largest

source of energy in New Englayahd in 2019itzeé U®6 «2 ® | e@eeé Uy Ex| 82 Op 603 U
electrical generation(Town of Hampton, NH, 2021} originally had its ownwastewater treatment

facility WWTRbutby 19949 A2 &6 | 0 EU@ge 2 %%0062 @0 U] é ®EG2éd82® ol

Pollutant Sources

Nonpoint Source Pollution

Diffuse sources dNPSpollution to surface watergan come from contaminants transported in overland
flow, groundwater flow, or direct depositianExamples of NPS pollution includgormwater runoff,
erosion, malfunctioning septic systems, leaky sewer lines, excessive fertilizer application, unmitigated
agricultural activities, pet waste, and nuisance wildlife waste, each of which are addressed below.

Stormwater Runoff

The dense residential and commercial development in the Hamp8#abrook Estuary watershed has
generated a multitude of potential pollutahsources impacting the physical, chemical, and biological
integrity of the estuary and its supporting landscap@e 2018State of Our Estuaries Repddentified
increasing impervious cover as a significant pressure indicatorfor the HamptonrSeabrook Estuary
watershed(PREP, 2018)hetowns ofHampton and Seabrookachhave greater than 15% impervious
cover, whileHampton Falls has between-B0%.In particular, the Town of Seabrook has one of the
highest percenages ofimpervious cover (at 20%) in the seacoast region and has experienced one of the
largest increases in impervious cover between 2010 and 2015 (atréd) &ecause of this, th&own of
Seabrook has made great progress in reducing impervious covefrefer tothe Management Strategies
section) PREP (2018) also identified TSS and nutrient loading as two other cautionary pressure
indicators for the HamptorSeabrook Estuary watershed. Increases in TSS and nutrient loading are
linked to land use change as forested land is converted to developed land, particularly impervious cover.

Impervious cover includes areaswith asphalt, concrete, compacted gravel, andaftops that force

rain and snow that would otherwise soak into the grountb run off as stormwater. High volumes of
stormwater runoff can generate erosion in areas with exposed soil, particularly construction sites or high
traffic areas. As a resutormwater runoff carries pollutants to waterbodies that may be harmful to
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aquatic life, including sednents, nutrients, pathogens, pesticides, hydrocarbons, metd®CBs, and
DDT These contaminants from historic tanneries, landfills, and petroleum processing facilities, as well
as current residential, commercial, and industrial activities, in the watexkater the estuary and settle
into bottom sediments. Samples from tidal creeks, rivers, and intermittent streams have shown
detectable levels of contamination and high levels of fecal indicator bacteria co(Nesh & Dejadon,
2019)

Erosion

Erosion can occur wherthe ground is disturbed by digging, construction, plowing, foot or vehicle
traffic, or wildlife. Rain and associated runoff are the primary pathways by which eroded soil reaches
surface waters. Once in surface waters, nutrients and other pollutants are released from the soil particles
into the water column, causing excess pollutant loading to surfagaters or cultural eutrophication.
Since development demand neawater is high, construction activities can be a large source of
nutrients to surface watersUnpaved roads and trailsused by motorized vehicles neaurface waters

are especially vulnerabléo erosion.Stream bank erosion can also have a rapid and severe effect on
water quality and can be triggered or worsened by upstream impervious surfaoel asbuildings,
parking lots, and roads which send large amounts of high velocity runoff to senfeaters. Maintaining
natural vegetative buffers aroundurface watersand employing strict erosion and sedimentation
controls for construction can minimize these effects.

Soil erosion hazard is dependent on a combination of factors, including land contsu climate
conditions, soil texture, soil composition, permeability, and soil structg@Geen, Elkins, & Lewis, 2006)

Soil erosion hazard should be a primary factor in determining the rate and placement of development
within a watershed. Soils with negligible soil erosion hazard are primarilyliomg wetland areaswhich

are sensitive to development for other reasons aside from native soil erosion hazard rafiihgssoil
erosion hazard for thelampton-Seabrook Estuarwatershed was determined from the associated slope

and soil erosion factor Ktused in the Universal Soil Loss Equation (USLE). The USLE predicts the rate of
soil loss by sheet orrill erosiontW@E&8 & U3% dU@é @®2é | «é2 @e2é p2| éc
06 @O0EO020p 86U U««bé 00®2¢é é0| O®| é® «UQPREJSEUQEC é |
erosion« UG éUD x2 | gdé2é x| p ©2 ¢é2¢0Esgon®werylikeg pnidE@¢ U3
erosion« UGB éUO x2 | é06é2é | @® €202 20| 0EUG 2 %wuUéde | é°2
significant erosion is likely and control measures may be cosBye 12 é2 z 2 ¢UGEUQ@ A| A|
account for 5% of the watershed and ae mostly concentrated in the upland headwater (steeper)

portions of the watershed (Figure9). Moderate erosion hazard areas account fé¥3of the watershed.

Slight erosion hazard areas account #4%and are concentrated in lowying areas around the dsary.

Overl3% of the watershed isot rated. Development should be restricted in areas with severe and very

severe erosion hazards due to their inherent tendency to erode at a greater rate than what is considered
tolerable soil loss. Since a highly ertt# soil can have greater negative impact on water quality, more

effort and investment are required to maintain its stability and function within the landscape,
particularly from controls that protect steep slopes from development and/or prevent stormwater

runoff from reaching water resources.

! Kw= the whole soil k factor. This factor includes both fieerth soil fraction and large rock fragments.
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Wastewater

Untreated discharges of sewage (domestic wastewater) are prohibited regardless of source. An example
of an illicit discharge of untreated wastewater is fromsufficient or malfunctioning subsurface
sewage treatment and disposal systems, commonly referredto as septic systems but which also
include holding tanks and cesspools, as well as leakyplockedsewer lines. When properly designed,
installed, operated, and maintained, septic systems can reduce nutrient and pathogen concentrations
in sewage withina zone close to the system (depending on the development and maintenance of an
effective biomat, the adsorption capacity of the underlying native soils, and proximity to a restrictive
layer or groundwater)Age, overloading, or poor maintenance can resultin system failure and the
release of nutrients, pathogens, and other pollutants, such as microplastics and pharmaceuticals,
into surface waterdEPA, 2016Pollutants from insufficient septic systents leaky or blocked sewer
linescan enter surface waters through surface overflow or breakout, stormwater runoff, or groundwater.
Cesspools are buried concrete structures that allow solid sludge to sink to the bottom and surface scum
to rise to the top and eventually leak out intaigounding soils through holes at the top of the structure.
Holding tanks are completely enclosed structures that must be pumped regularly to prevent effluent
back-up into the home.

Residential, commercial, and industrial areas in the Hamp®eabrook Estary watershed are serviced

by either municipal sewer or private septic systems. A small survey of 90 properties around the estuary
showed 75% served by municipal sew@ash & Dejadon, 2019Aging sewer infrastructure in the

towns have caused untreatedsewagedischarge to surface and groundwater in the watershed In

20152016, a 14nch sewer force main buried eight feet under the salt marsh in Hampton between the

Church Street pumping station and thidampton WWTF ruptured and discharged raw sewage to the

estuary. Th&fown of HamptolA | é éE@«2 ©2 ;60 Zad| OPED: %Ué 8A2 2 (2
©0éE2® 60®2¢ o0A2 x| éeA | @ é2 20| «E@¢ 0A2x UESA &
(Nash & Dejadon, 2019The Church Street force main through the salt marsh was permanently
decommissioned in 2018. A 2@llon sewage discharge from an overflowing manhole in a commercial

retail store parking lot along U.S. Route 19aabrook was reported in 2017. Three sewage discharges

totaling no more than 50 gallons from private systems, one sewage discharge of an undetermined
amount from a disconnected sewer line to a private trailer, and one sewage discharge totaling 2,000
gallons from a blocked sewer line were reported in Seabrook in 2016. One sewage discharge from a
blocked sewer line along U.S. Route 1 was reported in Hampton in 2016. None of these discharges were
reported as impacting surface wate(blash & Dejadon, 2019)

Residential or Commercidertilizer Use

When lawn and garden fertilizers are applied in excessive amouotsclose to a waterbodyin the
wrong season, or just before heavy precipitation, they can be transported by rain or snowmelt runoff to
surface waters where they can promote cultural eutrophication and impair the recreational and aquatic
life uses of the waterbody. Many states alodal communities are beginning to set restrictions on the
use of fertilizers by prohibiting their use altogether or requiring soil tests to demonstrate a need for any
phosphate application to lawns.

Agricultural Practices

Although agriculture is less pminent in the watershed today, runoff from agricultural fields containing
manure and fertilizer are also potential sources of pollutants to the estuary. Diffuse runoff of farm animal
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waste from land surfaces (whether from manure stockpiles or croplandnemeanure is spread), as well

as direct deposition of fecal matter from farm animals standing or swimming in surface waters, are
significant sources of agricultural nutrient pollution in surface waters. Farm activities like plowing,
livestock grazing, vedation clearing, and vehicle traffic can also result in soil erosion which can
contribute to nutrient pollution. Excessive or-imed application of manure or crop fertilizer or poor
manure storage which allows nutrients to wash away with precipitatioot only endangers surface
waters but also means those nutrients are not reaching the intended crop. The key to nutrient
application is to apply the right amount of nutrients at the right time. When appropriately applied to sail,
synthetic fertilizers or aimal manure can fertilize crops and restore nutrients to the land. When
improperly managed, pollutants in manure can enter surface waters through several pathways,
including surface runoff and erosion, direct discharges to surface water, spills and otlyaveather
discharges, and leaching into soil and groundwater.

Pet Waste

In residential or public recreation areas, fecal matter from pets can be a significant contributor of
nutrients and pathogens to surface waters. Each dog is estimated to producera@sgf feces per day,
which contain concentrated amounts of nutrients and pathoge(SWP, 1999)f pet feces are not
disposedof properly, these nutrients can be washed off the land and transported to surface waters by
stormwater runoff. Pet feces can also enter surface waters by direct deposition of fecal matter from pets
standing or swimming in surface waters.

Nuisance Wildlife Waste

Feal matter from wildlife such as geese, gulls, other birds, and beaver may be a significant source of
nutrients in some watersheds. This is particularly true when human activities, including the direct and
indirect feeding of wildlife and habitat modificadn, result in the congregation of wildlif6eCWP, 1999)
Congregations of geese, gulls, and ducks are of concern because they often deposit their fecal matter
next to or directly into surface waters. Examples include mowed fields adjacesutiace watersvhere

geese and other waterfowl gather, as well as tiralerside of bridges with pipes or joists directly over

the water that attract large numbers of pigeons or other birds. Studies show that geese inhabiting
riparian areas increase soil nitrogen availabilitghoi, et al., 202@nd gulls along shorelines increase
phosphorus concentration in beach sand pore water that then enters surface waters through
groundwater transport and wave actio(Btaley, He, Shum, Vender, & Edge, 20@8)en submerged in
water, the droppings from geese and gulls quickly release nitrogen and phosphorus into the water
column, contributing to eutrophication in freshwater ecosystenfi§lariash, Rautio, Mallory, & Smith,
2019) On a global scale, fluxes aftrogen and phosphorus from seabird populations have been
estimated at 591 Gg N per year and 99 Gg P per year, respectively (with the highest values derived from
arctic and southern shorelinegDtero, De La Peflaastra, PéreAlberti, Osorio Ferreira, & Hueriaz,

2018) Additionally, other studies show greater concentrations of nitrogen, ammonia, and dissolved
organic carbon downstream of beaver impoundments when compared to similar streams with no
beaver activity in New Htand (Bledzki, Bubier, Moulton, & Kyk&nowman, 2010)

Point Source Pollution

Point source pollution can be traced back to a specific source such as a discharge pipe from an industrial
facility, municipal treatment plant, penitted stormwater outfall, or a regulated animal feeding
operation, making this type of pollution relatively easy to identify. Section 402 of the CWA requires all
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such discharges to be regulated under the NPDES program to control the type and quantajudbpts
discharged. NPDES is the national program for regulating point sources through issuance of permit
limitations specifying monitoring, reporting, and other requirements under Sections 307, 318, 402, and
405 of the CWA.

NHDES operates and maintaitiee OneStop database and data mapper, which houses data on Potential
Contamination Sources (PCS) within the State of New Hampshire. Identifying the types and locations of
PCS within the watershed may help identify sources of pollution and areas to tdogetestoration
efforts. Downloaded and filtered for thelampton-Seabrook Estuaryvatershed, these data identify
potential sources of pollution to theestuary, includingaboveground storage tanks, underground
storage tanks, automobile salvage yardslid waste facilities, hazardous waste sites, local potential
contamination sources, NPDES outfalls, and remediation SjEgurel0).

Above and Underground Storage Tanks

Above and underground storage tanks include permitted containers with oil andalégaus substances

such as motor fuels, heating oils, lubricating oils, and other petroleum and petroleamiaminated

liquids. There ar80 aboveground storage tanks within the watershed. Twnty-four (24)are found in

Seabrook five in Hampton, and one inRUé 8 A A| x&2ed U@ | 8 «Uxx2¢é«E| O OOU
Racing, Inc., Jiffy Lube, First Student, Inc.), industrial (Foss Manufacturingl@), municipal (Hampton
Department of Public Works, Seabrook Fire Department), and yiNextEra Energy SeabrookaBon)

properties. There arel39 underground storage tankswithin the watershed Sixty-nine (69) are found

in Hampton, 56 in Seabrook, 11 in Hampton Falls, two in North Hampton, and one in Exgtercats

properties, as well as atumerousgas stationsh A2 u| 3022 <EéA2éx| @gé , UUeax? é
of fishermen who work together to provide dock facilities, fuel, ice, and a place to unload fish, have on

site machinery (hoists), as well as a 10/0@llon diesel steel aboveground staga tank that sits
approximately 180 feet from the wat¢Nash & Dejadon, 2019)he Hampton Harbor state boat launch

provides fuel to fisherman and recreational boaters through their 10;680on diesel underground

storage tark and 4,00@allon gasoline underground storage tarfklash & Dejadon, 2019)

Automobile Salvage Yards

There areghree automobile salvageyardsi ES AE@ o6A2 0| d2¢ééA2® SAtoB 2 E8A:2
OE %2 z 02 Abraleast 25vabigias foldnore than 60 days at a tFoggs Auto Recycling, Circle

Motor Sales, and Walter E. Knowles Auto Salvagiadted inSeabrook.are currently registered with

the NHDES Greenyards Program as active.

Solid Waste Facilities

There areeight solid waste facilities within the watershedTwo facilities currently in operation for the
collection, storage, and transfer of waste are the Hampton and Seabrook transfer stations. There is one
abandoned dump/brush and stump dump clasifl asan unlined landfill in Hampton Falls. There are

2b commercial (Scott Pontiac, Ames Department Store, Captains Quarters, First Student, Inc., Former J R Murphy Lumber Co., Frank

Fitzgerald, Inc., GMBxcavating, Gaslight Trust, Hampton Sports Club, John W & Carol K Dodge, One Liberty Hampton, LLC, RAI Resource

Analysts, Inc., Wheelabrator Technologies, Inc., Yankee Greyhound Racing, Inc., Hampton River Marina, PS Marston,/SsamakstaCoca

Col *Ud80E@;, ,Ucob %2®2¢é| O Okc _Uéd| O c2é0E«2 A| xedUZoPDREG®OEJEE| O O
Seabrook, Foss Manufacturing Co., Inc., Henkel Technologies, Spherex, The Timberland Co.), residential or agriculioigd| fentre

School, Hampton Department of Public Works, Hampton Academy Jr High School, Lane Memorial Library, Lincoln Akerman Sshaol, Ma

School, Seabrook Elementary/Middle School, Seabrook Fire Department, Winnacunnet High School), state (Haompfokes PS 830), and

utility (Bell Atlantic, NextEra Energy Seabrook Station, Verizon) properties.
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four close, unlined municipal landfills in Hampton Falls, Hampton, Kensington, and SeabroGke

inactive processing and treatment facility, North Atlantic Enerigyin Seabrook.

Hazardous Waste Sites

Al Al é®Uobeé 1| ed82 .2 @2 ¢é| 0EQ@: ¥%| «EOEO0E2eé | é2 E®2 @6 E
Recovery Act (RCRA) and requither federal or state regulation. OnE0of the 173hazardous waste

generating facilities within the watershed are listed as active; the remaining facilities are classified as

either inactive 87), declassified33), unspecified(2), or nonnotifier (1).Seventynine (79) ardound in

Seabrook 79 in Straham, 69 in Hampton, 11 in Hampton Falls, seven in North Hampton, five in
Kensington, and one in Exetefhe facilities include a range of commercial and industrial operations

such as automotive and trucking, steelworks, pharmacidemolition, cleaners, ga stations, medical
and veterinaryfacilities, retail stores, utilities, machinery, and breweries.

Local Potential Contamination Sources

Local PCSare sites that may represent a hazard to drinking water quality supplies due to the use,
handling, or storage of hazardous substanc@biere may be overlap between lodalCSand other PCS
identified in this section. Of th&3 local PCSwithin the watershel, 35 are found in Seabrook, 22 in
Hampton Falls, 18 in Hampton, five in North Hampton, and three in Kensindtooal PCS include
salons, dry cleaners, pool stores, barber shops, salvage areas, auto repair shops, business condos,
machine shops, fabricatio, chrome plating companies, leather finishing, butchers, medieeid
veterinaryfacilities, antique shops, auto repair shops, car washes, and retail shops.

NPDES Outfalls

Of thell NPDES outfallshat discharge pollutants directly to surface waters within the watershed, six

are actively discharging: Chemtan Co., Inc. (NHG250121) discharge®ntatt cooling water, which is
non-toxic, so no dilution factor is needed, to Ash Brook in Exeter; NHDIB1022225) and Gruhn Engine
Repair Site (NHG910007) are classified ingdoeindwater category and discharge to a wetland to the
Taylorand Hampton Fallgivers, respectively; Aquatic Research Organisms (NH0022985) and Enthalpy,
Inc. (formerly EnviroSysins, Inc.) (NH0022055) discharge wastewater through a shared outfall to the
Taylor River and require a dilution of 100; the Hampton WWTF (NH0100625) provides secondary
wastewater treatment and discharges wastewater directly to the estuary via a tributaiiyde Mill Creek

with no dilution. Secondary WWTFs remove most bacteria and suspended particles from the water but
do not filter the water to remove nutrientEPA, 2022a)

The average sewage flow to thampton WWTHs 2.6 milion gallons per day. Nash & Dejadon (2019)

indicate that the Hampton WWTF is likely the most significant source of pollution to the estuary;
howevetRA/ 3¢ %U0@B® @U eE¢;QE%E«| 08 ®2 %UE«E2 @«E2é& E@ &4
concentration,e0| @8 %O0Uu 0202 0éb Ué Ueae? @4askd & Dgadob, 2019 A2 @E
Effluent bacteria concentrations tend to be highest in the spring and summer during peak tourism. The

Town of Hampton is currently in phase omé three to replace and improve the Hampton WWTF and
associated sewer infrastructur@own of Hampton, NH, 2021)

The Seabrook WWTKNH0101303) provides secondary treatment to wastewater for most residences
and businesses inéabrook and outfalls directly to the Atlantic Ocean approximately 2,100 feet offshore
of Seabrook BeacNash & Dejadon, 201 HDES flow studies indicate that the estuary is hot impacted

by effluent discharge by the Seabrook WWTF; however, the sewer infrastructure in Seabrook near the
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estuaryis of greater concern for risk to water qualifNash & Dejado, 2019) PREP (2018) listed the
pressure indicator, point source nutrient loading from WWTFs,jmaproving for the Seabrook and
Hampton WWTFs in the HampteBeabrook Estuary watershed. The impiograting is due to ongoing

upgrades to the WWTFs.

Ranediation Sites

The31l4remediation sites present within the watershed consistieéking storage facilities that contain

fuel or oil, initial spill response sites, historical dump sites, leaking residential or commercial oil tanks
for heating or motor oiltanks, underground injection control of wastewaters not requiring a
groundwater discharge permit, discharge of hazardous fluids and fuel from sunken boats or cars,
stormwater runoff from businesses such as an auto garage, or a flagged groundwater saomple f
contamination but with no direct connection to a source of contaminatiocdf the 314 remediation

sites, 131 are found in Seabrook, 120 in Hampton, 40 in Hampton Falls, eight in Exeter, eight in
Kensington, six in North Hampton, and one in Stratham.

AlrFacility Systems

There arghree active air facility systems in the watershed: NextEra Energy Seabrook, LLC in Seabrook,
Foss Performance Materials, LLC in Hampton, and Foss Manufacturing Co., LLC in Hampton.

Hampton Harbor © Marinas.com

36



Hampton Seabrook Estuary Management Plan

Exeter

Kensington

!
East |
Kingston|

South Hampton

\
Merrimac \
\

Legend

Salisbury

1S

&

North Hampton

Atlantic
Ocean

Hampton-Seabrook Estuary Watershed
State Border

Agriculture (4%)

I Commercial / Mid Density Development (14%
[ Low Density Development (17%)

Il Open Space / Mowed (1%)

Exposed Soils / Bedrock (1%)

HAMPTON-SEABROOK ESTUARY
MANAGEMENT PLAN
Hampton, Hampton Falls, Seabrook
New Hampshire

Land Use

Data: NH GRANIT, NHD, NWI, MASSGIS,
STREAMSTATS.
Projection: NAD 1983 State
I Forest (29%) Rare New Hampshire FIPS 2800
0 Created by: S.Large & L. Diemer,
e Mesdow (2%) GRS December 2021
#75 Wetland (29%) 0 1 9
I Water (3%) — — il
Figure 8. Land use in the Hamptoi$eabrook Estuary watershed. Land use data obtained ffo

Use 2015 Southeastern Newampshiredataset] o® Q] éé =Ec¢ O] I® ké?

=b REh&E

0] o

6np06 ® 3] é26

37



Hampton Seabrook Estuary Management Plan

Exeter

Kensington

———
I

South Hampton

%
R
5
‘t
3
Merrimac \

North Hampton

Sm—

Atlantic
Ocean

¥ Y ;
3 / é ri‘
| 2 e
Legend HAMPTON-SEABROOK ESTUARY
Hampton-Seabrook Estuary Watershed Sojl Erosion Hazard MANAGEMENT PLAN
el State Border B severe (5.0%) Hampton, Hampton Falls, Seabrook
{..__.i Town Boundary : New Hampshire
Streams I Moderate (37.4%) P
Slight (44.2%)
] Not rated (13.4%)

e

Project
Area

Soil Erosion Hazard

Data: NH GRANIT, NHD, NWI, MASSCIS,
STREAMSTATS, TNC,NRCS.

Projection: NAD 1983 State
Plans New Hampshire FIPS 2800

FB

Created by: S.Large & L. Diemer,
snsirosmia al \

December 2021
0

1 2

I N Viles
Figure 9. Soil erosion hazard for the HampteSeabrook Estuary watershed.

38



Hampton Seabrook Estuary Management Plan

Ry¢
= Stratham
Exeter
North Hampton
l
i
i
Kensington %
East | ; S 1 ' g
Kingston| X Ok [
| N R i?f; S
South Hampton
Atlantic
Ocean
b ]
=
Project
Area . Salisbury
Amesbury ‘
Merrimac 2 :
\ P 5.
Legend HAMPTON-SEABROOK ESTUARY
Hampton-Seabrook Estuary Watershed A  Solid Waste Facilities MANAGEMENT PLAN
State Border ©  Aboveground Storage Tank Sites Hampton, Hampton Falls, Seabrook
|| Town Boundary ® Underground Storage Tank Sites New Hampshire
Buildings ¥ Remediation Sites . . .
Local Road @ Hazardous Waste Generators _ P0tential Contamination Sources
Not Maintained or Private Road o= Automobile Salvage Yards
Interstate or State Road =i Air Facility Systems Data: NH GRANIT, NHD, NWI, MASSGIS,
; ; B  STREAMSTATS, NH DES
I Estuarine and Marine Deepwater ® Potential Contamination Sources W "= Projection: NAD 1983 State
: : Plane New Hampshire FIPS 2800
Estuarine and Marine Wetland  NPDES Outfalls Created by: S.Large & . Diemer,
Freshwater Open Water GOl December 2021
Freshwater Wetland 0 1 2
Streams I S Viles

Figure 10 Location of potetial contamination sources in the Hampto&eabrook Estuary watershed.

39



Hampton Seabrook Estuary Management Plan

ConservatiorAreas

The HamptonSeabrook Estuary watershed contai@s883acres
(10%) of permanently conserved land acrossthe towns of
Hampton, Hampton Falls, Seabropland SalisburyFigure 11).
Muchof the conservedand in the watersheds located adjacent
to or contairs critical natural resources such as théampton-
Seabrook MarsfMeadow Pond, Muddy Pond, Ash Brook, and tl
Taylor and Hampton Falls rivergss of 2006346 acresof the
Hampton-Seabrook Marshwere permanently protected and
managed as natural areas or ecological reserves, 518 avees
permanently protected as working forest, 75 acmgsrein public
or institutional ownership butwere not permanently protected,
and 10 acresvere managed for the primey use of extracting
natural resourceqgZankel, et al., 2006Yoday,897 acres (12%)
of the Hampton-Seabrook Marsh representing 7,438 acres
(Zankel, et al., 2006are permanently conserved land in the
watershed

Smaller conservation areas also exish other areas of the
watershed towns In Hampton, notable consered lands in
addition to the HamptonSeabrook Marsh include the Towr \\1
<Uéz2e8 0O 0éU OgUTwslve|Sharesarkd], dHurg
Farm, Batchelder Farm, Ice Pond, Car Barn Ramdl the Barkley
property. Both Hurd Farm and Batchelder Farm are protects
under easement and are composed of agricultural land, fore
and wetlands that protect water quality and pvide recreational
opportunities. The Town Foredice PondCar Barn Pondand the
Barkley propertyare owned by theTown of Hampton(Town of
Hampton, NH, 2022)n Hampton Falls, notable consesst lands
include Raspberry Farm and the Janvrin Natural Aadgacentto
Raspberry Farnthe Marsh Lane Conservation Preservation a
Extension, Depot Road Scenic Vista, and Niebling Tree Far
Seabrooknotable conserved lands includérace C. Fogg Wiifdi
Preserve and the Seabrook Back Duridany of these conserved
lands are utilized for passive recreation.

Conserving land protects more than the land itself, it ensur
clean water, supports common and rare wildlife and pla
populations, minimizes flod damage, safeguards recreationa
opportunities, and prepares the region for the changesist
already experiencingrom climate change The conservation
goal for the Piscataqua Region is for 20% of all land to be§
conserved, whichas of 2018tands atjust over 15% after 41,555
acres of conserved lands were newly protected between 2011

Sunset thédampton-Seabrook
2017(PREP, 2018RAs of 2P2, both Hampton and Seabrook had E;/Z;iy?gam/yinég%”s; 100
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less than 10% of land protectd@% in the watershedgnd Hampton Fall$iad less than15%(12% in the
watershed) To restore the health of theestuary and prepare for future challengém development
and climate changemore land conservation in the watershed is needed

Areas for land conservation can be prioritized based on the presence of critical natural resources and
habitats. Much work has already been done to identifgse critical areas in need of conservationthe
seacoast region. In 2006, TNC, the SocietyHferProtection of New Hampshire Forests, the RPC, and the
Strafford Region Planning Commission (SRPC) developed Lthed Conservation Plan for New

Al xeéAEé25é |, U/ @ahkelDet al] 2006¥vBich idéndfied conservion focus areas
(CFAs) representinthe most critical coastal natural resources in need of protection, encompassing
much of the wildlife habitat protection priorities identified later in thidew Hampshire Wildlife Action
Plan(NHFG2015) NHFG ranks habitat based on value to the state, biological region (areas with similar
climate, geology, and other factors that influence biology), and supporting landscape for the protection
of Species of Greatest Conservation Need in New Hsrinp. The HamptonSeabrook Estuary
watershed is part of the Gulf of Maine Coastal Plain Lowland ecoregional subsection of the biological
region (NHFG, 2015MAbout 72% of theD/ @® , U@ é 2 é TFADakelagd Tierd/oeRy Wildlife
Action Plarn(WAP)priorities representing highest ranked habitagSteckler & Bricknewood, 2019)
Although covering slightly different areas in some portions of the watershed, both CFAs and WAP Tiers
1-3 cover 10,271 acres or 35% of the watershed (Figi)rén 2016, a a supplement to the 2006and
Conservation Plarthe Land Conservation Priorities for the Protection of Coastal Water Resources
(Steckler, Glode, & Flanagan, Land Conservation Priorities for the Protection of Coastal Water Resources:
A Supplement to The Land Conservation Plan for New Hampshire's Coastal Water&04 6yenerated

water resource overlays identifying focus areas for pollutant attenuation, flood storage and risk
mitigation, public water supply, and single and mulienefit water resources the seacoast regiorin

2019, TNC, in partnershiptiithe Great Bay Resource Protection PartnerskigyelopedConnect THE
Coast whichidentified critical habitat corridorslinking habitat blocks across the seacoast region to
protect connective habitats from increasing landscape fragmentat{&teckler & BricknewWood, 2019)

Over 2,422 acres of habitat corridors, representing additional land linking CFAs, were identified in the
watershed Allthese conservation prioritization efforts except for thiéAPare watershedbased and thus
extend into Massachusettavhich isimportant since Massachusetts does not recognize the Hampton
c2| ©eUUO 3é380| ép Arpad of @ijtiéaldEnviienmeatLanceén JACBERTaR update to
Zankel et al. (2006YNCdevelopedtheR? i A/ x@é AEé25é , U] éd] O s|] d2ééA2®
Update (Steckler & Ormiston, 2021)

One ofthe most significant CFAs in the seacoast regioiis the Hampton-Seabrook Estuarybecause

it consists of unfragmented natural spaedth a range of wetlands (salt marsh, mudflat, ponds, creeks,
and rivers) that are biologically diverse in both species and stratum. Resources provided by the estuary
include habitat for common and rare wildlife species, high yield aquifers, drinking water wells, water
protection zones, and identified farmland of importancBeyond the estuary and itsalt marsh land
elsewhere irthe watershed is also critical to protect. Thepland forests, shrublands, fields, freshwater
wetlands, rivers, streams, and ponds are resources that are all important for the health and function of
the natural resources in the watershed, as well as gwrounding coastal communitiesThree other

CFA identified within the watershed are the Taylor River and the Cove, Upper Taylor River, and Muddy
Pond CFAs (Figutd). The conservation goal for the Piscataqua Region is for 75% of all CFAs to be
conserved, whichas of 2017stands at 2550% for the Hampton-Seabrook Estuary(PREP, 2018)
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The HamptonSeabrook Estuaryincluding its salt marsh and sand dune habitatsupports a rich
diversity of plant and wildlife specieseveral of which are almost exclusively found in and around the
estuary. Although there are numerous plants and animals that utilize #stuary for bod and habitat,

there are a fewspeciesthat are critical for the ecosystem to function properly and therefore serve as
indicators for its overall healt. Some of theséey indicator organisms for the Hampton-Seabrook
Estuary include diadromous fish, clams and other shellfish, and birds When the populations of these

key organisms are impacted by various stressors, there is a cascading effect on other plants and wildlife
in the estuary. As a result, it isnportant to routinely monitor these indicators sthat threats to the

health of theestuarycan be detectedand tracked over timeThis section focuses on fish and shorebird
populations; shellfish are discussed in the following section on Shellfish & Harvesting.

Fish

Historically, the seven main rivers Wiin the HamptonSeabrook Estuary watersheslipported large
populations of diadromous fish, whichmigrate between fresh and salt water to complete their life
cycles. Common to the HamptorSeabrook Estuaryriver herring élewife and blueback herring,
Ameiican shad, rainbow smelt, Atlantic salmon, Atlantic sturgeaainbow smelt,and sea lamprey live
most of their life in saltwater but travel intestuariesand freshwater streams to reprodug&nown as
anadromous fish) Conversely, hle American eel, another historically common species within the
estuary, lives most of its life in freshwater and migrates to the sea to sp@wown ascatadromous
fish). Migratory(diadromous)fish are good indicators of water quality, highlighting bams within
waterways and stressors associated with development. Low dissolved oxyigérd to excessive
nutrients or impounded, slowmoving water behind damsind undersized culverts under roadsising
water temperatures andfluctuations in water level de to intense spring floods and summer droughts
are all factors that impact populations of migrating fish. More specifically, dissolved oxygen levels of 5
mg/L or lesshavebeen shown to altethe behavior of juvenile salmonids, shad, and river herfiwgh
increasedfish mortality at dissolved oxygen levelsf 3 mg/L or less(Eberhardt & Burdick, 2008For
migratory fish, whose condition was listed as cautionarytie 2018 State of Our Estuaries Report
populations of river herring within the Taylor River have decreased dramatically in recent years
despite rebounding within Great Bay; this decrease is likely caused by poor water quality in upstream
impoundments(PREP, 2018)he decline in mosquito populations following historic salt marsh ditching
hasalsobeen linked to alecline in small fish populations in the estuary (Eberhardt & Burdick, 2008)
Non-diadromous fish found in the brackisbr freshwater portions of the watershed include banded
sunfish, bridle shiner, eastern brook trout, redfin pickerel, shortnose sturgeon, smooth and winter
flounder, white perchand hake (NHFS, 2015)

Despite having toxicity data to asse$ise safety offish consumption in all surface waters, thers
minimal data onother fish populationmetricswithin the HamptonSeabrook Estuary watersheth the
NHDES EMD, fish population data areyoavailable for two waterbodies in the watershed: Taylor River
Refuge Pond NHLAK6000310a®) and Hampton Falls Riv&Yinkley Brook (NHRIV6000316m03.
Taylor River Refuge Pond was surveyed for fish populations in 2007 as part of a NHDESviicidy
found 12 brown bullheads with an average weight of 232 g and an average length of 24 cm and 12
largemouth bass with an average weight of 258 g and an average length of 27 cm. Hampton Falls Rive
Winkley Brook was surveyed in 1984 for fish populations as giaat NHFG studywhichfound one

43



I Hampton Seabrook Estuary Management Plan

American eel, two common sunfish, five eastern broc
trout, one eastern chain pickerel, and one redfin pickere
See Table Sih the HSEEMPSupplementary Document.

Birds

The HamptonSeabrook Estuary is considered
significant migratory stopover site for shorebirdkie to
the diversity and abundance of birds that ilize the .
eé 0 6 | éhpblads for foraging and breeding
Approximately3,000-3,500 shorebirds made up of over »
20 species regularly pass through theestuary during .
their southbound migration in the falMcKinley & Hunt,
2008) Although the estuary is primarily used for
southward migration, it also serves as a vital link in t
northward migration of shorebirds.Most shorebirds
utilizing the estuaryare the semipalmated plover and
semipalmated sandpipersalong with theblack-bellied |
plover and greater yellowlegs(Hunt, 2020) Other
common species includethe salt marsh sharptailed _
sparrow and the common tern.Some common | =
waterfowl seen throughout theestuary include wood
ducks, American black ducksnallard, common loons, g
and Canada geeséWVNading birds found in the area e

include the great blue heron, green and blagitowned HEs

terrestrial bird species such as the American crow/i
belted kingfisher, ruffedyrouse, wild turkey, bald eagle &
upland sandpiper, marsh hawk, osprey, grey catbir@=
cedar wax wing, common yellowthroat, eastern phoeb
and tufted titmouse can also be founth or nearthe
estuary(Jones, 2000; McKinley & Hunt, 20@8ptected ==
birds within the estuary include the common tern (
state listed species) and the piping plover (a federa
listed threatened specieq)Town of Seabrook, NH, 2011
Six species of nehreeding sandpipers (whimbrel, rudd
turnstone, sanderling, red knot, purple, and
semipalmated) are recognized as Species of Great
Conservation Need bthe NHFG(NHFG, 2015)

Shorebirds preferentially se certain locations within the
eduary fordifferent purposes. Foraging activity typicall
takes place within the extensive mudflats found at the
southern end of Hampton Harbor, the mouths ®fde  70p: Sanapiper© Bri Benvenuti

Mill Creek and Browns River, and the freshwater and//DDLE TOPlover © Bri Benvenuti.

brackish pools along the northern edge of thestuary — M/PPLE BOTTOB&andpiper © Mat Parker.
BOTTOM: Egrets. © Matt Parker.
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(McKinley & Hunt, 2008 or roosting, shorebirds have been documented using Plaice Cove, Meadow
Pond, Hampton Harbor, and Seabrook Beach, with the northeast portion of salt maitsim the estuary

used by breeding birds. In surveys completedthg New Hampshirdudubon in 2002007 and 2018,
researchers found that roosting had decreased within tlestuary. This decreasevas primarily
attributed to increased disturbance from constction, rising waters, and more frequent floodingor

the HamptonSeabrook Estuary t@ontinue to providecritical bird foraging and breeding habitait is
important that adequate conservation measures are takém protect and restore these habitats,
including the estuary, salt marsh, and sand dur{egint, 2020)

Other Wildlife

Other wildlife found in the Hamptoiseabrook Estuary and its watershed include various species of
amphibians, reptiles, fish, and mammals. Amphibiasisch as bullfrogs, green frogs, and blapotted
salamanders can be found in the freshwater reaches of the watersh&mhg with reptiles likethe

eastern ribbon and smooth green snakes andO| @ ® EaBtgrg Bainted, snapping, eastern box,
spotted, and wood turtles. Mammals foundinthee 3 6 | é p T & (| 82 éddybegRboEatsx O 6 ®2
gray fox, otters, minks, beavers, bats, and moose. Several bat species iiothewvatershedinclude the

big brown bat, eastern red bat, hoary bat, little brown bat, northern leegred bat, silvethaired bat,

and the tricoloed bat (NHFG, 2015)

Softshell clams (Mya arenarigand other shellfish® suchas blue musseléMytilus eduli¥, razor clams
(Siligua patula), and surf clams pisula solidissimyg are key aquatic indicator specieswithin the
Hampton-Seabrook Estuarysignifying the overall health and function of the estugdNash & Dejadon,
2019)Although the concentration opolycyclic aromatic hydrocarbons (PAHS) in mussel tissues remain
below the national median, there aremerging contaminants of concern, including pharmaceuticals,
per-fluorinated compounds, and #ime retardantd & A| 8 o0Aé2 | 82 @ 8A2 A2 O8A
populations. In 2015, there were 1.4 million adult clams in the estuary, far less thaarthealaverage

of 2.4 million from 2002011and the goal of 5.5 milliorpossibly due to a fatadancerlinked to warming
waters and increases in heavy metals and hydrocarbons in w@BEP, 20183 more recent trend from
20152018 however, suggess that the overall density of adult clams has increas@diash & Dejadon,
2019) Although the population of clams has been cyclical throughout history, there has beenadble

overall decline in clam populations since 1997in the HamptonSeabrook EstuaryPREP, 2018
addition, between 2012 and 201#e percentage of possible acrays (i.e., the number of open acres
multiplied by the number of days those acres were open for harvest) wasféb#te HamptonSeabrook
Estuary, which continues a lonagrm gradual increasing trend in acigays(PREP, 2018Flam flats are
U%oé2@ «OUeéz2® %wUOOUUE®: O| é¢2 0GOzo ¢é| EQRefertd @0 é
the Watershed Land Use section for identification and discussion of possible soofgeslliution to
surface waters.

Softshell clams and blue mussels are recreationally harvestedirom exposed mudflats within the
estuary(Town of Seabrook, NH, 201dnd only from areas that are conditionally approved by NHDES
based on acceptable water or tissue data absenceof known or suspected discharge evenBata

3 Other shellfish that live in the estuary include lobsters, rock crabs, hermit crabs, and snail species. Various spezstsvatér mussels can
also befound in the watershed, including the creeper mussel, eastern pond mussel, and alewife, brook, and triangle floater rilmsel®f
Seabrook, NH, 2011)
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regarding the safety of shellfish harvesting and consumptisaavailable in the NHDESan/tary Survey
Report for Hampton HarbdNash & Dejadon, 2019)here are 17 water quality stations within tharbor
where fecal coliform data are collected to evaluatesignated areas foshellfishharvesting(Figure ).
From 201852018, only one of these stations (HH33) had a geometric mean above the 14 MPNgi&@mL
criteriato support the designated use shellfish harvestind15.3 MPN/100mj3nd 10 stations had 90
percentile values above th 43 MPN/100mktate criteria to support the designated use dafhellfish
harvesting with concentrations ranging from 4944 MPN/100 m{Nash & Dejadon, 201@&igure 2).
Fecal coliform in theharbor is highly seasonal, with concentrations averaging around 5 MPN/100mL
during the winter and spring and 320 MPN/100mL during the summer and fedim 20092018(Nash &
Dejadon, 2019)As such, the start of the clamming seasorH@mmpton Harbor istypically delayed until
Novemberand continues through Mayseasonal closures due to unpredictable fecal indicator
bacteria levels and boat sewage contamination typically occur each year from June to October
Eight of the 17 stations aftecated in areas classified awnditionally approved for shellfish harvesting,
with the other ninestations located in areas classifieab prohibitedor restricteddue to elevatedecal
indicator bacteria levels oproximity to Safety Zonesincluding theNextEra Energy Seabrook Station
nuclear facility, the Hampton WWTF, the Seabrook WWTF, the Hampton River Marina, and the NH
Division of Ports and Harbors Hampton Harbor fueling/fishing offload fac{iMgash & Dejadon, 2019)
(Figure 2). NHDES closes conditionally approved areas following greater tharinoke rainfall events

or following discharge ofraw or partially treated sewage from the Hampton WW(IN&ash & Dejadon,
2019)

There aretwo commercial shellfish aquaculture sites in Hampton Harbor, both operated by Swell
Oyster Company. One is a -adre bottom culture in the Hampton Falls River and the other is sa21@
bottom culture area and ‘acre suspeded culture area irthe Browns RiverBoth sites are licensed for
production of American oysters, softshell clams, and hardshell cléNesh & Dejadon, 2019)

Hampton-Seabrook Estuary©Peter Thornton
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Figure 2:
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Figure 12 Status of shellfish management areas in the HampiBeabrookEstuary (Nash & Dejadon, 2019)

Other Recreatioml & Commercial Uses

As part of the New Hampshiseacoast the towns of Hampton and Seabrook support a high propant

of seasonatourism in the summer. Visitors come to these coastal towns to enjoy the summer recreation
opportunities offered and to visit restaurants, concert venues, the HampBwachCasino, and other
amusement attractions. The travel antdurism industry suppors many jobs (e.g., hotels/motels, retail
stores, restaurants, marinas, tour boats, etc.) ani®@d 2 ¢ ¢ | O U & A2 (Ire$, 200Q) é o
The Town of Hampton Falls is more rural and does not provide municipal water and sewgresidents

like the towns of Hampton and Seabrook, and since the Town of Hampton Falls does not have a
coastline, it experiences less tourism and seasonal influxes compared to the towns of Hampton and
Seabrook.

The most popular tourist destinatiomithe HamptonSeabrook Estuary watershed (and along the New
Hampshire seacoast) is thallage district of Hampton Beach in Hampton, NH, which was established
in 1907. Ocean Boulevard runs alongside the beach, along with a boardwalk, shops, seasonaldmatels
the Hampton Beach Casino, which provides topme entertainment to the areddampton Beach hosts
several popular andeconomically importantevents, including the Hampton Beach Seafood Festival
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(held the weekend after Labor Day each ye
attended by more than 150,000 people, th
Hampton Beach Sand Sculpture Competition (hel
in mid-June each year), and the Fourth of Jul
Fireworks.

Recreational activities within the Hampton g,
Seabrook Estuary watersheihclude beachgoing,
surfing, swimming, boating, sailing, paddling,
fishing, clamming, bird watching,sightseeing
walking, running, and bicyclingTown of Hampton,
NH, 2021; Jones, 2000here areseveralparks and
recreation areas throughout the eé 06 0 |
watershed. In Hampton, théarks andRecreation
Department manages 23 siteswhich include
Al xeda U@ *2| «Ab A6eée® <
Hampton-Seabrook  Marsh, Meadow Pong
Batchelder Fam and Park/|ce Pond, and the New
Hampshire Seacoast Greenway (NHSGpwn of
Hampton, NH, 2021)

Fishing of both finfish and shellfish are common - e
commercial and recreational activities within the
estuary (referalso to the Shdlfish & Harvesting
section). Charter boats take guests offshore fishi
for cod, flounder, mackesl, and other deep sea
specieg(Jones, 2000)A group also harvests crabs i
the Blackwater River to sell to restauranihere are
eleven total marinas and mooring fields within the &
estuary that cumulatively contain several hundre(%
mooring slips (Figure B). The marinas include- -
Hampton River Marina and Boat Club, Ne N _
Hampshire Division of Ports and Harbors Hamptc 2 '
Harbor Facility, and the YankeeER A2 é
Cooperative. The mooring facilities include the
Hampton River Boat Club Mooring Field, Nudc
Canal Mooring Field, Hampton River North Moori
Field, Hampton River East Mooring Field, Hamptc
River South Mooring Field, Seabrook Harbt
Mooring Fidéd, and Blackwater River Mooring Fielg
Recreational use of the marinas and mooring fiel
occurs from June through October, during whic
boat sewage discharge may be a potential source |8

pollutants to the estuaryNash & Dejador2019) TOP: Boalting® Matt Parker.
MIDDLE: Moorings. © Rodagrant.

BOTTOM: Paddlers. © Matt Parker.
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To maintain safe navigation of the estuapgriodic dredging of Hampton Harbor is necessary. Three

major dredges have been completed by the U.S. Army Corps of Engineers: 2004/2005 (110,699 cubic
yards of sand removed), 2012/2013 (167,947cydids of sand removed), and 20&8t{mated between
15Q00006170,000 cubic yards of sand remoy€Nash & Dejadon, 2019he dredgednaterialis used to
replenish the sand on Hampton and Seabrook beaches.

7
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Existing Protection
Policies& Regulations

Currently, all freshwater and estuarine streams, rivers, lakes, ponds, wetlands, and shoreland areas in
New Hampshire are regulated and protected Bsderally mandatedstate regulations State water
quality standardsfor waterbodies (e.g., streams, rivetakes, ponds) are described in the Water Quality
section. Applicable policies and regulations for wetlands, shorelines, and other natural resources are
described below.

Freshwater and tidal wetlands (vegetated and open water complexes) are regulatedetsyate under
NH RSA 482 and Administrative Rules EfWt 108900. Alterations to the land within wetlands,
including excavation and fill, are reviewed and permittedMMDESThestate has specific requirements
and/or additional protections for coastalrad tidal wetlands (EmWt 700), rivers and streams (EW\it
900), prime wetlands (EAwt 600), and resources within the tidal buffer zone &viv700)The Hampton
Salt Marsh Complex is protected byogal- and gate-regulated tidal buffer zonéEnvWt 10366) which

is anarea extending landward 100 feet from the highest observable tide(EfeDesign & Planning, 2020)

Under the dw Hampshireshoreland Water Quality Protection Act (Eviig 1400 & NH RSA 483 lakes,

ponds, and impoundments greater than 10 acres in size and rifetsth order and higher and their

associated buffers are protected. Vegetation removal, excavation, and fill with 250 feet of these
resources are regulated by NHDES, with specific requirements dbores within 50feet (waterfront

buffer), 15Feet (woodland buffer), and 25@et (shoreland buffer). Municipalities have the authority to

enforce local shoreland regulations in addition to thed | 82 gé ¢é2 60| dEUGéc RU(
municipalities, Hampton, Hampton Falls,or Seabrook have townspecific shoreland protection

ordinances.

For upland areas outside of surface waters, wetlands, and their buffer areassét| 0 2 ¢ é O0o62¢é| ol
Terrain (AoT) rules and regulatiofSKIRSA 48%\:17 and Administrative Rules EvWg 1500) also protect

water quality and the environment from stmwater pollution and sediment flushing from large
development projects. When a project proposes to disturb more than 100,000 square feet of contiguous

land, an AoT permit is required.

Natural resources exclusive to coastal areas are also regulatetior managedby the state to protect

public health or balance competing interests in land and water use at local, state, and federal.[€hels
NHDES Shellfish Programgulates the harvesng of shellfish in estuaries and along the coast. The
RA/ 3¢ Prdgdard danddes work within the Coastal Zone Management Act (CZMA) administered
by NOAAN 2019, New Hampshire adopted the 2015 International Building Code that requires all
municipalities to comply with floodrelated provisions. The primary requirement timed in this code is

that the elevation of new buildings must be at least one foot above base flood elevation (BFE). Although
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this onefoot requirement provides more protection, it will most likely have to be adjusted in the future
to account for the expcted two-to-five-foot rise in sea level by 2100.

Two of the three New Hampshire watershed towns (Hampton and Seabroolglsmeequired to comply
with the six minimum control measures under tHederally mandatedNew Hampshire Small MS4
General Permit. fie Municipal Separate Storm Sewer SysteS34 permit covers illicit discharge
detection and elimination plans (and ordinance inclusion), source control and pollution/spill prevention
protocols, street sweeping, catch basins cleaning, and road/ditch maivdace, and
education/outreach and/or training for residents, municipal staff, and stormwater operators, all of
which are aimed at minimizing polluted runoff to surface waters.

Hampton, Hampton Falls, and Seabrook each have specific paliaie regulations regarding wetlands,
land use, land conservation, and point amdPSpollution. Although there are several common themes
across the three towns, there are considerable differences in terms of the scope and implementation of
these regulatiors. In general, each town has their own communritgsed regulatory focus rather than a
consistent regional plan thatonsidersthe estuary in its entirety.These regional plans have been
developed by groups such as the RPC or TNC but have not been impledhbytthe towns, generating
varying forms of policies and regulations for natural resouraeshe watershed Below is ahigh-level
summary ofwhetherthe towns have adopted various policies related to watershed protectibable 4)

Table 4. High-level summary of existing policies and regulatiofts= Design & Planning, 2028¢fer to EF Design
& Planning (2020) for more information defining each of these major policy and regulation @aeg

Existing Policies and Regulations el el e
Hampton Hampton Falls | Seabrook

Wetland conservation district Yes Yes No
Vernalpools protection No No Yes
Designated "prime" wetlands No Yes No

Low impactdevelopmentrequired Yes No Yes
Hood storage and storm surge buffering Yes No Yes
Watershed protection ordinance No No No
Zoningordinanceprovisions for residential open spaeeonservation subdivisions No Yes No
Minimum area of soil disturbance thatiggers stormwater management regulations | No No Yes

In terms of wetland protections, the regulations in each of the three towary. Hampton and Hampton

Falls both have clearly defined Wetland Conservation Districts (W@Dshe towns have buffer rad
setback regulations, although these requirements are unclear for certain water resoueres the
distances mentioned vary by town. Hampton and Hampton Falls specifically outline their regulations for
tidal wetlands, nontidal wetlands, prime wetlandssurface waters, and poorly drained soils. Hampton
and Hampton Falls outline the prohibited uses within their defined WCDs, whereas Seabrook does not.
These prohibited uses generally include the building of specific structures and the application of
potential pollutants such as pesticides, herbicides, and fertilizgs Design & Planning, 2020)

All three towns have stormwater management and erosion and sedimentation controls in place for new
development. These regulations are derived from the NH Stormwater Manual and therefore have
common themes among them. Hampton and Seabrook requicev impact development while
Hampton Falls does not. The primary difference among the three tovismighe development
requirements to control stormwaterin a review of stormwater regulations in each of the towns, it was
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recommended that they adopt the Southeast Washed Allianc SWA)Model for their stormwater
ordinances and set a common threshold foraximum allowablepercent impervious coveby lot (EF
Design & Planning, 2020)

For flooding, all three towns have floodplain ordinances place but allow development and septic
systems(for Hampton and Hampton Falls onlyithin the FEMA designated floodplain. Hampton and
Seabrook have specific regulations regarding flood storage and storm surge buffeFimgTown of
Hampton requiresnew and substantially improved buildings near the tidal shoreline to follow more
protective requirements than those in the 2015 International Building Code enforced bystite.
Additionally,Hamptonhas implemented a parking program for residents who argacted by flooding
when tides are over 10 feet or during storm surges, allowing them to park their cars for free in municipal
lots at higher elevations (Town of Hampton Code Section-8(M)(1)).

In terms of other watemesourcesand environmental reguldons, rone of the three towns have
Watershed Protection Ordinances. Each of the three towns have taken landscaping/vegetated buffer
requirements into considerationhowever, the reasoning behind these requirements varies. The Site
Plan Review Regulation®r Hampton and Hampton Falls reference landscaping for the purpose of
screening/visually shielding properties and do not include specific considerations for wildlife and
habitat enhancement. The Site Plan Review Regulations for Seabrook on the otherdpeaifically
reference landscaping and vegetation to support wildlife and enhance habitat. Seabrook also
implements incentives for using or keeping existing vegetation intact. Hampton Fallszbagg
ordinances that contain provisions for residential opspaceconservation subdivisiongEF Design &
Planning, 2020)

PRERrepared an environmental planning audit of municipal regulations referred to &#e Piscataqua
Region Environmental Planning Assessment (PREPREP, 2015; PREP, 2020his audit, PREBet
standards for freshwater wetlashprotection, shoreland buffers and setbacks, stormwater management,
and impervious surfaces to evaluate the protections that a town has in place. They recomedédhdt
Hampton, Hampton Falls, and Seabrook develop a coastal land conservation overlaytjistrplement
mandatory conservation subdivision regulatior(svhere possible for the Town of Seabrook, which is
largely builtout with little opportunity for open space)and define a Fluvial Erosion Hazard (FEH) zone
overlay. They highlighted that Seabr&oand Hampton haveexplicit protections for vernal pools,
whereas Hampton Falls dmnot. Hampton and Hampton Falls do not have a stated minimum area of
soil disturbance that triggers stormwater management regulatiomghereas Seabrook implements a
40,000square footminimum. PREP also identified that the three towns are not achieving the minimum
design criteria for water quality volume/flow, groundwater recharge volume, and peak flow as defined
in Volume 2 of the NH Stormwater Man@&F Design & Planning, 2020)

Although Hampton, Hampton Falls, and Seabrook have already incorporated into their ordinances
important regulations for natural resource protection, additional changes will be needed. Much work is
still needed at the loal, state, and federal regulatory levels to protect these natural resources and their
valuable ecosystem services. Through CHAT, the Town of Hampton has been actively working to address
key flooding issues through their regulations and planning. One @majke to the enactment of local
regulations related to natural resource protection is enforcement, which can be limited by staffing
capacity and other resources.
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Future Threats

Ongoing climate change has important implications for the health of Hi@mpton-Seabrook Estuary

that should be considered and incorporated into the EMP. Adding to the stress imposed by ongoing
climate change is population growth and corresponding development in the watershed. The Hampton
Seabrook Estuary is at risk because of ndevelopment in the watershed unless climate change
resiliency and low impact development strategies are incorporated into existing zoning standards.

More frequent extreme precipitation events and rising sea levels are expected in the future due to
climate changethe combined effect of which will causmore severe storm surges, flooding, habitat
loss, and infrastructure damagm the HamptonrSeabrook Btuary watershed This altered hydrology

will impact sedimentation and landforming processes in and around the estudBREP, 2018)

In the northeastern U.S., the frequency @ftreme precipitation events (greater than one inchis
expected to increase over the next several decades, with a projected increag&diyi midcentury and
a44% increase likely by the end of the century under the RCP 8.5 emissions s¢daaRmckingham
County(refer toR T & é . OE Y AmintreaSeyirettie ndntoer of extremarecipitation events
will cause more incidents of floodingn the region.Rivers and streams wikklso likelytransport more
nutrients andcolored dissolved organic matter from the watershed to the estudExcess nutriets in
surface waters can trigger algae bloon@onversely,ricreases in colored dissolved organic matter in
surface waters carsignificantly redue the ability of light to penetrate through the water column,
thereby limiting the growth ofilgaeand submergd aquatic vegetation such as eelgrass.

Under the RCP 4émissions scenaripestimates okea level risecompared to 2000 levels for the New
Hampshire seacoast region are 0.5 to 1.3 ft by 2050, 1.0 to 2.9 ft by 2100, and 1.2 to 4.6 f{Ny 2150
Coastal Flood Risk Science and Technical Advisory Panel, .202@¢r the intermediate global mean

sea level rise rate of 3.3 feet, it is predicted thagh tide flooding frequencies will increase to 132+26

days per year by 2050 andIMncrease to a roughly daily occurrence by the end of the cenfgke, et

al., 2019)For Hampton, under a-Bot sea level rise scenario, 95% of high tides annually will exceed 10
feet, andthe average number of days per year with a major flood (over 13 ¥gktincrease to 27 days

(Chin & Howard, 2021Yuch of the land within the Hamptoi$eabrook Estuary watershed is at risk of
becoming chronically inundatetduring this century due to sea level rie&/ake, et al., 2019he coastal

high hazard area (VE Zone on FEMA Flood Insurance Rate Maps) has already expanded in Hampton, and
predicted sea level rise indicates that coastal flang will continue to worsen over time in Hampton and

other coastal towngWake, et al., 2019} is also anticipated that the velocity of tidal currents in the
estuary will increase due to the greater volume of water passhrgugh the estuary with sea level rise.

The New Hampshire Coastal Flood Risk Summiay 8 Ex | 82 & 8A| 8 Zo@®2¢é AE A ez

4RCP (Representative Concentration Pathway) 4.5 and 8.5 are part Giotingled Model Intercomparison Project Version 5 (CMIP5). The RCP

8cO 2xEeeEUD e«2@| 6EU Ee | OUu 80U xU®26| 052 ®é2 ®E«SEURGE Vaue BdAdz vhBOA 2
predictionbased on an unlikely future of increasing coal reliance. Even though the RCP 8.5 emission scenario may be an overpffddiction o

climate change impacts, most sources cite it as still a relevant and plausible future outcome to consider.

5Land is curently categorized as being chronically inundated when flooding occurs at least 26 times pefWea#e, et al., 2019)
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flood and ebb tidal current could increase by more than 85% in the Hamtch | ©é UU O(Waked 6 | é p 2z
et al., 2019)In addition to impacting the flow of dissolved and particulate material in and out of the

estuary, increased tidal currents may also impact erosion within the estuary, potentially exacerbating

land loss caused by sea levelais

A more recently studied impact of sea level rise that affects inland aregiisndwater rise (Wake, et

al.,, 2019) Groundwater levels are influenced by a variety of factors including temperature,
evapotranspiration, preciftation, runoff, snowmelt, land development, and sea level. As sea level along
the coast rises, the denser saline groundwater extefasher inland and causes the less dense fresh
groundwater to rise. As this groundwater rises, the boundaries of existietiand areas will widen and
low-lying dry areas where groundwater was shallow will transition into wetlands or develop into open
water. In New Hampshire, the groundwater rise zone is projected to extend up to 2.81ul8s inland

from the coas{Wake, et al., 2019V his area is approximately three to four times farther inland than tidal
water inundation and therefore expands the geographic scope of sea level rise impacts. Mean
groundwater levels are projected to Bsas a percentage of relative sea level rise, with the magnitude of
groundwater rise decreasing with distance from the coast. Mean groundwater levels are projected to rise
66% of the projected relative sea level rise betweedr@6 miles inland of the ced, 34% between 0-6

1.2 miles, 18% between 1129 miles, 7% between 125 miles, and 3% between 2361 miles of the
coast. More tharb.0feet of relative sea level risaduced groundwater rise is projected to occur in
approximately onehalf of the lard area within 0.6 miles of the coast with 6.6 feet of relative sea level rise
(Wake, et al., 2019)Vithin the HamptorSeabrook Estuary watershed, groundwater risanticipated

to be contained to the immediate vicinity of thestuary, including the coastline and salt marsh areas.

With rising seaand groundwaterlevels and increased storm intensity and surdoding will occur
farther inland, and existingsalt marsh systems may disappear or migrate to higher elevagiddalt
marsh habitat and species losswill be greatest in areas whergalt marsh systems cannot retreat or
migrate inland to escape rising sea levgiarticularly due to developed areas adjacent to the salt marsh

In the 6.6foot sea level rise scenario, 95%tbé existingsalt marsh in Hampton is projected to be lost

by 2100(EF Design & Planning, LLC, 2H®high water levels drown the salt marsh, turning it into
mudflat and eventually subtidal zone when the flood inundation persists. In open or natural areas,
saltwater intrusion associated withsea level risewill cause freshwater areas to become brackish
thereby changing the flora and fauna presefMH Coastal Risk & Hazards Commission, 2@&I6AMM
output comparing marsh habitat conditions in 2012 and 2060 showpbintial impacts from sea level

rise, namely the conversioaf high marsh to low marsh and the conversion of tidal flats to open water,
representing a loss in habitat for a number of ecologically and economically important species (Figure
14)(Kirshen, et al., 2018)hese impacts coul be lessened if the marsh accretion rate increases from its
current rate of 1.71 mm/yr to 4 mm/yr or more, as preliminary data from other New Hampshire marshes
have shown to be possible in response to sea level (#8eshen, et al 2018)Other ecological impacts

of flooding include sedimentation that can smother shellfish beds and coastal habitat alteration that
can affect the timing of nesting and migration for seabi(@HFG, 2015)

Theimpacts to infrastructure and critical facilities from flooding could range broadly depending on
the magnitude of sea levalnd groundwaterriseand storm surgeFor example, underh 7foot sea level
rise scenariqg 3.4 miles of roadways in Hampton would be ingped by flooding(RPC, 2015)This
increases to 13.2 miles under dabt sea level risecenario and 20.6 miles under a 8@t sea level rise
scenario(RPC, 2015These valuebecomeincreasingly concerning when storm surge is considered. The
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1.7foot sea level risescenario plus storm surge leads to 20.7 miles of roadways impacted, nearly the
same amount as thé5.3foot sea level risescenariq considering astronomical tides alon€Chin &
Howard, 2021; RPC, 20IR)ese infrastructure damages come at a high economic pfi¢eMA declared
seven floodrelated disasters in New Hampshire between 2013 and 2022, causing oveniia@ in
damage, which acounts for public assistance grant dollars only and not private flood insurance claims
(FEMA, 2022kror the Town of Hampton, 3,065 parcels with a total assessed value of $1.2 billion were
identified as being vulnerable to sdavel rise and storm surge by the end of the cent(lEf Design &
Planning, LLC, 2019)

Even though New England will face its challenges with flooding and extreme precipitatibar forms

of extreme weather due to climate clange will also impact the estuary arsdirroundingcommunities.
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communities and natural environments. Extreme heat waves are projected to continue and intensify in
the future, putting stress on water levels, exacerbating water quality issues, degrading wildlife
habitat conditions. This heat will also directly impact human populatiogsausingadditional physical,
emotional, and economic stressnd health and safety amcernsduring the summer months. This added
stress will carry over into the winter months as coastal New Hampshire is projected to experience more
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Hampton, NH, 2021)

Finally,marine waters are becoming more acidic due to the increased concentration of carbon dioxide
in the atmospherea portion of which absorbs into the oceariBhisacidification has a profound impact

on ecosystem health, negatively impacting many important species including blue mussels, oysters,
lobster, and flounde(PREP, 2018)

Hampton-Seabrook Estuary©Matt Parker
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