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Zone A
Watershed communities with a
tidal shoreline, plus Rochester and
Somersworth. These communities
have both greatest impact and
greatest stake in the environmental
health of the estuaries.

Zone B
Watershed communities with
no tidal shoreline.
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PREFACE
)

T
for all,

his comprehensive conservation and Management plan of the New
Hampshire Estuaries Project presenrs a broad. framework and specific
Iist of actions to protect and enhance the environmental quality of the
estuaries of the state of New Hampshire. It is intended to be a guide
who use, enjoy, or care about fhe state,s estuarine resources.

The NFIEP Management Plan addresses the environmental qualify of the
entire watershed draining to New Hampshire coastal waters, but focuses
action efforts on the lands surrounding the Great Bay and. Hampton-Seabrook
Estuaries. Due to the national significance of their natural resources, the
New Hampshire estuaries were selected for assistance and support from the
National Estuaries Program. Although these esn:aries are by no means pristine,
much progress has akeady been made in correcting problems. upgrades to
sewage treatrnent plants, reopened shelliish beds, restoration of degraded salt
marshes, increased acreage of permanently protected habitat, and improved
planning for futr:re development all indicate the power of partnerships forged
at the local levei. This Management plan builds on these improvemencs and
partnerships and focuses on this positive direction.

From its start, the New Hampshire Estuaries project has aimed for real
improvements to the environment. The idea that the only legitimate reason
for planning is to prepare for implementation was often mentioned at
NHEP meetings. Thus, the planning phase of the project was guided by .
the principle that enthusiasm for implementation would not be generated
by volumes of scientific srudies on every environmental issue, but by clear
demonstrations of problems and solutions at the iocal level. The common
theme of NHEP work was improvement and protection of estuarine water
qualicy - the foundation of the estuaries' value as wildlife habitat. as a
recreational resource, and as a key element to the seacoast economy.
Shellfish were chosen as a tangible, easily understood indicator to
measure improvemenls to water qualrty.

A diverse group participated in the deveiopment of the plan, with con-
siderable input from the public along the way. The plan is the result of a
three-year, collaborative process that required countless meetings, long
discussions, creative thinking,, and hard-won compromises. The Action
Plans crafted by these volunteers are practical, realistic, and ready for
implementation. This document courd not have been produced without
their patience and dedication.
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The Management PIan outlines actions formulated. around five themes:

Vater Qualrty

Land Use, Development, and lFrabitat protection

Shelltish

Habitat Restoration

Public Outreach and Education

Actions are largely intended to either prevent problems, identify and correct
problems, or educate and involve specific tatget audiences. The actions are
not presented as activities ro be implemented solely by the NHEp; rather,
they are intended as a guide for government agencies, recreational users,
businesses, educators, and members of the pubric who have worked, and
will continue to work, toward the over-arching goal of a clean, healthy
estuarine environment. The plan includes suggested funding and provisions
for monitoring progress over the long term.

This is an ambitious plan. \[zhile some actions can be implemented immedi-
ately, others require rnore time. over the next several years, we will contin-
ually evaluate the state of the esnraries, measure progress, and adjust the
actions to accornmodate curent realities. \fith the enthusiasm and steward-
ship of ali who live neaE work on, or simply enjoy the estuaries and their
bountiful resources, we will achieve our goal of protecting these priceless
resources for generations to come,

The following is a summary of actions that will help us achieve our goal.

)
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ACTION PLANS

)
WATER QUALTTY ACTTON P|_AN5
Wastewater Treatment Facilities

\rQ-1

\rQ-2

\rQ-:

4-17
Evaluate 'wastewater 

Treatment Facility impacts on estuarine
water quality, and seek practical options at the state level for
secondary and te*iary or alternative treatment where appropriate.
Evaluate the suitabilify of IIV alternarives ro chlorine in
wastewater post- treatment for the seacoast communities.
Prioritize and then upgrade facilities to reduce bacterial
poliution from hydraulic overloading of seacoast wastewater
rreatmenr facilities (Ir$rTFs).

l l l icit Connections in Urban Areas 4-26
\nQ-4A Establish on-going training and supporr for municipal personnel

in monitoring storm draknge systems for illicit connections.
\rQ-48 Assist seacoast communities in completing and maintaining maps

of sewer and stormwater dtainage infrastructure systems.
vQ-4c Eliminate illicit connections in seacoast communities.

) l l legal Direct Discharges 4-33
WQ-5 Conduct shoreline surveys for pollution sources.
\X/Q-6 Promote collaboration of state and local officials (conservation

commissions, hearth officers, building inspectors, et ar.) to rocate
and eliminate illegal discharges into surface waters.

WQ-7 Provide incentives to fix or eliminate illegai direct discharges such
as grey water pipes, failing septic systems, and agriculturai runoff.

Stormwater 4_40
rrQ-B Research the effectiveness of innovative stormwater treatrnent

technologies for existing urban areas in New Hampshire. and
cornmunicate the results.

\rQ-q Ensure that water quarrty and quantity impacts from new develop-
ment or redevelopment are minimized to the maximum extent
practical at the planning board stage of development.

\rQ-10 Research the use and effectiveness of the stormwater Management
and Erosion and sediment control Handbook for urban and
Developing Areas in New Hampshire. Revise, publish, and pro_
rnote the Handbook.

NHEP MANACEMENT PLAN
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Permitted Discharges 4-47

\x/Q-11 Revise state industrial discharge permit criteria in response to new
processing technology, and re-evaluate existing permits.

Oif Spills +49
\rQ-12A Acknowledge and support the oil spill prevention and response

activities of the Piscataqua River Cooperative.
\rQ-12B Enhance oil spill clean up efforu through pre-deployment infras-

tructure and development of high-speed current barriers.

Septic Systems 4-53
\x/Q-13 Provide septic system maintenance information directiy to shore-

line property owners, and to other citizens of the Great Bay and
coastal watersheds to help improve water quality.

\fQ-14 Encourage the use of innovative alternative technologies for faitng
septic systems to help improve w^ter qualrty.

Air Quality 4-57
NrQ-15 support efforts to reduce deposition of atmospheric pollutants

through eliminating loopholes in current laws, encouraging the
construction of more efficient power plants, and encouraging

. energ'y conserration.

Water Quality Funding 4-Sg
\f/Q-16 Find funding sources for key straregies.

Water Quality Outreach 4-6.1

srQ-17 coordinate public tours of wastewater ffeatrnent facilities
SfQ-18 Support and coordinate stormwater technical workshops.
\fQ-19 Stormwater Awareness: Support and expand stormdrain

stenciling programs.

SfQ-20 Conduct estuarine field dav for municipal officials.

LAND USE AND HABITAT PROTECTION ACTION PLANS
Future Development/l.mpervious Cover 5-19

)

LND-1

LND-2

LND-3

Prepare a report of current and furure leveis of imperviousness for
the subwatersheds of the New Hampshire coastal watershed.

Implement steps to limit impervious cover and protect streams
at the municipal level.

Conduct research in coastal NH watersheds to examine
the relationship betvreen percent impervious cover and
environmental degradation.

$ NHEP MANAGEMENT PLAN



LND-4 Prevent the introduction of untreated stormwater to wetlands by
supporting the development of NH Minimum Impact Development
Guideiines

\ LND-5 support the Naturar Resource outreach coarition (NRoc),

) 
a municipal decision-maker rand-use planning outreach
method modeled after the successful University of Connecticut
cooperative Extension "Non-point Education for Municipal
Officials" (NEMO) program.

)

Sprawl

tND-6

LND-6A

IND-68

rND-6C

IND-6D

LND-6E

tND-6F

5-31
Minimize urban sprawl in coastal watersheds.

Develop a regional pilot partnership to create a smart growth
vision among Towns and Regional planning Commissions in
a single estuarine watershed.

Conduct a comprehensive review of the 43 towns within the
estuaries and coastal watershed atea to determine land-use
polices that affect sprawl.

Develop and maintain a comprehensive database or library of
new smart growth funding prograrns.

Develop a science-based handbook and video on the nature,
causes, and remedies of sprawl for audiences in the coastal New
Hampshire watershed area.

Actively participate and contribure to the development of
new smart growtJr planning tools with particular emphasis
on provisions that protect estuarine .water quality.

Aggressively assist communities that embrace a strong smafi
growth philosophy to conduct comprehensive reviews, identify
sources of funding, provide public education, and implement
new land-use tools.

Tidaf Wetlands 5_46
LND-7 complete rulemaking and begin implementation of the

Recommended New Hampshire vetland Mitigation poliry for NH
DES, prepared by the Audubon society of NH and the steering
Committee on :Wetlands Mitigation

IND-8A Strengthen enforcement and effectiveness of the state tidal buffer
zone (TBZ) through outreach to local officials and tidal shoreland
properq/-owners.

LND-BB Amend state tidal buffer zone (TBZ) regulations to include
regulation of deck construction.

tNo-9a Reduce the quantity, improve the quality, and regulate the timing
of stormwarer flow into tidal wetlands tfuough policy changes ai
the NH DES Vetlands Bureau.

rNo-99 Reduce the quantity, improve the qualiry, and regulate the timing
of stormwater flow into tidal wetiands through changes to the Nu
DES Site Specific program.

NHEP MANACEMENT PLqN



LND-10 Using the Coastal Method and other techniques, identify and
restore additional restorable tidai wetlanos.

LND-11 Create a list of potential wetland restorarion projects that could be

I 
used for wetland mitigation projects, and distribute the list to state

, ^gencies and Seacoast municipaiities.

tND-12 Pursue restorarion funding from the NH Dor, USDA,/NRCS, us
F&\f/S and other sources.

Shorelands 5-57

LND-13 Provide a framework specfic and appropriate to the New
Hampshire Seacoast for defining and delineating urban and non"
urban shoreland areas.

LND-14 Develop and implement an outreach program to encourage and
assist communities in developing and adoptingland use regula-
tions to protect undisrurbed shoreland buffers.

fND-15 Support land conservation efforts in shoreland areas.
tND-16 Improve enforcement of the state comprehensive shoreland

Protection Act and other applicable shoreland protection policies
through ourreach efforts to local officials and shoreland property-
owners.

LND-17 Provide incentives for the relocation of grandfathered shoreland
. uses.

Groundwater 5-68
LND-18 Locate and quantify quantity and quality of groundwater inflow ro

the estuaries.

LND-19 Locate, reduce or eliminate, and also prevent groundwater con-
taminants.

Freshwater Wetlands 5-72
tND-20 Develop and implement a wetrands Buffer outreach program for

planning boards.

tND-21 Prevent the introduction of untreated stormwater to freshwater
wetlands by enacting legislation giving NH DES authoriry ro regu-
late stormwater discharge to wetiands.

LND-22 Prevent the introduction of untreated stormwater to wetlands by
strengthening municipal site plan review reguiations.

tND-23 Prevent the introduction of untreated stormwater to wetlands
through an increased understanding of stormwater impacts on
wetland ecology.

tND-24 rflork with NH DES ro encourage adoption of a srate wetlands mit-
igation poliry.

)
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LND-25

LND-25A'

LND-258

Encourage municipal designation of prime r7etlands and 100-foot
buffers (or equivalent protection).

Create a traveltng prime \Zetlands Display.
Provide training and project assistance for towns interested in
utiiizing the Method for the comparative Evaiuation of Non-tidal
Vetlands in New Hampshire

nrork with local planning boards and conservation commissions
on regulatory apprcaches to wetlands conservation.
Create and/or enhance local land conservation programs with

emphasis on high value wetlands and buffers.

)

)

LND-25C

LND-Z5D

Habitat Protection 5-86
tND-26 support imprementation of stare and federar rand protection

progfams (e.g., conservation and Reinvestment Act, Land and
communify Heritage, Teaming \r/irh \riidlife, Land and'whter
Conservation Fund, Coastal Initiative program, Farmland
Preservation program).

LND-27 support the efforrs of the Great Bay Resource prorection
Partnership.

LND-28 -Encourage 
towns to dedicate current-use change tax penalties

to conservation commissions for the purpose of narural resource
acquisition, easements, restoration, and conservation rand
management.

tND-29 Provide technical assistance in land protection and managemenr
to regionai land trusts and municipar conservation commissions.

tND-30 Deveiop and encourage use of biomonitoring standards to
evaluate v/ater quality.

tND-31 use results of biomonitoring and water quality moniroring ro
prioritize watershed areas for protection and remediation.

tND-32 Encourage municipalities to incorporate wildlife habitat protection
into local master plans by promoting NH Fish and Game,s
Identifuing and protecting Significant Witdlife Habitat: A
Guidefor Tottns and other activities.

LND-33 Develop a moder local pranntng approach to encourage the
identification and maintenance of contiguous habitat blocks.

LND-34 Encourage appropriate buffers around imporrant wildlife areas
and rare or exemplary nacural communities.

LND-35 Maintain curent_use program.
LND-36 Encourage conservation easements.

NHEP MANAGEMENT PLAN



SHEI.LFISH RESOURCES ACTION PLANS

Shellf ish Sanitation Management 6-1 1

) SHt-1

SHt-2

SHL-3

SHL-4

SHt-5

SHL-6

Implement National Shellfish Sanitation Program guidance to
develop an FDA-certified shellfish program.

Identify sources of and reduce or eliminate contaminants in the
New Hampshire estuaries watersheds.

Institute land-use practices in estuarine watersheds that improve
water qualrty and shellfish habitat.

Enhance funding to maintain a comprehensive shellfish program.

Regularly collect and monitor water quality to identify sources and
reduce or eiiminate contaminants.

Periodically collect and monitor shellfish tissue.samples as appro-
priate for toxins and biotoxins.

Outreach 6-36

Provide information regarding public access to shellfish beds
through distribution of maps/booklets.

Establish Bounty of the Bay shellfishing field education program.

Develop and maintain a shellfisher license information database
for use in outreach activities.

Update matedals and improve distribution of shellfish- related
information.

Provide for direct citizen involvement in NH shellfish manasement
decisions.

)

Shellfish Resource Management 6-22

SHL-7 Maintain an ongoing shellfish resource assessment program.

SHL-8 Develop and implement a plan for shellfish resource enhancement
and habitat restoration.

SHL-9A Decrease shellfish resource depletion and increase productivity
with stricter state penalties for illegal harvesting.

SHI-98 Increase outreach and education about methods to control sheli-
fish predators.

SHf-9C Explore alternative recreational shellfish harvest methods.

SHI-9D Increase productivity by discouraging the harvest of immature
shellfish.

Shellf ish

SHL-10

SHI-11

sHt-12

sHr-13

SHL-14

Sheflfish Aquacufture 6-4d.

SHL-15 Evaluate and address barriers to aquaculture and promote environ-
mental.ly sound aquaculture practices.

$ NHEP MANACEMENT PLAN



\ 
RST-i Develop and implement a pLan for shellfish resource enhancement

, andhabitat restoration activities to achieve a sustainable resource
contributing to a healthy environment.

Wetland Restoration (Tidal)

HABITAT RESTORAilON ACTION PLANS

Shellfish Restoration

RST-Z using the coastai method and other techniques, identify and
restore additional restorable tidal wetiand.s.

RST-3 Continue ro restore the restorable tidal wetlands listed in
the natural resources conservation service report, Metbod
for tbe Euaruation and Inuentory of vegetated rrdar Marsbes
in Neut HamDsbire.

Habitat Restoration

Wetland Restoratioir

General Outreach

Rsr-4 Identify and imprement habitat resroralion projects in other
important non-tidal habitat areas, such as upiands and freshwater
wetlands.

7-13

7-14

7-"t9

7-2"1

8-11

8-21

RsT-5 create a list of potential wetland restoration projects that could be
used for wetland mitigation projects, and distribute the list to state
agencies and seacoast municipalities.

I RST-6 pursue restoration funding from the NH Dor, USDA/NRCS, us7 F&\trS, and other sources.

PUBLIC OUTREACH AND EDUCATION ACTION PLANS

EDU-1 utilize the media to enhance educational efforts.
EDU-2 $/ork with the seacoast newspapers to establish a monthly news-

paper column devoted to coastal natural resource issues.
EDU-2a Develop an agreement with strafford county trNH cooperarive

Extension to enable the NHEp outreach project tearn to contribute
coastal natural resource information to the trNH cooperative
Extension column in Foster,s Daily Democrat.

EDU-3 Establish and fund a technical assistance grant program to pro-
mote and fund projects that support the NHEp management plan.

EDU-4 Maintain and expand the New Hampshire estuaries project,s shore-
Iine property-owner database.

Volunteer Involvement

EDU-5 support vorunteer organizations active in water quarity, habitat, or
other estuarine watershed natural resource issues

NHEP MANACEMENT PLAN
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INTRODUCTION
TO THE PLAN

he cultural and narural his-
tory of New Hampshiie's
Seacoast has long been
shaped by the bountiful

resources of its estuaries. The
Seacoast's natural beauty and
resource wealth, and access to
markets, education, and recreation
make the region a magnet for
people and businesses. Continuing
population growh is the greatest
threat to the environmental health
of the state's estuaries including
Great Bay, Linle Bay, and
Hampton/seabrook Harbor (hereafter referred to as the ,,ebtuaries,,).
The New Hampsbire Estuaries project comprebensiue consentation and.
Management Plan is a working document designed to help seacoast
communities protect, manage, and use their natural resource legacy
responsibly, for the benefit of present and future genefations.

THE TEAM
The pianning phase of rhe NHEP has been guided by a 3O_member
Management committee, chaired by the Director of the office of state
Planning, with assistance from four project Teams: ril/ater 

euality, Land use,
shellfish and Living Resources, and outreach and Education. All the mem-
bers of the Management committee and the four project Teams together
make up the NHEP Management conference - a group of approximatery 75
individuals representing the interests of area citizens; recreational resource-
users; the business, academic and scientific communities; local, state, and
federal agencies and governments; and environmental organizations. The
release of the draft Managernent plan rn December 1999 marked the conclu-
sion of the primary planning phase of the project. This finar Management
Plan was revised following public comment and review. After approval, the
ftnal Managernent pranwir move into the implementation phase. The
Management cornmittee will work to initiate, oversee, track, evalu ate, and
update implementation of the Action plans.

Gundalow on Great Bay)
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DOCUMENT ORGANIZATION

TLis PIan reflects the work of many individuals, agencies, and orgariz tions.

cbapter 2: state of the Estuaries is a thumbnail summary of the current
status and trends of the enviionmental condition of the esfuaries, based
on a detatied analysis of current scientific research and knowledge of the
estuaries completed for the NHEp.

chapter J:.A visionfor New Hampshire's Estuaries outiines a consensus
vision of people working together to protect and enhance the natural
resources of the esfuaries and the Seacoast region. This common vision was
developed by the NHEP with the participation of citizens, local officials,
University of New Hampshire scientists and educators, representatives of
environmental organizations, businesses,'and state and federal agencies. AII
aspects of the NHEP planning process invoived this same broad representa-
tion. Cbapter 3 presents a view of the possible - a realistic, reachable state
of the estuaries fot 2005 and beyond.

The key to understanding and implementing the planis recognizing that
everything in the esfuarine ecosystem
is connected to everything else. The NHEp plan foanses on warer quality
because it is related to nearly all the prionty problems identified for the
estuaries, and because progress can be measured and accounted for.
However, all five of the prionty concerns - water quality, land use and
habitat, shellfish resources, habitat restoration, and public ouffeach and
education - are related to each other. All are essential aspects of the
whole ecosystem and of the plan.

These priorities are discuss ed, n cbapter 4: water euality; chapter 5: Land
use, Deuelopment, and Habitat protection; cbapter 6: sbellfisb Resources;
cbapter 7: Habitat Restoration; and chapter 8: public outreacb and
Inuoluemenf. These chapters provide more detailed background on estuarine
environmental conditions, the most serious threats to the ecological health
of the estuaries, and what can be done to protect and improve the estuarine
environrnent. Each chapter contains an introduction, a statement of why the
issue is important, the problems or challenges to be resolved, a summary
of pertinent existing regulatory and managementr programs, and a series
of detailed Action plans.

Chapter 9: Regulation and Management reviews the institutional framework
for managing estuaries at the local, regionar, state and federal level.

chapter 10: Implementation and Financing outlines strategies and funding
sources, and cbapter LL: summary of Recommended Actions ranks the
Action Plans by priorify.

cbapter 11: Monitoring Planincludes research and technical development
needs and a monitoring plan to track progress and help ensure that efforts
to protect New Hampshire's estuaries are responsive, dynarnic, and effective.

)
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ACTION PLANS

The Action Plans in this document
were drafted by the NI-IEP project

Teams, refined based on suggestions
from the public gathered ar a series
of open forums, and reviewed and
revised by the NHEP Management
Committee following the comrnent
period on rhe Draft plan.

Each Action plan begins with a
background statement and a list of
actions or activities to achieve the
desired outcome. Each Action plan
also includes a list of responsible
parties, an estimate of costs and
funding sources, a review of any
anticipated regulatory needs, the
expected benefits, monitoring
and/ or enforcement requiremenb,
and a priority ranking in reladon
to the overall Management plan.

The total estimated costs for all the
Action Plans proposed in the plan
far exceed the financial resources
at hand. The NHEp Management
Committee has reviewed all the
Action Plans and assigned priority
rankings for implemenration.

THE NATIONAL ESTUARY PROGRAM
The New Hampshire Estuaries projea is part of the National
Esruaries Program (NEp), esablished by Congress in 19g7 ro
recognize and protect "estuaries of national significance.,,
The National Esnrary program is adminisrered by the U.S,
Environmental Protection Agency (EpA). Each esruary
progra;m completes four basic steps:

1
I Idenrify the major threats to the esn:ary through a review

of scientific infoimation and managemenr smrcture,
by sponsoring new research as needed, and enlisting
citizens, business groups, and other stakeholders in
creating a common vision for the esfuary,s future.

',
Z Dwelop a Comprehensive Conservation and

Managemenr Plan (CCMp) ttrat sets specific goals and
allocates responsibility for achieving the goals among
the NEP partners, regulatory agencies, local governments,
and citizen or interest goups. 'Ihis Management plan is
the New Hampshire Estuaries projed,s CCMP,

-)
J lmplement the plan, working with all the various

patners. Flexibility is emphasized to allow local
governments and citizens to choose the mosr cost-
effectiwe and e4vironmentally beneficial solutioru
for their communities to meet the plan,s goals.

A-t Monitor progress made toward the plan goals to deter-
mine the effectiveness of actions taken, and to focus on
areas where problems are greatest.

)

Higbest prioritjt actions are those
deemed cdtical to achieving pran goaIs, and will be pursued by the NHEP
in the first four years of implementation (lisred in Chapter tZ, p. ti Z). 

-

Higb prinrity actiotrs were rated less critical to achievin g ptangoals,
and will receive less emphasis in the first four years of-implementation.

Priority actions were considered good ideas to be pursued as time and
resources allow.

Thanks to the contriburions and leveraging afforded by partnerships forged
within the NHEp, a modest amount of imprementation fundrng can accomprish
a significant amount of work, as some projecfs can be integrated into the
work plans of Seacoast cities and tov/ns, state agencies, and environmental
organizations. This cooperation is made possible by the extensive human
resources and expertise among partner agencies, institutions, and organtza-
tions; the consistency-of program and organizational missions; and three years
of active collaboration in project planning. The planalso identifies potential
funding from a variety of sources. As funding is obtained, related Action plans
will be implemenred.
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PRO| ECT AREA
The NHEP project area covers the entire watershed for the estuaries. Towns
as far west as candia and as far north as \fakefield are within the drainage
basin. Although approximately one third of the watershed lies in the state of
Maine, the NtrEP is focused on the New Hampshire portion. In recognition
of the importance of proximity to the estuaries, the project was divided into
two areas: zone A and zone B. zone A municipalities are those towns that
border on tidal waters, plus Rochester and somersworth. zone B municipali-
ties are those in the drainage area but with no tidal shoreline. The BpA
review of the local management framework focuses primarily on zone A
municipalities (see inside cover).

A Dynamic Plan

Estuaries are dynamic natural systems, subject to constant change. change
in the estuarine environment is as sure as the ebb and flow of the tides, and
can be as powerful as the curents in the piscataqua River. Because estuaries
are complex, interconnected ecosystems, even a small change in one area
can affect the whole system. Human activities add, dramatically to changing
conditions in the estuaries - both improving and degrading environmental
conditions. The spirit of this Plan is to maximize the positive effects.

Recent decades have demonstrated how environmental quality and ecological
health can rebound from a history of pollution and neglect. But increasing
popuiation and development pressures in New Hampshire's seacoast region
could degrade water qualrty and add stress to these sensitive ecosystems.
Events both within the estuarine watersheds and in the ocean or world
could have direct and indirect effects on our estuaries.

scientists have iearned much about the healthy functioning of estuaries,
and about New Hampshire's Great Bay and coastal estuaries in panicular.
Still our scientific understanding is far from adequate. Researchers are also
seeking solutions to estuarine environmental problems and ways to prevent
future problems. The NHEp Management plan is a working document
designed to guide the protection and enhancement of the estuaries. It
includes research and technical development needs and a monitoring plan
to help ensure responsive, dynamic, and effective efforts to protect New
Hampshire's estuaries. If implemenred with flexibility this plan canherp
the state and seacoast communities respond quickly and efficiently to
changing needs and conditions, and to new scientific knowledge and
technical progress.

The New Hampshire Estuaries Project invites everyone who is interested to
review the Plan and find ways ro get involved in the many efforts to protect
and improve the environmenral qualiry and quality of life in the region.

)

$ NHEP MANAGEMENT PLAN



) STATE OF THE ESTUARIES

sfuaries Ne a. vit'-l compo_
nent of the narural, aesthet-
ic, and economic character
of coastal New Hampshire.

The culrural and narural history of
the region has long been shaped
by the abundant resources of New' 
Hampshire's estuaries. Archaeo-
logical evidence shows that long
before European colonization,
people were drawn to New
Hampshire's esfuaries for the
bountiful fish, shellfish, and game;
to grow crops on the rich soils
along the rivers; and to navigate
the waterways.

The first European settlements in
New Hampshire were located at the
waters' edge to take advanage of
the extraordinary fisheries of the
rich estuaries and the nearby Gulf
of Maine..Cod, lobsteq alewives,
sturgeon, menhaden, clams, and
oysters sustained the first Europeans
and formed the foundation of the early colonial economv. Coastal New
Hampshire's link to the estuaries was further strengthened when the forests of
the Great Bay watershed were harvested to supp$ the growing needs of colo-
nial shipbuilding as new boatyards sprang up along the tidewaters. soon after,
enterprising industrialists looked to the tidal rivers and creeks of coastal New
Hampshire for watelpower to drive mills and factories. Industry prospered
with the combination of abundant waterpower, plentiful nanrral resources,
and access to worldwide markets afforded by uiewater locations.
Todav wew rtampshire's estuaries still contribute to the economic, aesthetic,
and environmental character of our state. Howeveq the very attractions of rhe
coastal location and resources pose a threat due to the affects of population
growth and development on the environmental condition of the estuaries that
supports the region,s prosperity and appeal

NHEP MANACEMENT PLAN
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Little Harbor New Hampshire's estuaries face threats that imperil Seacoast traditions of fish-
ing, shellfishing, and other water-dependent 

".tirri 
i.r. polluted stormwarer

runoff, overburdened septic systenN, and wastewater treatment facility and
industrial discharges, all threaten the environmental quality of our estuaries.
These threats represent dangers to regional *",., qrr"lity, as well as to the
host of living things that depend on New Hampshire,s esnraries for their
well-being, and make the estuaries so resource-rich.

The activities of area residents and visitors have profound impacts on the
estuarine system. Boats put oil and other pollutants in the water, disturb
plant and animal life, and erode banks. shoreline development removes
protective plant cover, disturbs soils, increases runoff, and disrupts wildlife
habitat and corridors and scenic views. population growth and development
throughout the region add to stormwater problems and burden wastewater
treatment systems.

New Hampshire's estuaries provide a coveted coastal atmosphere and sening'
for life along the coast, as they have throughour hisrory. roiated within an
hour of Boston, Manchester, and portland, this unique and beautiful land-
and seascape attracts residents, businesses, and tourists, making the New
Hampshire seacoast one of the fastest-growing areas in New England - and
compounding the pressures of development on the estuaries. 

'we 
must use

these resources responsibly, to safeguard this regacy for future generatioru.
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WHAT 15 AN ESTUARY?
An estuary is a semi-enciosed embayment where freshwaters from rivers
and streams mix with salfwater from the ocean. EstLlaries are extraord,inarily
productive and diverse environments because of a unique set of conditions
that create unusually nutrient-rich, protected waters. Many biologists consid.
er estuaries among the most productive environments on earth.

Above: the Hompton-
Seabrook Estuory

Left: South and
North Mill Ponds,

Portsmouth

)
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Tidal Tributaries:
Sa lmon Fal ls/ Piscataquq
River, Cocheco River,
Eellomy River, Oyster
River, Lomprey River,
Squomscott River,
Winnicut River.

NEW HAMPSHIRE's
E5TUARIES
With its Old Man of the Mountains
icon, New Hampshire is more often
associated with the Vhite Mountains
than with marine or estuarine habi
tat. However, New Hampshire has
over 230 miles of sensitive tidal
shoreline in addition to 18 miles
of open-ocean coastline on the
Gulf of Maine.

New Hampshire's esruaries are
a varied collection of bays, tidal
rivers, and salt marsh systems.
The Great Bay and Hampton-
Seabrook estuaries are the
Iargest distinct esfuaries in New
Hampshire. Great Bay, Little Bay,
the Squamscott River, and the
tidal portions of the Lamprey,
Oyster, Bellamy, Cocheco, and
Salmon Falls Rivers, the Piscataqua
River, Little Harboq Rye Harbor,
Hampton-Seabrook Harbor, and
many smaller tidal tributaries are
all part of New Hampstrire's
diverse estuarine systemg.

Project Area

These watershed areas encompass
the New Hampshire Estuaries
Project study area which includes
43 municipalities, and arc the focus

of the actions included in the Managem.ent plan. (See map of the New
Harnpshire esuaries watersheds on the inside cover of *'s plan.)

The entire NHEP area of 43 towns is divided into Zone A and Zone B. The
19 communities of Zone A include all municipalities with tidal shoreline, plus
Rochester and somersworth. Many NHEP Action plans focus on zoneA cities
and towns since they havb both the greatest impact and the greatest stake in
the environmental health of the estuaries.

Great Bay

The Great Bay.Esnrary covers L7 square miles with nearly 150 miles of ridal
shoreline. Great Bay is unusual because of its inland locarion, more than
five miles up the Piscataqua Rirrer from the ocean. Due to its inland location,
Great Bay's tiflal exchange with the ocean is slow, requiring up to 1g days
or 36 tide cycles for water entering the head of the estuary to move to the
ocean, 'with 

much of Great Bay's shorelines still laryely undeveloped, it has
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been called "the unknown treasure
of the New Hampshire Seacoast.,,

Recreational shellfishers harvest
oysters and clams; fishing enthusi_
asts pursue striped bass, bluefish,
herring, or smelt; lobstering is a
commercial and recre atsonal actli-
fy, and eels are trapped for bait and
for export. Birders from all over the
country and the world come to
view migratory birds against this
picturesque backdrop. Great Bay is
the state's principal waterfowl over-
wintering site, and a focus area for
the North American Vaterfowl
Management Plan. The Great Bay
National S7ildlife Refuge was esrab-
lished on just over L,000 acres of
the former Pease Air Force Base.

Great Bay's relatively undisturbed
natural setting attracts scientists,
researchers, and teachers interested
in estuarine and marine processes,
or salt marsh, mudflat, eelgrass, and
other habitats. The University of
New Hampshire, a land-grant, sea-
grant, and space-grant university, is located in Durham within the oyster
River watershed of the Great Bay estuarine system. The university of New
Hampshire and New Hampshire's seacoast have become a nationally and
intemationaliy recogn2ed center for research, teaching, and development
of practical applications of marine and estuarine science and technoiogy.

Recognized as an estuarine system of national significance, Great Bay is the
site of the Great Bay National Esruarine Research Reserve and the University
of New Hampshire's Jackson Estuarine Laboratory. The National oceanic and
Atmospheric Administration recently joined with the university of New
Hampshire to establish the Cooperative Institute for Coastal and Esruarine
Envhonmental Technology at uNH. The newJoint Hydrographfc center
and the center for coastal and ocean Mapping at LINH have drawn the
top researchers in this emerging field.

Hampton-Seabrook Harbor

Hampton-Seabrook Harbor encompass es 475 acres of water at high tide.
characterized by extensive salt marshes and separated from the ocean by
a series of barrier beaches, this esnrary represents a more typical estuarine
system. This estuary,s 5,000 acres of contiguous salt marsh make it by far the
largest salt marsh in the state. Hampton-seabrook Harbor provides the back-
drop for Hampton Beach, one of the busiest tourist attractions and vacation
spots in the state. It is also the site of the North Atlantic Energy Service
Coqporation's Seabrook Station, a nuclear_powered electric generation facility.

NHEP MANACEMENT PLAN
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Aithough surrounded by the busy
seacoast communities of Seabrook,
Hampton, Hampton Falls, and North
Hampton, the Hampton-Seabrook
Estuary hosts the best clamming in
the state. Several thousand New
Hampshire residents purchase shell-
fish licenses each year, most to dig
the sofuhell or steamer clams of the
Hampton-Seabrook Estuary.

Estuarine Watersheds

New Hampshire's estuaries are
linked to the surrounding upland
areas by the freshwater that drains
through the Great Bay and coastal
watersheds. On its coruse to the
ocean, water collects a vaieqr of
materials of both natural and human
origin, with profound impacts on
the esruaries.

The 43 cities and towns in the 980
square-mile Great Bay and coastal
watersheds are linked by water.
From rainwater to groundwater,

puddles to tidal rivers, across municipal and political boundaries, water
moves unerringly through these watersheds along its course to the ocean.
Each watershed resident is responsible for safeguarding our mutual interest
in the water and natural character of the area, and for leaving a positive
environmental legacy of improving the environmental condition of New
Hampshire's estuanes.

New Hampshire has benefitted from its close association with the estuaries.
but the estuaries themselves have paid a dear price for this association.
Rivers that once supported substantial runs of anadromous fish (species that
live in saltwater but spawn in freshwater), such as Atlantic salmon, American
shad, and alewives and other river herring, now host minimal returns or
none at all. Over-harvest and poor estuarine warer quality have contributed
to declines of seasonal fish populations that depend on estuaries as spawn-
ing and nursery grounds.

For many years, our estuaries were used as convenient dumprng grounds
for sewage and industrial wastes. The industrial history of the Great Bay and
coastal watersheds are chronicled in the toxic materials trapped in sediments
throughout the estuaries. Dams that once ran rnills and factories now restrict
freshwater flow and collect sediments. Much of New Hampshire's valuable salt
marsh habitat has been lost or degraded ro some degree by filling and con-
striction of tidal flows for roads and development, and by historic ditching
and draining for harvesting salt marsh hay and,to control.mosquitoes. roLy
we are responsible for dealing with both historic and present-day sources of
estuarine contamination.

1
2
3
4
5

Common lsland
Hampton/Browns River Confluence
Browns River Area
Middle Cround
The \Mllows
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A REPORT CARD ON NEW HAMPSHIRE'S ESTUARIES
The good news is that our estuaries remain among New Hampshire,s crown
jewels. The estuaries are a natrval and cultural resource reasure. After a long
history of sewage and industrial pollution, water quality has improved signifi-
canrJy over the last two decades. The esnraries contain valuable and produc-
tive habitats that support diverse species, some rare or endangered.

The bad news is that work remains to be done. cleaning up the water of the
estuaries is critical to the health of resources such as shellfish, and.for people
to use and enjoy estuarine resources.

The priority water quality problems include:
! Bacterial contamination from runoff from impervious areas,

waste water treatment facilities (rilf$fTFs) overloading and
malfi:nctions, illegal direct discharges and cross-connections,
and faulty septic systefirs;

! Nurient contamination from \g\7TFs and non.point sources
such as tributaries, surface runoff, septic systerns, etc.;

r Toxic qontaminants from historic industrial sites, oil spills,
industrial and municipal wastewater, and stormwater runoff;

I ,Sediments from upland watersheds or rivers from runoff.

The priority living resource problems include:
I Oyster population declines

f Chm density declines

I Loss o1 fragmentation of wildlife habitat

I Degraded salt marshes

The management approaches fsr addressing
these problems include:

r Stormwater rnanagement

I Elimination or reduction of pollution from.\V.WTFs,
cross-connections, and illegal discharges

I Outreach to local and regional planners

I Shellfish resource and sanitation managemenr

I Land conservation

I Shoreland protection

I Limiting sprawl development

)
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Habitat Protection

Improving water quality, and improving and restoring habitats and resource
management will help address most of these problems. Growrh and develop-
ment present the greatest environmental challenges to the estuaries. In addi-
tion to solving existing problems, planning and preventive actions in the
estuarine watersheds are needed to protect the esnraries ffom the increasing
pressures of growth and development.

Water Quality
rrater quality, an important indicator of envronmental health , has a profound
influence on the condition of near$ all estuarine habitats, plants, and animals.
\7ater transports and redistributes harmfulbacterta, excess nutrients, and toxic
materials. Stormwater runoff contributes to degraded water quality and ttreat-
ens many natural resources throughorrt the coastal watersheds.

stormwater contaminates New Hampshire's estuarine waters with pathogenic
bacteria and viruses, nutrients, sediment, trace metals and other toxins from
roadways, parking lots, roofs, and residential and agricultural areas. Runoff from
impervious surfaces carries bacteia and sediments, and is a significant source of
trace metal and toxic organic contaminants. Storm runoff from disturbed areas
carries sediments and associated nutrients. Runoff resulting from rainfall and
snowmelt events in urban and urbaniztng areas is the most cofitmon source of
bacterial contamination in New Hampshire estuaries. This is due to a combina-
tion of inflow and infiltration to sewer pipes, overloaded wastewater treatment
plants and combined sewer overflows (csos), and non-point source runoff.
Bacterial contamination is the chief cause of shellfish bed closures.

Non-point source pollution (NpS) is warer pollution thar comes from diffuse
sources and is carried to surface water by rainfall, snowmelt, or groundwater
movement. NH DES estimates fhat over 90o/o of impairments to lakes, ponds,

Average levels, 1 988-98.
Levels greater thon
l4MPN/l00mllead
to shellfish harvesting
closures.
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rivers, and streams statewide are
due to non-point sources. \fater
quality moniroring studies show that
non-point sources are a significant
problem in New Hampshire coastal
waters and tributaries, especially for
bacterjal contamination, Stormwater
runoff can collect, transport, and
deposit fecal bacteria, excess nutri-
ents, oils and greases, toxic contami-
nants from pesticide and herbicide
applications, toxic metals, and sedi-
ments eroded from shorelines and
construction sites. Stormwater
runoff, which can include storm
sewef cross-connections, is consid_
ered the number one water qualiry
problem facing the Seacoast region,
and is a factor in keeping some
shellfish beds closed.

Point soufce pollution, typified by
both permitted and illegal direct dis-
charges, is a continuing challenge to
the environmental character of the
coasal watersheds. Wastewater
treatment facilities, industrial dis-
charges, and power plants are the
most cofitmon point sources. \fhile
these discharges are dosely moni-
tored and regulated through state
and federal permining processes,
the demands of regional economic
and residential growrh challenge
wastewater treatrnent plant capaci-
ties, spur demand for electric power,
and accelerate the production of
industrial waste products. point

source pollution, often characterized
by continual low level contaminant
loading, tends to increase propor-
tionally with regional growth.

New Hampshire's estuaries are also
subject to contamination from the
air. Atmospheric delrosition from
both outside and within the state,s

coAsTAL AtR QUALTTY
An ozone monitoring station at Rye Harbor no longer records lev-
els of ozone that exceed the standards set by the US EPA. Earlier
in the 1990s , ozone levels reguiar$ violated EPA's one-hour ozone
standard, indicating that the New Hampshire Seacoast, induding
Great Bay Estuary, had high tropospheric ozone levels. All of
Rockingham County was within the ozone non-attainment region,
therefore the estuary was in ozote non-afrainment. New
Hampshire no longer tr.Ls arry areas inviolation of this standard.

However, EPA recently created a more stringent ozone standard,
based on an eight-hour average. Once EPA designates areas of
aftainment and non-attainment New Hampshire may have some
areas that do not meet the eight-hour ozone standard. Air pollu-
tion presents health hazards to people and ro wildlife, and pol-
lutes surface water as atmospheric deposition. Still, citizens
attending NHEP public meetings ranked air quality iow in priori-
ty, probably because most Seacoast air pollution is beyond the
reach of local controi.

New Hampshjre and other East Coast states affected by ozone
pollution carried by air cunents from other regions have joined
together to form the Ozone Transport Assessment Group (OTAG)
to study the problem and seek appropriate actions. Nitrogen
oxides (NOx) and volatile organic compounds (r'OCs) react
together in sunlight to produce low level, or tropospheric, ozone.
OTAG studies indicate *rat NOx is the limiring factor in the photo-
reaction of NOx and VOC. Of all the NOx generared in New
Hampshire, 630/o is from mobile sources (motor vehicles) while
24o/o is from point sources and 730/o is from area sources. OTAG
daa also indicate that the majority of New Hampshire's ozone
results from NOx emissions that occur to the south and west, or
'upwind.'The NH DES has petitioned EPA to rnirigate the upwind
ernissions of NOx by requiring upwind sources to reduce their
Nox emissions, in an attempt to reduce New Hampshire's ambient
tropospheric ozone concentrations.

The Ozone Transporr Assessmenr Group (OTAG) has completed
their policy recommendations and submitted them to EpA for
their action. Based on OTAG's data, EPA has proposed new
NOx emissions figures that are directed at sources upwind of
New Hampshire.

NH DES has also convened a Global Climate Change'sTorkgroup
representing a wide range of interests from virn:ally every sector
throughout the state. Their charge is to suggest measures to NH
DES to reduce emissions of greenhouse gases cost effeclively and
without detriment to the economy. There are currently no regula-
tions at the state or federal level aimed specifically at controlling
greenhouse gases.

borders is now recognized as an important source of pollutants to surface
waters across the state. Lead, mercury, and nitrogen compounds are deposited
directly into surface waters or onto upland watershed areas and delivered to
the estuaries in stormwater runoff.

NHEP MANACEMENT PLAN
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Geometric meon fecol col-
iforms (colonies/l00 ml) in
woter collected during dry
weather ond storm events
for three consecutive years
in tributaries to the Greot
Boy Estuory: | 993-96.

Fecal Coliform in CoastalWaters

Fresh Water
Fecal coliforms/'l 00 ml

El WetWeather
, ::,..,rr Dry Weather

TidalWater
Fecal coliforms/l 00 ml

I WetWeather

FiiW#* Dry Weather

Cocheco River

tr
$F,:#,,HmL

'Oyster River

T,m
Lamprey River

1 0
Bellamy River Salmon Falls River
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Bacteria

Fecal coliform bacteria in water is a warning of sewage contamination and
may indicate the presence of disease-causing organisms. Found throughout
New Hampshire's estuaries, fecal bacteria come from a varie4r of sources:
faulry septic systems, overboard-marine toilet discharges, wastewater treat*
ment facilify overflows, and sanitary sewer-stormwater system cross connec-
tions. cross connections occur when sanitary sewers leak - or are illegally
connected - into stomwater systems, causing discharge of sewage-contami-
nated stormv/ater directly into surface waters. 

'waterfowl, 
pet, and livestock

waste can also contribute to bacterial contamination. Because of the public
health risks associated with these bacteria, fecal coliform levels are routinely
monitored throughout coastal New Hampshire in both wet and dry weather.
Shellfish beds ale closed to harvesting when fecal coliform levels in water
exceed 1,4 per 100 ml.

Although coliform counts in tidal rivers have been reduced dramatically since
1960, water quality sampling throughout the Grear Bay Estuary tracks a pat-
tem of elevated counts coming from urban runoff and wastewater trealment
plants. Despite significant improvements in recent decades, wastewater treat-
ment facilities (r7\fTF) in the seacoast do not meet their required treatmenr
standards 100% of the time. Facrors affecting srsrrF performance include
equipment problems, operational changes, operator errors, storm events, and
changes in waste stream. The most severe incidences of bacterial contamina-
tion from w$ZTFs follow rain evenrs that cause systems to overflow.

Bacterial concentrations in New Hampshire estuaries are highest during
or immediately after rainfall, indicating that much of the bacterial pollution
comes from contaminated stormwater runoff. Storm-associated bacterial pol-
lution has been found in all the primary rivers in the Great Bay watershed,
with the highest levels found in the Cocheco River.

2-10 NHEP MANACEMENT PLAN
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High background concentrations of bactena in the cocheco River under dry-
weather conditions suggest ongoing sewage pollutron. Cross-connections that
add untreated waste ro stormwater systery]s through cracked pipes and illegal
connections are the most likely sources of dry-weather bacterial pollution.
Stormwater systems then deliver contaminated water directlv to the Cocheco
River and streams flowing into Great Bay.

Nutrients

Estuarine systems are especially sensitive to excess nitrogen. Nitrogen is a nat-
urally occurring nutrient essential for plants and, algae. But too much nitrogen
can promote unrestrained growth of nuisance algae. As these algae b100ms
die and decompose, they rob the water of oxygen, harming or kirling estuar-
ine and marine life.

Nutrient loading is the continual addition of nutrients from natural and human
sources. The nutrient load to Great Bay from its tributary rivers comes from
both point and non-point sources, and from atrnospheric deposition. Nutrient
loading occurs in all New Hampshire estuaries and their tributaries. Evidence
suggests that nutrient concentrations within the main area of Great Bay have
not changed significantly over the past fwenty years. No widespread eutro-
phication effects have been observed. However, local isolated incidents

"of 
reduced oxygen levels and intense phytoplankton brooms have been"observed 

in some freshwater tributaries of the Great Bay Estuary. Documented
effects of phytoplankton blooms in other are^s are rare. Thus, eutrophication
and reiated impacts do not appe r to be an imminent widespread problem.

No data is avaiiable on nutrient loading in Hampton-seabrook, Rye, and Little
harbors. But given the 80%o tidal exchange twice a My, excess nutrients are
not believed to be a problem.

However, sources of nutrient contaminants such as wastewater treatment facili-
ty effluent, lawn fertilizer residue, septic systenu, and runoff from impervious
surfaces, will increase with human population growth and development pres-
sures' For this reason, it is important to continue to monitor nutrient levels in
New Hampshire's estuaries as a safeguard against gross nutrient contamination.

Dissolved Inorganic Nitrogen Monthly mean dissolved
inorgonic nitrogen at
Adams Point in Great Bav
for the years 1 973-81
and 1988-96

N utrient concentrations
within the main area of
Great Bay have not
changed significantly
over the post 20 yeors.
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Spatial distribution of
PCB concentrotions show-
ing hot spots in Hompton
Horbor and neqr the
Portsmouth Naval
Shipyord.

Toxic Materials

Heavy metal and toxic organic
compounds are found throughout
New Hampshire's esfi-raries. The
Portsmouth Naval Shipyard, the for-
mer Pease Air Force Base. and a
few other locations exhibit particu-
larly elevated concentrations of
some toxic contaminants. The most
cornmon toxic contaminants are
chromium, iead, mercury, copper,
zinc, and PCBs. A warning has been
issued against consumng lobster
tomalley due to PCB levels. DDT
and other organic pollutants are
present at elevated levels at some
sites, but not at concentrations of
concern to humans and other living
things in most cases. Concentrations
nLay waffant limited, localized con-
cern, but remediation is complicat-
ed, with issues of srirring up and
redistributing contaminants, dispos-
ing of dredgespoil, etc.

From colonial times mills, tanneries,
and factories were buiit on the
banks of o-ur coastal rivers for their
wate{power, shipping access, and
easy waste disposal. A legary of
toxic contamination remains stored
in the fine-grained sediments dis-
persed throughout the estuaries.
Currentiy small doses of toxins enter
the estuaries from permitted and
monitored discharges, pesticides,

atmospheric deposition, and occasional oil spills. other suspected sources
include municipal discharges, stormwater runoff, and groundwater contami-
nated with leachate from hazardous .waste disposal sites.

Land Use and Regional Growth

Many of the ttreats to the environmental character of our estuaries are the
direct result of human activilies, including development of land for residential,
commercial, industrial, and other uses. continued population growth and
development in the coastal region will add more impervious surfaces - paved
areas, buildings, etc. - and add to the potential for increased stormwater-relat-
ed, non-point source pollution. Negative impacts on both water quality and
living resources can be managed through careful planning of development.
New Hampshire communities - especialiy those with urbanized areas near
surface waters - need technologies that effectively treat runoff.A NHEP MANAGEMENT PLAN



Potentially Developable Land in the 19 Coastal New Hampshire Municipali t ies, 199g
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The greatest threars to water quahfy, habitat, and quality of iife from land use
and development are:

Impervious suffaces created in the built environment add to the volume and
velocity of stormwater, send.ing more pollutants and sediments through drains
and tributaries or directly into the estuaries.

shoreland development can destroy the naturar buffering of vegetated and
wooded soils against erosion and runoff, destroys wildlife iabitat and travel
corridors, and alterc scenic vistas from both shore and water.

Sprawl development fragments wildlife habitat and corridors and reduces
open space

In the 19 New Hampshire rowns with tidar shoreline (NHE' zone A),
approximately 300/o of the land is currently developed. studies indicate an
additional remaining r5o/o is undevelopable due to permanenr conservation
and wetiands restrictions. up to 550/o of the total l";d area within these
towns could potentially be developed, i.e., land with no legal restriclions or
physical constraints that would prevent development. Future development
will magnify runoff-associated problems and create new natural resource
management issues by increasing impervious surfaces and destroying or
degrading riparian and werland habiiats.

shorelands are under particularly intense residenrial development pressure
because many people desire to live by water in a coastal area. Shoreland
deveiopment can impair a npaian arears ability to protect.water quality and

NHEP MANAGEMENT PLAN
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provide habttat to several important wildlife species. Recent analyses indicate

350/o of New Hampshire's tidal shoreland - detined as a strip of land exend-
ing 300 feet from the water's edge - is already developed. Just 160/o of tidal
shoreland is permanently protected, with an additional2To/o likely to remain
undeveloped because of natural resource constraints. But approximately 280/o
of the state's tidal shorelands remain open and developable. Both shoreland
preservation and conscientious development of shorelands require carefui
planning and attention.

Natural Resources

The rich diversity of habitats found in New Hampshire's estuaries support
a great variety of plants, animals, and fish, including rarc and endangered
species. Botanists have identified 57 rare plant species within the Great Bay
and coastal watersheds, a dozen associated with estuarine environments.

These estuarine habrtats include salt marshes, eelgrass beds, algal beds, rocky
intertidal areas, barier beaches, dunes, mud and sandflats, clam and oyster
beds, and subtidal bottom habitats with substrate ranging from mud to cobble
and boulders. The NH Coastal Program and the LINH Complex Systems
Research Center are developing geographic information system (GlS) data
to map the location and extent of these various habitat are s.

Protecting and buffering the variety of habitats found throughout the Great
Bay and coastal watersheds safeguards the area's unique natural character,
and supports the suruival of the species that use and depend on these
habitats. Preserving and protecting these important habitats demands
careful planning as development pressures grow and human uses within
the watershed increase.

Land Use Regulations for "19 Estuarine Communities in Coastal New Hampshire

Regulation

Master Plan
Erosion Control
Stormwater Control
Wetland Protection
Septic Control
Gravel Extraction

Open Space
Floodplain Ordinances
Aquifer Protection

Shoreland Protection
Chemicals/Toxics
Crowth Management
Water Resource Management Protection Plan
Marinas

lmpact Studies
Biosolids
Review Committees

Number of Towns
with Regulations

1 9
1 8
1 a

1 7
t )

1 4
1 3
1 3
1 2
1 2
8
8
5
4
5

2
2

o/o Towns with
Regulations

10Oo/o

95Vo

89o/o

89o/o

79o/o

74o/o

680/o

680/o

630/o

630/o

42o/o

42o/o

260/o

21o/o

16Vo
11o/o
1 1 o / o

L
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THE NHEP BASE PROGRAM ANALYSIS
AND TECHN ICAL CHARACTERIZATION
The National Estuaries program requires a Base program Anal,ysr"s (BpA) of
existing local and state regulatory and maragement programs for protecting
estuanne resources. Gathering this background information was an essential
step for the NHEP in designing a iealistic and workable Management pl.an.
The NF{EP Base Program Analysis, Reguration and Management of New
Hampshire's Estuaries, evaluated the effectiveness of the existing framework,
and provided valuable insight for identifying prioriry issues and management
road-blocks.

The \Vater Qualrty; land use, Development, and*abitat protection; sheltfish
Resources; and Habitat Restoration chapters of the NI-mp Management plan
and the Action Plans each have a technical or scientific component taken
ftom A Technical Cbaracterization of Estuarine and Coastal Neut Hampshire,
and a regulatory arLd'management section derived from the BpA. The
Tecbnical Characterization is a deteiled review and analysis of current scien_
tific research and knowledge of New Hampshire,s esruaries, and is-the
source for most of the scientific and techniial information contained in this
Management PIan. Both the Base program Analysis and the Technical
Cbaracterizati.on are avaiable from the NFmp

The BPA found a reasonably strong,reguratory framework for naturar
resource protection of the estuaries, programs for shoreland and wetland
protecdon are sound, as a.re the point soqrce permit program and septic
regulations. Vhile regulations for living resource conseryation are adequate,
follow through is limited in some cases.

Most other regulatory programs rely on voluntary efforts and Best
Management Practices (BMps) to protect water quafity. The effectiveness of
this approach depends on BMFs keeping up with constant progress in treat-
ment technologies and scientific understanding. Non-point source and
stornwater controi BMps are currentiy being reviewed and updated.

The BPA identrfied several additionar regulatory and management shortcom-
ings. state stormwarer and erosion conft;t regurarions ,pply o",ty when areas
of 100,000 square feet or morc are disturbed (50,000 square feet in protected
shoreland). Shoreland regulations are complicated. Wetlands mitigation prac-
tices lack clarity. Protection for vemal pools and wetland drainages is limited.
NH Department of Tiansportation policy on site disturbances and stormwater
runoff is unclear. A limited number of communities have used local regula-
tions to address sbme of the state-level gaps, such as shoreland protection
and stormwater and erosion controls.

Regulatory enforcement and site-specific monitoring are also important estu-
arine management issues. For example, current septic system maintenance
and performance requiremenrs are often unenforceable due to the large
numbers of systems in each community. Enforcement of local regulations
and adequate on-site monitoring can be an administrative burden for voiun-
teeq part-time municipal officials.

NHEP MANACEMENT PLAN
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1 998 Shellfish Water Classifications
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Seabrook
Estuary
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Shellf ish Resources

shellfish in New Hampshire are limited to recreational harvest only, because
the state does not have a US Food & Drug Administration approved program
for commercial harvesting. Shelftish harvest is a popular recreational pursuit in
New Hampshire. However, oyster resources in the Great Bay Esn:ary have
declined in recent years. From 1991 to 1995 oyster densrry reductions in three
beds of recreational importance ranged from 420/o to 590/0. Other oyster beds
have iost significant bed acreage, especially in the oyster and Bellamy rivers.
Oyster harvests reflect these declines: a 1997 study estimated a total harvest of
5,000 bushels of oysters by L,000 license holders, but by 1997 the estimated
harvest had declined to 2,700 bushels by 66t harvesrers. predation, limited
availabrlity of suitable Iarvae-attacbrnent substrate, disease, harvest pressure,
and a variety of management issues are likely factors in these declines.

Sofuhell clam resources in the Hampton-seabrook Estuary are well document-
ed. Adult populations on three particula-r flats of the esnrary peaked in abun-
dance in the early-to-mid 1980s, then declined shalply through the late 1980s.
This decline was most likely due to intense recreational and illegal harvest
pressure.

After the flats were closed to harvesting in the late 1980s, adult clam densities
began to recover. conditional reopening of the flats to harvest n L994 appears
not to have significantly affected the resource. From 1990 to 1995 adult clam
densities quadrupled on the Middle Ground flar, while common Island densi-
ties remained essentially unchanged. clam densities in the Harnpton River
decreased by 5oq10. one suspected cause of this decrease is a lethal form of
Ieukemia in clams. Uttle information is available on the sofuhell clam resources
of the Great BZy Estuary and the Little Harbor-Back Channel area.

NHEP MANACEMENT PLAN



Tagged Striped Bass Catches

40
Total Fish Cauoht

J )

Wffi. Released
Iil rept

Finfish

A region-wide rnoratorium and subsequent harvest restrictions on striped bass
in the 1980s and 1990s have resulted in dramatic gains in the seasonal occur-
rence of stripers in New Hampshire waters. catches of both Iegal andunder-
sized sriped bass tagged by the U.S. Fish and \Tildlife Service have increased
steadily since 1988. Biologists and anglers generally confirm that fish of all
sizes have increased in abundance.

Recreational anglers have not enjoyed this same abundance with winter floun-
der. catch per unit effort dedined steadily from 19gg to 1993, rose briefly in
1994 and 1995, and then decreased again in 1996. Although juvenile fish
appear abundant in the estuaries, adult populations have declined due to
commercial harvest pressure in the Gulf of Maine. commercial landings of
winter flounder show a similar, steady decline.

Rainbow smelt catches have varied greatly at several locations in the Great
Bay Estuary - peaking in the late 19BOs; declining sharply in the early 1990s,
and increasing in the mid 1990s. From 1975 to 1996 spdng retums of river
herring (alewife and blueback) declined in the Exerer, Lamprey, and Taylor
rivers, but increased in the Oyster and Cocheco rivers.

Striped bass cought in
New Hampshire with U.5.

Fish ond Wildlife Service
togs: 1 988-96.
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Waterfowl and Shorebirds

The Seacoast is the principai win-
tering location for waterfowl in
New Harnpshire, with 750/o of the
state's overwintering waterfowl
found on Great Bay. State, federal,
and locally controlled reserves and
sanctuaries in the Great Bay area
provide over 5,300 acres of wet-
lands salt marsh and upland habi-
tat. As a result, Great Bay rs an
imponant destination for birders
interested in a variety of waterfowi
and shorebirds. Great Bay is also a
focus area for the Nortir American
\ff/aterfowl Management Plan. The
Great Bay National Estuarine
Research Reserve iists over 170

species by season and abundance on its checklist of the birds of Great
Bay. A recent mid-winter survey recorded mallards, black ducks, greater
and lesser scaup? goldeneye, br-ifflehead, red-breasted mergansers, and
Canada geese as the predominant waterfowl.

Salt Marsh

The 5,000-acre salt marsh of the Hampton-seabrook Estuary is the largest
contiguous salt marsh in the state. Tidal marshes of the Great Bay Esruary
total2,230 acres, With the most extensive salt marshes found aiong the
lower Piscataqua River, the squamscott River, and Great Bay itself. The
fringing marshes of the Great Bay Estuary wind along tidal shorelines
between the low tide line and adjacent upland areas, wherever the soils,
elevations, and tidal action are favorable.

Whimbrel

The Hampton-
Seabrook Estuory

z
I
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Nearly all salt marshes in New Hampshire were subjected to ditching and
draining at one time or another into the first half of this century, in attempts
to control mosquitoes or increase harvest of salt marsh hay. present salt marsh
acteage in the state is half of what it once was, with most of the Lost acreage
fiiled for residential and industrial development and road or rail construction.
Total salt marsh acreage has remained the same over the past decade.
However, past development of salt marshes and road and. ntlroad crossings
have restricted water circulation and adal flow within the remaining marshes.
These changes in the natural tidal flow tnve degraded salt marsh function,
with impacts including growth of invasive species such as purple loosestrife
and Pbragmites australis or common reed.

Recently a number of salt marshes in New Hampshire have been successfully
restored by re-establishing tidal flow and freshwater exchange. Most of these
projects have re-established tidal flow and exchange to marshes where tides
were restricted by undersized or damaged culverts, water control structures,
and/or berms of debris or dredge spoil. Recovery of marsh functions and
habitat has been rapid and successful. By 7999 the collaborarive efforts of
many different agencies and landowners had restored or enhanced over
430 acres of salt marsh in New Hampshire.

Eelgrass

Eelgrass beds or meadows form
subtidal and interridal seagrass habi-
tats which cover the greatest arca of
allhabitat types in the Great Bay
Estuary. Eelgrass habitats are impor_
tz.nt as breeding and nursery
grounds for finfish, shellfish, and
other invertebrates, and as feeding
grounds for many fish, invertebrates,
and birds. Eelgrass stabilizes bottom
sediments, and may also filter nutri-
ents, .suspended sediments, and con_
taminants from estuarine waters.

Eelgrass wasting disease (caused by
the mpromycete laburintbuta sp.)
was first recognized in Great Bay in the i940s. In the late 1980s wasting
disease caused dramatic eelgrass declines in the Great Bay Esnrary, arousing
great concern into the early 1990s. However, historical eelgrass beds have
made an impressive recovery of acreage and densiti.r, 

".rd 
new beds have

been observed in areas previously devoid of eelgrass. '$[hile 
overall the

resource is improving, recovery of lost eelgrass areas has been significantly
slower in Little Bay.

Eelgrass restoration efforts have been conducted at several sites in the Great
Bay Esn:ary, including Little Bay where beds killed by the wasring disease
have not recovered in over 10 years. Eelgrass restoration projects have aiso
been undertaken in Rye Harbor and the Piscataqua River adlacent to the State
Port Facility expansion.

NHEP MANACEMENT PLAN
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Recreational and Commercial Uses

Recreational Tourism and Boating

Tourism and recreation are important to the Seacoast aaorro-y. Tourism is
the region's second-largest industry, with over 1.50/o of jobs tourism-related.
Important recreational activities include boating, fishing and shellfishing,
satling, day cruises, and tours. Boating has grown in popularity since the
1980s, with over 8,500 boats registered for tidal waters in 7992. Annual
mooring permit sales grew dramatically in the 1980s and into early 1990s,
but have leveled off since the NH Port Authority implemented a harbor
management plan. Canoeing, rowing, kayaktng, and windsurfing are also
popular activities in the estuaries.
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Commercial Fishing

The American lobster is the most important commercially harvested species in
New Hampshire, yielding about $16 million annually. Lobsters migrate into
the esruaries during late spring, with some moving well into Great Bay during
the summer. Despite fishing pressure in estuarine and ocean areas from 300
Iobster fishers, landings remained relatively stable during the 1990s, averaging
almost 1.6 million pounds annually from 1992 to tg97.In 1996 a summer oil
spill and an October saliniry drop caused by a particularly heary rainfall event
(greater than 12 inches of rain in two days in some areas) had negative
impacts on lobsters, particularly those in traps at the time of the events.
Monalrty estimates are not avatlable, but slightly lower 1997 lobster catches
may be parrly due to these events

Iandings of cod and winter floundeq also importanr to New Hampshire's
commercial fishing fleer, consistently declined from 1992 to 1997. Spiny
dogfish, shrimp, sea urchin, and other species have gained importance to
the state's fiShing industry. Recent catch records suggest that these species
may also be succumbing to increased fuhitg pressure.
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WATER QUALTTY OBf ECTTVES

Goal #1: Ensure the New Hampshire's estuarine waters and tributaries will meet standards for pathogenic
bacteria including fecal coliform , E. coli, and Enterocci.

MANAGEMENT OBJECTIVES

Objective 1

Achieve water qualify in Great Bay and Hampron
Harbor that meets shellfish harvest standards (14 counts
of fecal coliformAOO rni) by 2010.

Objective 2

Minimize beach closures due to failure to meer warer
quality standards for tidal waters (Enterococci levels not
exceeding 104 counts/ 100 rnl. in any one sample).

Objective 3

Increase water bodies in the NH coastal watershed des_
ignated 'swimmable' by achieving state water qualrry
standards (8. coli leveis not exceeding 406 counts/100
ml in any one sample. For designated beaches, E. coti
should not exceed 88 counts/10O rnt.)

Objective 4

Reduce the number of known illicit connedtions in the
NH coastai watershed by 50o/o by 2010.

Objective 5

Achieve 50% reducrion of known illegal discharges into
Great Bay, Hampton Harbor and the ributaries bv
2070.

ACTION PLANS

wQ-r Prioritize and upgrade facilities to reduce bac-
terial pollution from hydraulic overloading of
wastewater treatrnent facilities. (High)

WQ-4A Establish ongoing training and supporr for
municipal personnel in monitoring storm
drarage systems for illicit connections.
(Highest)

WQ-48 Assist seacoast communities in completing
and maintaining maps of sewer and stormwa-
ter drainage infrastructure. (Highest)

SHL-2 Identify sources of and reduce or eliminate
contaminants in NH's estuarine watersheds.
(Hnonrv)

SHL 5 Reguiar$ collect and monitor water quality to
identify sources and reduce or eliminate con-
taminants. (Highest)

WQ-4C Eliminate illicit connections in seacoasr com-
munlies. (Highest)

WQ-5 Conduct shoreline surveys for poliution
sources. (Highest)

WQ-e Promote collaboration of state and local offi-
cials to locate and eliminate illegal discharges
into surface waters. (High)

WQ-7 Provide incentives to.fix or elimiate illegal
direct discharges such as grey.water pipes,
failing septic systems, and agricultural runoff.
(Highest)

WQ-8 Research the effectiveness of innovative
stormwater treatrnent technologies. (HighesD

WQ-l 3 Provide septic system maintenance informa-
tion directly to shoreline properq/ owners.
(Highest)

WQ-14 Encour.age the use of aitemarive
technologies for failing sepric systems. (High)
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Goal #2: Ensure the New Hampshir,e's estuarine waters, ttibutaries, sediments, and edible portions oJ fish, shellfish, other
aquatic life, and wildlife will meet standards for priority contaminants such as, metalq, PCBs, PAHs, and oil and grease.

MANAGEMENT OB'ECT|VES

Objective 1

Develop baseline of toxic impacts on ecoiogical and
human health by tracking toxic contaminants in water,
sediment, and indicator species: blue mussels
(Gulfwatch); tomcod, lobsters and winter flounder
(Coastal 2000).

Long-term: Reduce toxic contaminants levels in water,
sediment and indicator species so that no levels persist
or accumulate according to:

! FDA guideline ievels

I State v/ater standards in \tzs 1700

I Sediment levels below ER-M levels

(References for standards found in Appendix 3.)

ACTION PLANS

WQ-2 EvaJuate the suiability of IJV alternatives to
chlorine in wastewater post-treatment. (High)

WQ-4B Assist seacoast communities in completing

and maintaining maps of sewer and stornwa-
ter drilnage infrastructure. (Highest)

WQ-7 Provide incentives to fix or eliminate illegal
direct discharges such as grey water pipes,

failing seplic systems, and agricultural runoff
(Highest)

5HL-6 Periodically collect and monitor shelllish tis-
sue samples as appropnate for toxins and
biotoxins. (Highest)

WQ-l 1 Revise state industrial discharge permit criteria
in response to new processing technology
and re-evaluate existing permits. (Prioriry)

WQ-12A Acknowledge and support the oil spill pre-
vention and response activities of the

. Piscataqua River Cooperative. (Prioriry)

WQ-128 Enhance oil spitl clean up efforts through pre-
deployment inftastructure and development
of high-speed current barriers. (High)

WQ-15 Support efforts to reduce deposition of atmos-
pheric pollutants. (Priority)

A NHEP MANACEMENT PLAN



Goal #3: Ensure the New Hampshire's estuarine waters and tributaries will meet standards for orqanic and inoroanic nutri-enrs, sqecrficauy nitrosen, phosphorous, .r.'o'"pr,,yiin irr;;;;,;;;;;";;c;;l*,6rn1iil;;ilif,;u"o'ffi1

MANAGEMENT OBJECTIVES

Objective 1

Mat*atn inorganic nutrients, nitrogen, phosphorous
and chlorophyll a in GreatBay, Hampton Harbor and
their tributaries at 1998-2000 NERR baseline levels.

Objective 2

Maintarn organic nutrients in Great Bay, Hampton
Harbor and their tributaries at 7994_799G NERR base_
line levels.

Objective 3

Maintztrt dissolved oxygen leyels at:

>4 mg/L for tidal rivers

>6 mg/L for embalrments

(Great Bay and Little Bay)

> 7 mg/L for oceanic areas

(Hampton Harbor and Atlantic Coast)

Objective 4

Mainain NPDES permit levels for BOD at wasrewarer
facilities in the NH coastai watershed.

ACTION PLANS

\fQ-1 Evaluate \Tastewater Treatrnent Facility
impacts on esfuarine water quality and seek
practical options at the state level for second-
ary and tertiary or alternative treatments.
(High)

nfQ-5 Conduct shoreline surveys for pollution
sources. (Highest)

SfQ-6 Promote collaborarion of srate and local offi-
cials to locate and eliminate illegal discharges
into surface waters. (nign)

VQ-7 Provide incenrives to fix or eliminate illegal
direct discharges such as grey water pipes,
failing septic systems, and agricultural runoff.
(Highest)

\fQ-8 Research the effectiveness of innovadve
stormwater treatrnent technologies. (Highest)

\fQ-p Ensure water qualiry and quantiry impacts
from new development and redevelopment
are minimized at the planning board stage.
(High)

nfQ-10 Research, revise, publish and promote the
Stormwater Management and Erosion and
Sediment Control Handbooks for Urban and
Developing Areas. (Highest)

IfQ-11 Revise industrial discharge permit criteria in
response to new processing technology and
re-evaluate existing permits. (prioriry)

!fQ-15 Support efforts ro reduce deposition of armos-
pheric pollutants. (prioriry)

\-

J
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I WATER QUALtry

lean water is essential for
healthy estuaries. lfater is
the basic life-sustaining
element linking all the

characteristic features of New
Hampshire's estuarine environment.
EfforCs to improve water quality
drive the Action Plans developed to
address the priority problems
threatening the estuary. The NIIEp
focrrses on improving water qualrty
as the most effective way to attain
measurable environmental improve-
ments, and to communicate to
citizens and decision-makers the
need to protect all aspects of our
region's natural resources.
Improving and protecting esfuarine
water quality calls for correcting
current problems and pollution
sources, and for preventi.ng future
problems as New Hampshire's
Seacoast region continues to grow.

The mixing of ocean saltwater with
inland and coastal freshwaters cre-
ates the unique and highiy
productive conditions of the esuar-
ies. These special environmental
conditions are reflected in the richness of estuarine habitats. Estuaries play a
unique role as nurseries for living resources of not only the estuarine, but also
marine and upland ecosystems

Pollutants in New Hampshire's eshlaries include bacterial, toxic, and nutrient
contaminants from municipal and industrial wastewater treatment facilities,
seplic systems, sediments, fertilizers, other runoff, plus oil spilis and contami-
nated sites in the watersheds. Current and funrre sources of contamination
must be reduced and prevented. Most of these water quahty problems are
directly related to human activities.

NHEP MANACEMENT PLAN
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WHY IT MATTERS
Clean water is essential to the ichvaiety of unique habitats and diverse plant
and animal communities found in New Hampshire's estuaries. Clean water is
also vital for many human activities at the heart of the Seacoast economy and
culnual traditions. Groundwater, precipitation, wetlands, and surface waters of
the rivers, lakes, streafirs, and the Gulf of Matne of the Atlantic Ocean al1
affect water quality in the estuaries, reflecting the complexity and intercon-
nected nature of estr,rarine systems. Human activities and nanyal processes
influencing any of these water sources ultimately influence the water quallty
of the estuaries.

The priority w^ter qualiry contaminants 
1 

New Hampshire's estuaries are:

I Pathogenic microorganisms (fecal-borne bacteria and viruses) from
improperly treated ses/age, urban storm$/ater runoff, and other
non-point sources;

I Nutrients from sewage treatment plants and non-point sources such
as tributaries, surface runoff, septic systerns, atrnospheric deposition,
etc.;

I Toxic contaminants (organic chemicais and heavy metals, from oil,
solvents, pesticides) fiom historic industrial sources and from cur-
rent industrial and municipal wastewater and atmospheric deposits;

I Sediments from upland watersheds or rivers carried into the estuar-
ies by runoff.

THE CHALLENGE
Pollution abatement efforts in New Hampshire's estuaries began in the 1940s,
and continue today. Much progress was made through the 1970s and 1980s
and into the 1990s, with the installarion and upgrading of municipal wasre-
water treatment systems. Water quality and habitat areas have recovered
significantly. Bacterial contamination has been decreasing in the last decade in
most of the state's coastal areas,Iargely due to upgraded wastewater treatrnent
facilities (\ru7TFs).

But pollution problems remain and continuing vigilance and planning is need-
ed to protect estuadne water qualtty from the pressures of population growth
and development. Treatment plant hydraulic overloading inciuding pump sta-
Lion overflows and bypasses, combined sewer overflows (CSOs), and illicit
connections to storrn sewers all contribute human sanitary waste to estuarine
wate6. The shellfish beds are dosed when treatment plants fail, pump sta-
lions overflow, and CSOs discharge. Non-point sources of pollutants also
increase with added development. Cbapter 5: Innd Use, Deueloprnent, and
Habitat Protection addresses non-point source pollution through actions to
limit impervious cover and sprawl, and to protect tidal and freshwater wet-
lands, groundwater, and shorelands.

wtrile there are no grossly contaminated areas, all New Hampshire estuarine
waters are subject to bacterial contamination for some time each year.
Fecal coliform bacteria are measured as indicators of sewage contamination,
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to warn of threats ro public health
and safety. People can become ill
from' eating conaminated shellfish
or from contact with water polluted
with pathogenic microorganisms.
Concentrations of these indicator
bactern are generally quite low
tlroughout the estuaries, and estuar-
ine water qualrty supports most uses
in most areas. Still, contaminants
persist in all esruarine waters and at
levels - especially during or after
ranfall or snowmelt runoff events -
that require limiting uses such as
sheilfish harvesting ro protect
human health. Stormwater runoff
carries pollutants into estuarine
waters from combined sewe.r over-
flows, impervious areas like
roadways, parking lots and roofs,
ineffective septic systerns, vessel dis-
charge, pet waste, and possibly
waterfowl.

Heavy metals and toxic
compounds are also found
throughout the estuaries, with
higher levels concentrated around
Seavey Island and the portsmouth
Naval Shipyard and orher hot spots
including Rye Harbor, Much of
the toxic contamination in New
Hampshire's estuaries is the legacy
of historic industrial activities in the

BACTERIAL CONTAM I NATION
A three-year study of how storm events affect water quality
in the tribuaries of the GreatBay Esnrary confirmed urban
runoff as a source of contamination. Fecal coliform bacteria
are monitored. zs an indicator of pathogenic microorganisms.
Concentrations are generaliy quite low in many ateasl 4t a
level of water quality that supports most uses. However, ele-
vated concentrations of fecal coliforms were detected in all
areas following ninfalT events. Stormwater bacterial contami-
nation of the Great Bay Esn-rary is well documented, and
efforts continue to identify the sources. Recent studies found
rnany sources of stormwater contamination in coastal New
Hampshire towns - including stormwater drains, sewer
pipes, stormwater treatment systems, and animal feces.

Evidence suggests these sources are prime suspects:

I Runoff from impervious areas

I Illicit connections

I \fastewater treatment system overflows

I Faulty septic systems

I Vessel discharges

'l 
'$Taterfowl 

andlarge bird populations
such as pigeons and starlings

Rainfall-related contamination causes closure of shellfish
beds to harvesting, as discussed n Chapter 6: SbellfLsb
Resources. Potential sources of bacterial contamination near
and within New Hampshire's shellfish v/aters include waste-
water treatrnent facilities effluent, stormdrains, parking lots,
roadways, snow dump sites, etc.

Fecal Coliform in Tidal Water

Fecal coliforms/l00 ml

E Wet Weather

mffi Dry Weather

Ceometric mean fecal
coliforms in tidol water,

collected during dry
weather ond storm events
in tributaries to the Great

Bay Estuary: 1993-96.

Suspected sources of high
wet weother counts in the

Cocheco Rlver are illicit
connections and leoking

sewer pipes.64
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EXCESS NUTRIENTS
Nitrogen is a naturaily occurring nutrient essential for plant and algae growth.
Howeveq too much nitrogen can ultimately reduce water oxygen levels, with
potentially catastrophic consequences for many estuarine creafures. Nutrients in
the estuaries come from r:al;r:al sources such as watershed sediments, wildlife,
organic debris (leaves and other vegetarion), and groundwateq as well as from
point and non-point sources caused by human activiry, including atmospheric
deposition from power plants, etc. Nitrogen and phosphorus are rhe two most
impofiant nutrients in terms of pollution since they usually have the most impact
in aquatic ecosystems. Nitrogen is generaily believed to be the nutrient of greatest
concem in estuarine and marine waters, although phosphorus has been identified
as primary nuffient concern in some situations.

Point sources - primarily municipal and industrial wastewater treatment plants -
contribute 470/o of nutrienr pollutants to the esruaries. Nearly hatf (480/o) of the
nutrient loading to Great Bay comes from non-point sources, including urban
runoff, stormwater conduits, on-site wastewater treatment (septic) systerns,
lawn fertilizers, agricultural runoff, and waterfowl and other natural processes.
Atmospheric deposition of nitrogenous compounds from the buming of fossil
fuels accounts for the remaining l\o/0. water contaminalion from atmospheric
deposition is not easily managed. But while non-point sources include nutrients
from natural sources, all point source pollution is caused by human activi,ty, and
can be managed. Loading from point sources becomes more important for plan-
ning for future development and nutrient reduction.

Less is known about nutrient loading in the Hampton-seabrook Estuary wtrile
point sources and non-point sources of nutrients exist around the Hampton-
seabrook Estuary, the problems associated with nutrient loading are minimized
because 8@/o of the water in the estuary is exchanged with thq ocean with each
tide cycle.

Excess nitrogen in water can stimulate rapid, unchecked growth of algae arid
plants, potentially resulting in eutrophication. !7hen such blooms die, their
decomposition depletes oxygen in the water, suffocating shellfish and other
marine life. All New Hampshire estuaries and their tributaries are subject to nutri-
ent loading, but nutrien! concentrations in Great Bay have been largely stable over
the last 20 years. No widespread eutrophication has been observed. Isolated inci-
dents of reduced oxygen and phytoplankton (tiny plants that float in water)
blooms have occurred in some of the freshwater tributaries of Great Bay - in
the impoundments behind the dams at rhe head of the tide on the salmon Falls,
cocheco, oyster, and lamprey Rivers - and in portsmouth's Norttr Mill and South
Mill Ponds.

EPA-New England, local watershed groups such as the Lamprey River'watershed
Association, and the states of Maine and New Hampshire have documented
evidence of eutrophication, parlicular$ from point sources, in certain river seg-
ments. Total maximum daily load (TMDL) studies of the salmon Falls River, the
Lamprey River below the Epping treatrnent plant, and the cocheco River below
the Rochester treatrnent plant have resulted in upgrades to tertiary treatment for
the Epping and Rochester'w!7TFs. Five salmon Falls River poinr sources will
likely have tighter nutrienr limits in their reissued NPDES permirs
'v/hile 

eutrophication and related impacts do not appearto be imminent problems,
sources of nutrient conaminants (wastewater treatrnent effluenq lawn feftilizers,
septic systems, and runoff from impervious surfaces) will increase with further
population growth and development.
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wate$hed. other documented sources include oil spills, municipal waste
discharges, defense facilities and superfund sites, stormwater runoff, and
groundwater contaminated by hazardous wastes. Numerous oil spills have,
to varying extents, adversely affected esntarine life and habitats. Elevated tis-
sue concentrations of toxic contaminants in lobster tomalley, bluefish, and
other living resources have caused human consumption advisories, and raise
awarning for the whole estuarine system. Toxic levels in sediments are a
continuing concern requiring monitoring and risk assessment for activities 

I

such as dredging or construction.

Nutrients are continually added to New Hampshire's coastal waters from both
natxal and human sources. Although nutrient loading occurs in all New
Hampshire estuaries and tributaries, no significant change in the nutrient levels
of Great Bay has occurred over the Last 20 years. No widespread eutrophica-
tion-the process by which excess nutrients stimulate excessive algae and plant
growth that can deplete oxygen and kili marine life when it decomposes - has
been observed. However, intense phytoprankton blooms and reduced oxygen
concentrations have occurred as isolated local events in the Great Bay Estuary.

Eutrophication and related impacrs do not appearto be imminent threats, but
as population and development increase so will sources of nutrient contami-
nation from wastewater treatment facilities, septic systems, lawn fertilizer
runoff, runoff from impervious surfaces, and air deposition. The cumulative
impacts of these sources could evenn:ally cause nutrient-related problems in
the esn:aries if current waste fteatment technologies and land use plans and
regulations continue unchanged. sfiwrFs are the major source of nitrogen and
phosphorus. Strategies to reduce nutrient loading and bacterial contamination
from'w\ZTFs are needed to protect water quality in the estuaries, but these
will be expensive.

\fater qualrty problems are often the result of large numbers of people in and
around the escuaries. People have been and must continue to be part of the
solution as well. outreach and education effor[s are the key to many of the
actions planned to improve water qualrty in New Hampshire's estuaries. Many
opporunities exist for Seacoast residents to participate in this plan- as home-
owners, landowners, business owners and managers, as citizens and taxpayers,
as community leaders, municipal and state agency staffers, and volunteers.

Sources of Nitrogen Loading to the Great Bay Estuary

Direct Atmospheric
Deposition Total

Total
Non-point
Source
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Wastewater Treatment Systems

Despite significant lmprovements in recent decades, Seacoast \7vrFs stil1 do
not meet their required treatment standards 100/o of the time. Factors affecting
plant perfoilnance include storm events, waste stream changes, equipment
breakdowns, and operator error. The mosi severe incidences of bacterial
contamination follow rainfall runoff events and treatment process upse6 ar
WWTFs. Vtrile dranr.ttrc reducdon in fecal coliform counts has occurred in
tidal rivers like the Squamscott since j.950 due to upgrades required by federal
legislation, water quality sampling throughout the Great Bay Eswary tracks a
pattern of elevated counts coming from urban runoff and'vz!7'TFs. Both rou-
tine and storm-related effluent nutrient contribution varies with indMdual
\x/vrrFs. Based on total nitrogen concentrations measured in effluent and

Total coliforms
(colonies/l00 ml) in the
Exeter/Squamscott ond
Salmon Folls rivers

Total Coliforms I 960 -'1996

20000

1 5000

1 0000

5000

0
1960 1975 1996

average effluent volume reported by the plants, the largest nitrogen contribu-
tions to the Great Bay Esnrary are, in descending ordeq the portsmouth,
Rochester, Dover, Exeter, Berwick, and Kiffery nfr$/TFs.

TMWTFs are not the only part of municipal treatment systems that cancause
pollution problems. The Seacoast region was the first area of settlement in
New Hampshire, and some of the infrastructure in the older cities and towns
is old and difficult to replace or maintain. Leaking sewer pipes are suspected
in most urban communities. sewer system maintenance and keeping stornwa-
ter and sewage separated are critical to water quality. In addition, projected
growth in the region will require increased capacity at some facilities.

Stormwater poses difficulties for several municipal sewage trealment systems
in the region. '$7hen 

overburdened by stormwater, facilities bypass pumping
stations and discharge inadequately treated sewage directly into tidal q.aters.
Combined sewer overflows (CSos) have been gradually eliminated from
several seacoast communities. The two remaining csos in poitsmouth
are significant sources of bacterial contamination to Little and portsmouth'
Harbors. Exeter's one remaining cso is responsible for contaminated water
draining into the squamscon River. Eliminating these last csos will be
expensive, but would end their storm-related major releases of bacteria

Squamscott River

- Salmon Falls River
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and nurrienrs inro tidal waters.In 1999, Exerer appropriated $1.7 million to
address rheir CSO problem by 2000.

stormwater drain systems in several seacoast towns contain high concen-
trations of fecal contaminants, even in dry weather, suggesting leaks from
sewer pipes or illicit connections of sewage discharging into the storm
drains. Many illicit connections have recently been identified and
eliminated in Dover and Newmarket.

Stormwater

stormwater runoff is water from rainfall and snowmelt that runs aiong the
surface of the ground. In an undisturbed natural setting, plant cover slows
the movement of stormwater, allowing more time for the water to soak
in. Plant roots and organic matter also help absorb and hold water. Thus
vegetation allows the soil to act as a flatural filter for contaminants. and
for plants to take up and use nutrients carried in the water, slowing the
passage of stormwater also reduces its ability to erode soils and deposit
them as sediments in surface waters.

stormwater runoff carries a vai'etry of pollutants. Amounts and types depend
on the nature of the precipitation and the surfaces over which the water
flows. Building and development replaces naturaily vegetated land with hard,
impervious surfaces - roads, pavement, roofs, etc. - that cause stormwater
frol larse areas to flow and collect swiftly, accumulating contaminants before
it discharges into storm drains and surface waters. This results in increased
erosion, flooding, and water pollution. The faster v/ater moves, the more soii
is eroded and carried into surface waters as sedirnent. As more impervious
surface covers the landscape, iess rainfall is absorbed. Loss of,open land
reduces buffering of wetlands and surface waters, increasing flooakg prob-
lems' Stormwater picks up and carries contaminants from vehicles, fertilizers
and pesticides, sewers, atmospheric deposition, pets, and industrial and com-
mercial sites, often delivering them directly to nearby surfa'ce waters.

stomwater runoff contaminates New Hampshire's estuarine waters with path-
ogenic bacteria and viruses, nutrients, sediment, trace metals and other toxins.
Runoff from impervious surfaces is a significant source of both trace metal
and toxic organic contaminants. Runoff resulting from rainfall and snowmelt
events in urban and urbanizing areas is the most cornmon source of bacterial
contarnination in New Hampshire estuaries. This is due to a combination of
inflow and infiltration to sewer pipes, overloaded wastewater treatment plants
and combined sewer overflows (CSOs), and non_point source runoff
rwater from rains or melting snow washes contaminants from roadways,
parking lots and other paved surfaces, rooftops, construction sites, fertitizea
lawns, farms, and faulty septic systems into drains, ditches, and tributaries of
the estuaries. contamination from these kinds of diffuse sources is cailed
non-point source pollution. \[hile the U.s. EpA estimates 60o/o of surface
v/ater pollution nationally is non-point related, non-point sources are esti-
mated to contribute 48% of the annual nutrient load to Great Bay. point
sources - primariiy municipal wastewater treatment plants - contribut e 410/0.
continued population growth and development in the coastal region will
add more impervious surfaces - paved ateas, buildings, etc. - potentially
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causing more stormwater-related pollution, as weil as adding pressure to
WTTTFs and sanrtary sewer systems.

Stormwater also poses significant problems for municipal sanitary sewer
systems. Often stormwater infiltrates old sanitary sewer systems, overburden-
ing pipes, pumping stations, and wastewater tre tment facilities. To avoid

damage to the system, operators
discharge the excess raw seq/age
and stormwater volume without
treatment. These discharges are
referred to as Combined Sewer
Overflows or CSOs.

Other Direct Discharges

in addition to the 18 New
Hampshire and three Maine
'WrWTFs, a number of industrial
and other plants hold National
Pollutant Discharge Elimination
System (NPDES) permirs for dis-
charges into New Hampshire's
tidal waters. Industrial discharge
permits include 1L facilities in New
Hampshire and three in Maine, two
power plants that discharge into
the Piscataqua River and Seabrook
Station (a nuclear power piant)
which discharges into the Atlantic
Ocean. and three water treatment
plants in the Great Bay Estuary.

Shoreline sunieys continue to
reveal illegal direct sewage dis-
charges in many areas. Remaining
small illegal sewage discharges may
be contributing to the high bacterial
counts found in many tributaries
of the tidal rivers and bays.

Septic Systems

Many shoreline areas in the more
rural and suburban areas around

the estuaries and their tributaries are stiil served by septic systems. Srudies
in seabrook show that septic systems have the potential to conraminate
tidal waters when the systems are located close to shore, especially in more
densely populated areas with high water tables and coarse, excessively
well-drained soils. sbabrook has nearly finished connecting all homes and
businesses to their new sewer system. But septic systems are stili common
along much of the state's tidal shorelines, and failing, poorly maintained,
or inadequate systems are a problem.
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REGULATORY AND MANAGEMENT PROGRAMS
Non-point Source pollut ion

Non-point source pollution is alr poliution that does not come from a single
source or prp€ and may be difficult to locate. Much non-point source pollu-
tion results from stormwater runoff. Federal control of non-point source
pollution stems from the clean'water Act and coastal zone Management Act,
and focuses on non-regulatory approaches. Amendments to the clean'szater
Act in 1987 required states to develop non-point source managemeff pro-
grams in order to receive Clean Water Act Section 319 funds.

The 7990 reauthorization of the coastal zone Managemenr Act (czMe)
required stztes receiving czM|funds to develop coastal non-point solrce
prograrns. The federal govemment has approved New Hampshire,s program
with certain conditions.

clean $flarer Act section 303 (d) and its implementing reguiations require
states to list water segments that are impaired - defined as out of compliance
with a srater quality goal or designated use such as swimming or fishing, even
after targeted pollution control practices have been implemented to address
the problem. The 303 (d) listed waters affecting the New Hampshire estuaries
arc part of the cocheco River and the salmon Fails River downstream of
Somersworrh. rffarer bodies on the 303 (d) list are given priority for Section
319 funding to address non-point sources. In December 1999 EpA proposed
to appiy total rnaximum daily load (TMDL) reduction targets to non_point
sources in 303 (d) listed water segments. This approach is abeady in effect
for point sources in 303 (d) waters.

New Hampshire's state non-point source programs are coordinatedby a
steering committee that includes all state, federal, and local agencies with
responsibilities related to non-point sources. NH Depaitment of Environmental
services'water Division is the lead agency, with additional programs under.
the NH Department of Agriculture, Markets and Food and the NH Department
of Resource and Economic Development's Division of Forests and Lands.
The NH office of state planning, Regional planning commissions, and
conservation Districrs all help municipalities plan for prorection against
development-related runoff problems.

New Hampshire's non-point source programs have recently been revised to
focus on priority watemheds, including the coastal watershed (the NFIEp,s
study area)' New Hampshire's Coastal Non-point Pollution Control program is
coordinated with the state's clean \fater Act Non-point source program. NH
DES provides financial and technical assistance in addressing the impacts of
urban development, septic systerns, agriculture, forestry, roads, marinas and
boating, hydromodification, and wetlands. The twnp uanagement pr.anis
closely linked with the Non-point Souce program because both programs
share objectives.

r,ocal govemments have authority to establish zoning ordinances and devel-
opment regulations that can give them subsantial control over non-point
source poilution. ziaring, subdivision regulatrons, and site plan review may
include requirements for stormwater and erosion control, septic design, siting,
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and installation. These planning tools rnay address prohibited land uses, open
space requirements, and more. Many towns in the estuarine area use the site
plan review process to address post-construction stormwater management.

Zontng overlays may help protect shoreline habitats, wetiands, and other
important natural resources from development. Municipalities can also acquke
open space lands or conservation easements to protect estuaries and other
surface waters or habitats.

The effectiveness of rmplementauon and enforcement of local regulations
varies from town to town in the estuarine watersheds. Alone or in combina-
tion, these municipal measures contribute to the control and. abatement of
non-point source poliution provided they are effectively implemented and
enforced. All municipaiities within NHEP zone A have established zoning,
subdivision, and site plan review processes. The NFIEp Base program Analysis
found that local natural resource protection regulations and the implementa-
tion and enforcement of local regulations vary widely among the towns, often
due to community size and staffing differences. Local land use control and its
enforcement was found to be a vital link ln ttre orotection of New
Hampshire's estuaries.

Point Source Pollution

Pollution that is discharged from the end of a pipe or a single readily identifi-
able source is called point source pollu.tion. This type of pollution includes
discharges from industrial and municipal wastewater treatrnent facilities
(\r$?'TFs), and other soruces such as drairnge ditches. These highly visible
sources were the first ones addressed by the clean \rater Act, with dramatic
results. However, point source problems persist.

At the Federal level, the u.s. Environmental protection Agenry (EpA)
reguiates point source discharges through the National pollutant Discharge
Elimination System (MDES) established under the Clean \fater Act.'v?'astewater 

discharges from all sources require a NpDES permit. The
NPDES permit limits the quantiry and concentration of pollutants

A NHEP MANACEMENT PLAN



NHEP MANAGEMENT PLAN



A

discharged. specific requirements depend on the water receiving the efflu-
ent, the type of discharge; and may invoive best available technolo gy aod
economic feasibility considerations.

Cefiain municipal stormwater systerns and industrial and construction sites
currently require NPDES permits. under phase II of EpA's NPDES stormwater
management regulations, cerlain additional stormwater systems that drain into,
or are collected by ditches, pipes, or other conveyances before discharging
into surface waters, will require NPDES permits by March 2003. under the
current Phase I regulations, construction sites that disturb five or more acres
require a NPDES permit, but tbrat threshold drops to one acre under Phase II.

In Phase I, EPA required medium and.Iarge municipal separate storrn sewer
system (MS4) operators - generally those serving areas with populatioru of
L00,000 or more - to obtain permits. \7hiie no such MS4s are located in New
Hampshire, dischargers of stormwater discharges associated with industrial
activity were also required to apply for permits in phase L These industrial
sources generally include heavy and light manufacturing facilities,
lnzardous/solid waste processing, rerycling facilities including junkyards, min-
ing, timber processing, power plants, vehicle maintenance, sewage/sludge
treatment plants, and construction activities that disturb more than 5 acres.

Phase Ii will regulate small MS4 discharges in urban areas locate d n 26
municipalities in New Hampshire, stormwater discharge associated with small-
er-asea construction activity, and the municipally owned industrial activities
that were exempted from regulation during phase I. small municipal separate
storm sewer system (Small MS4) owners and operators in the following New
Hampshire seacoast municipalities will be required to apply for NpDES permit
coverage under Phase rI: Dover, Durham, Madbury, New castle, Newington,
Portsmouth, Rochester, Rollinsford, Rye, and Somersworth.

As with all NPDES permits in New Hampshire, NH DES will review and cenify
Phase II NPDES permir applications. The NH osp is lead agency of a working
grouP recently formed to prepare for the technical assistance communities will
need when they begin to address phase Ii compliance. participants include
some of the Phase Ii communities, NH osp/coastal program, NH DES, and
NH DOT.

Each NPDES permit requires periodic monitoring and reporring of discharges
to EPA and the state. Most seacoast NPDES permit-holders are on a monthly
reporting schedule, NH Department of Environmental Services inspects per-
mitted sites in the seacoast ate at least annually. In the seacoast, whenever
sewage that has not been treated or disinfected is released the operator must
notify EPA, NH DES, and all public or privately-owned water systems drawing
qrater from the same receiving water and located within 20 rniles downstream
of the point of discharge, EpA can enforce NPDES requirements qrith a lzrnge
of compliance orders and civil and criminal penalties up to $25,000 a day and
imprisonment. Enforcement actions in response to significant non-compliance
and certain by-pass or overflow situations are coordinated betvreen EPA and
NH DES.

clean \(ater Act Section 303 (d) and its implementing regulations require
states to list water segments that are impaired - defined as out of compliance
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with a water qualrty goal or desig-
nated use such as swunming or
fishing, even after targeted pollution
control practices have been imple-
mented to address the problem. The
Clean \[/ater Act requires that the list
include prionty ranking of segments
most in need of total maximum
datly load (TMDL) analysis. The
TMDL defines the maximum amount
of a specific pollutant that can be
discharged into a body of w^Ler
without violating the water quality
goals for that water. MDES permits
and state wastewater discharge
licenses are written in accordance
with TMDI allocalions for the spe-
cific water body and source. permits

for five dischargers into the Salmon
FaLls/Piscataqua rivers in New
Hampshire and Maine are currently
being developed in accordance with
the TMDL for that water. TMDLs are
also being developed or implement-
ed for the Cocheco River in
Rochester.

The Clean \ffater Act requires each
state to establish water quality stan-
dards based on water uses and
criteria for specific contaminants that
are necessary to protect those uses.
New Hampshire has esrablished
these standards under the state's
'Water 

Pollution and Ifaste Disposal
Act (RSA 485-A). NPDES permirs
establish limits to protect these stan-
dards, and require consideration of
U.S. Fish & \Tildlife Service com-
ments, in accord with the Fish and
$7ildlife Coordination Acl The
Coastal Zone Management Act also
requires that federal actions be con-
sistent with state coastal Zone Management plans. under this provision,
New Hampshire requiremehts were incorporated into several federal projects
including a hydroelectric facility in south Berwick, Maine and the new inter-
state gas pipeline which runs through the New Hampshire Seacoast.

NH RSA 485-A makes it unlawful to discharge sewage, industrial, or other
wastes in a way that degrades water quality below classification criteria. NH
DES can require any person who causes a body of water to be degraded
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below the standards of its classification to correct the problem. New
Hampshire's standards for bacteria are consistent with the stringent
guidelines of the us Food and Drug Administration's Narionai shelifish
sanitation Program for permitted discharges to tidal waters from waste-
watet treatment facilities.

Discharge permits must go through both sate and. federal review. In practice,
permittees have two permits, one federal and one state, wirh EpA incorporat-
tng any additional New Hampshire conditions into its permits, and New
Ilampshire adopring the federal NPDES permits as its own.

rocar governments have.no direct involvement in the NPDES regalatory
control for point source discharges. They may comment on NpDEs permit
appiications as part of the public comment process. The local role in
pollution discharges is primariiy the management of wastewater treatment
facilities and stormwater collection systems, and regulations and ordinances
to reduce non-point sources that impact stofmwater runoff. Municipalities
aiso have some control over industries that discharge into municipal waste-
water treatment systems, through their pretreatrnent programs.

GOALS FOR CLEANER WATER
To achieve cleaner water in the estuaries, the NHEp established specific goals
and objectives with measurable, science-based standards. Refer to Appendix J
of the Plan for the specific standards for the warer quaricy goals and objec-
tives. Action P1ans for water quality detail how specific sources of pollution
wiil be identified and eliminated or reduced to meet these soals:

Ensure that New Hampshire's estuarine waters and tributaries will
meet standards for pathogenic bacteria including fecal coliform,
E. coli, Enterococci, and total coliforms.

Ensure that New Hampshire's estuarine waters, tributaries,
sediments, and edible portions of fish, shellfish, other aquatic
life, and wildlife will meet standards for metals, pCBs, oil and
grease, PAHs, and other toxic contaminanrs.

Ensure that New Hampshire,s estuarine waters and. tributaries
will meet standards for organic and inorganic nutrients, specifically
nitrogen, phosphorus, chlorophyll A (freshwater), dissolved
oxygen, and biological oxygen demand (BOD).

Engage the active participation of communities, government
agencies, organizations, and individuals in achieving the goals
for water quality.

E

I

I

I
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WATER QUALIry
ACTION PLANS

appropriate.
/ ,  1 1
A - L  T

\7Q-2 Evaluare the suitability of w arternarives to ch.lorine in
wasrewater post-ffeatrnent for the seacoast coiftnunities. 4_2a

vQ-: Prioritize and then upgrade seacoast wastewater treatment

Wastewater Treatment Facilities
\rQ-1 Evaluate how wastewater Treatrnent Facility effluent affects

estuarine water quality, and seek practical0ptions at the state
level for secondary and terttary or alternative treatment where

facilities to reduce bacterial pollution from hydrauric
overloading.

l f l icit Connections in Urban Areas
srQ-4A Establish on-going training and support for municipar

personnel in monitoring storm drainage systems for
illicit connections.

's7Q-48 Assist seacoast communities in compreting and main-
taining maps of sewer and stormwater drainage
infrastructure systems.

srQ-4c Eliminate ilricit connections in seacoast communities.

4-23

4-26

4-28
4-11

l l legal Direct Discharges
\fQ-; Conduct shoreline suryeys for pollution sources. 4_33
srQ-6 Promote colraboration of state and locar officiars

(conservation commissions, health officers, building
inspectors, et ar.) to rocate and eliminate irlegal discharges
into surface waters. 4_36

srQ-7 Provide incenrives to fix or eliminate ilegal direct
discharges such as grey warer pipes, failiig septic
systems, and agricultural runoff. 4-38

Stormwater
srQ-B Research the effectiveness of innovative stormwater

treatrnent technologies for existing urban areas in New
Hampshire, and communicate the results. +40

$rQ-P Ensure that water quality and quantity impacts from new
development or redevelopmeni are minimized to the maximum
extent practicai at the planning board stage of developme nt. 4_43
Research the use and effectiveness of the Stormwater
Management and Erosion and Sediment Control Handbook
for Urban and Developing Areas in New Hampshire.
Revise, publish, and promote the Handbook. 4_45

wQ-10
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Permitted Discharges
\fQ-11 Revise industrial discharge permit criteria in response to new

state processing technology, and re-evaluate existing permits. 447

Oil Spil ls
\rQ-12A

\7Q-128

Water Quality Funding
SfQ-16 Find funding sources for key strategies.

Water Quality Outreach
WQ-17 Coordinate public tours of wastewater Eeatment facilities.
$(iQ-18 Support and Coordinate Srormwater Technical S7orkshops.
\rQ-19 Stormwater Awareness: Support and expand stormdrain

stenciling programs.

!fQ-20 Conduct estuarine field dav for municioal officials.

4-59

4-67
+64

4-66
4-OE

Highest

High

Priority

Acknowledge and support the oil spill prevention and
response activities of the Piscataqua River Cooperatwe. 449

Enhance oil spiil clean up efforu through pre-deployment
infrastructure and development of high-speed current barriers. +5L

Septic Systems
nfQ-13 Provide septic system maintenance.information directly to

shoreline property owners, and to other cilizens of the Great
Bay and coastal watercheds to help improve warer quality. 4-53

!fQ-14 Encourage the use of innovative alternative technologies for
failing septic systems to help improve warer qualrty. 4-55

Air Quality
\fQ-15 Support efforts to reduce deposition of atmospheric pollutants

through eliminating loopholes in curr.ent laws, encouraging
the construction of more efficient power plants, and
encouraging energy conservation. 4-57
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P R I O R I T Y

ACTTON WQ-l

Evaluate how Wastewater Treatment Facility effluent affects estuarine
water quality, and seek practical options at the state level for secondary
and tertiary or alternative treatment where appropriate.

BACKGROUND
Direct discharges from lvastewater Treatment Facilities (xr\rTFs) are in some
cases contributing or major sources of suspended solids and nutrients into
surface waters of the state. These pollucants canlead, to aquatic nuisance
plant infestation and increased incidence of reduced-oxygen concenfations,
which can result in habitat degradation, aquatic fauna mortality, algae
blooms and eutrophication, and changes to plant and. animal communities.
These environmental impacts wat'ant consideration and examination of
advanced or alternative wastewater-treatment technologies.

Currently coastal communities evaluate wastewater treatment facilities and
infrastrucnrre through the 201 Faciliry plans, as required by the EpA. local
officials and operators use these plans in long-term ptanning for upgrading
facilities. compliance with permit limits varies, but generally coastal *"rt.-
water plants meet most or all of their wastewater effluent limits most of the
time. Hydraulic overloading is a cornmon occurrence that results in untreat-
ed wastewater discharges. Except for portsmouth, all seacoast wastewater
treatment facilities employ secondary treatrnent. The portsmouth facility uses
advanced primary treatment, a technology using sand filters to treat effluent.

Although the iimited available nutrient data show that nutrients are not ar
critical levels in most areas of the esnrarine systems, EpA, the states of Maine
and New Hampshire, and local watershed groups such as the Lamprey River
watershed Association have documented evidence of eutrophication, espe-
cially from point sources, particularly at the heads of the tides in the salmon
Falls and cocheco Rivers. careful survey of the present effects on flora and
fauna is an important part of planning for faciliry upgrades.

ACTIONS/ACTIVITIES
n
I mn DES will hire a contractor to identifii \f\fTF d^ischarges that are

probable or potential causes of nutrients and suspended solids impacts
throughout New Hampshire's estuaries and tributary rivers. Municipal
wastewater plants discharging to tidal waters include: Dover, Durham,
Exeter, Hampton, Newfields, Newington, Newmarket, portsmouth, and
seabrook. Review National pollutant Discharge Elimination system
(NPDES) permits and analyses, and the New Hampshire Estuaries
Technical Characterization report

n
I rhe contractor will conduct biological assessments and look for data

gaps in the chemical analyses and biological assessments of surface
waters in the potential impact zone. After finding data gaps, conduct
follow up wer-wearher and dry-weather samprin! and analyses. \c'wrF
effluent should be isolated to the extent possible from other point and
non-point sources.

NHEP MANAGEMENT PLAN
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a
5 Each wasrewater treatrnent plant determined to be negatively affecting

water qualrty or biological cornmunities will be evaluated by the contractor
for design constraints and capacitses. This will be the best point to evalu-
ate appropriate upgrade needs for secondary, terttary, and/or altemative
treatment.

Secondary treatrnent should achieve removal of B5o/o suspended soiids and
85% Biological Oxygen Demand (BOD). Secondary rreatmenr methods
may include activated sludge aeration, trickling filters, sequencing batch
reactors, and rotzting biological contacto$.

TerLtary treatrnent usually aims to remove nutrients such as phosphorus
and nitrogen. Phosphorus removal options are ion exchange, sorption, or
coprecipitation. Nitrogen removal processes include ammonia stripping
and nitrification/denitrification. A new and promising approach is biologi-
cal nutrient removal.

Constructed wetlands are an alternative fteatrnent for reducing nutrients
and common cootaminants; however, state regulations discourage use of
constructed wetlands to treat wastewater. Commonly cited stz.tistics indi-
cate constructed wetlands can be expected to remove 750/o of ,total
suspended solids, 450/o of total phosphorus, and z5-350/o of total nitrogen.

4

4 wFI DES will conducr cost-benefit analyses to evaluate upgrade needs for
secondary, tertiary, and alternative treatment. The report of this study
would include: review of wastewater ffeatment plant design with recom-
mendations for changes; review of options, structural constraints, land
constraints, engineering and legal planning issues, construction (depends
on options), operations and maintenance, and monitoring schedules.

) mf DES will continue to work with municipaliries by evaluating the cost-
benefit analyses with municipal officials and facility managers.

O WH DES will evaluate monitoring criteria, criteria vaiues, and monitoring
frequenry required in the permits for any wasrewater fteatrnent facilities
that install upgrades or other adaptauons as a result of this study.

RESPONSIBLE PARTIES
NH DES would hire a contractor to review availabie data from permit infor-
mation and other sources (step 1). The contractor would proceed with
supplemental monitoring, if needed data gaps are identified (steps z and 3).
NH DES would use rhe resulting information ro work with municipalities
in an effort to upgrade facilities that are having impacts on water quality
and biological communities (Steps 4G).

IMPLEMENTATION LOCATION
This Action Plan will be implemented in the following communities with
wastewater treatrnent facilities: Farmington, Milton, Rochesteq somersworth,
Roliinsford, Dover, Durharn, Newington, protsmouth, Newmarket, Newfields.
Epping, Exeter, Seabrook , and HamDton.
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cosTS
DNa and information review by contractor in Step 1
Supplemenral mooitoring in Steps 2 and 3

(field work, analfical testing, and reporr)
Cost/benefit analysis in Step 4
Information transfer to municipalities in Step 5
Evaiuation of permit monitoring criteria in Step 6
Research and frnal report in Step 4

Total

$20,000

$5o,ooo
$3o,ooo
$5,000

$0
$o

$to5,ooo

FUNDINC

Possible funding sources wourd incrude: state and Federar Revolving Loan
Fund under Clean \fater Act p3 options, NHEP Implementation Funding,
and the cooperative Institute for coastal and Estuarine Environmental
Technology, or through other Federal programs identified in Tables 10.1
to 1"0.6 of this documem.

REGULATORY NEEDS
Legislative changes may be needed to clarify the use of artsficialconstructed
wetlands created specifically for pollutant removal, as distinct from narurally
occurring wetlands. 'wetlands 

are considered ,,waters of the state,, and as
such are entitled to strict water quality protection. such waters may receive
pollutant discharges by permit only and are subject ro warer quarity consid-
erations. They cannot constifute part of the treatment process. Ail minor
permits in the Seacoast have recently been reissued.

EXPECTED BENEFITS
upgrades of wastewat:: treatment prants found to be sources of suspended
solids and nutrients wiil directly i,,rprorr. water quarity, flora, and fauna inthe zone of effluent impact. Removal of nutrients from the continuous wastestream will reduce ur*e likelihood of internal recycling of nutrients within theestuary.

MONITORING AND ENFORCEMENT
Additional monitoring may be worked into the NPDES permits to verify theeffectiveness of the upgrades. 

r ----

TIMETABLE

Initiated by 2005. opporn:nities to implement this High priority action willbe pursued in the next four years as funds and resources become available.

PRIORITY

High Priority. imprementation of this action is not dependent
on implementation of other actions iisted in ue rctnp
Management plan.

i+. i ( i  -  :

*ffi;

ffiw
ffi
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ACTTON WQ-2

Evaluate the suitability of UV alternatives to chlorine in
wastewater post-treatment f or Seacoast com m u n ities.

BACKGROUND
. chlorine is commonly used to disinfect wastewater before finai discharge,
but chlorine's general toxicity harms aquatic organisrns, including shellfish
lawae. Dechlorination agents are generally added after disinfection to con-
vert the chlorine to the inert chloride. This further increases the chemical
burden in the waste stream, and aithough less toxic than chlorine, chloride
is generally undesirable. Since chemical dechlorination requires little or no
infrastructure beyond the existing treatment plant, chemicals are essentially
the only cost' The cost (defined as production cost - calculated on the basis
of the amorttzed capital costs, plus the annual operation and maintenance
costs, divided by the annual wastewater volume treated by the plant) of
chlorination averages $0.0211000 gallons, adding dectrlorination averages
$0'005/1000. A chlorine plus dechlorination facility for new planr construc-
tion averages $0.031 1000. The advanrages of chlorine are its low cost and
effectiveness on most wastewater, regardless of contents

The only currently available and practical alternative to chlorine is
lrv(ultraviolet) disinfection. The waste steam is split into multiple shallow
channels and exposed to modest levels of ultra_vi,olet light for just a few
seconds. For water that is cleaq IJV is highly effective, liaves no chemical
residue, and effectively kills both bacteria andviruses. IJV is also inexpen-
sive, since it requires little space. Energy requirements are low compaied
to existing Y/\rrF power usage. Long-term costs for Lrv disinfection are the
same as for a retrofined chlorine plus dechlorinarion system, $0.0311000.
cost in new planr consrrucrion is slightly less, $0.025 /1.a00, sfhile a uv
facility takes little space, urban plants with no expansion room may-have
difficulty adding a UV faciliry

The principle disadvantage of tlV disinfection is the process's sensitiviry to
turbidity' the cloudy condition of water with suspended sediments or foreign
particles. Turbidity is measured differently from iotal suspended solids (TSS),
and is not always well correlated with measures of suspended solids. There
is no plant standard for turbidiry, bur allowable levels of total suspended
solids (TSs) can easily produce turbidity that renders trV disinfection ineffec-
tive' Filtration may be required to ensure sufficient clariw. But filtration can
have high operation and maintenance costs if, for example, effluent is turbid
enough to cause clogging.

The Dover wastewater treatrnent facility constructed in 1992 has a conven-
tional trv facility. The Envirorunental Research Group at uNH is studying,
with NoAA-CICEET funding, an innovarive LM technology called pulsed-uv.
This will be piloted in Dover and Durham in 7999 and in 2000. pulsed_UV
holds promise for wastes that are more difficult to treat, e.g. csos (com-
bined sewer overflows).

.$
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Table'l: Program Goals

MONITORING GOALS

Water Quality

I Determine the status and trends of the sanitary quality
(bacteria and other disease-causing organisms) of shell_
fish-growing and recreational waters.

I Determine the status and trends of eutrophic conditions
in New Hampshire,s coastal and estuarine waters.

I Determine the status and trends of toxic contaminants
in water, sediment, and biota of coastal New
Hampshire.

Shellfish

I Determine the status and trends of shellfish populations
in New Hampshire,s coastal and estuarine waters.

Land Use/Habitat protection & Restoration

f Dekrmine the status and trends of land use, develop_
ment, and habitat protection in the Seacoast region of
New Hampshire.

I Determine the status and trends of critical species and
habitats in New Hampshire,s coastal and estuarine
watersheds.

MANAGEMENT GOALS

Water Quality

I Ensure NH's estuarine waters will meet standards for
pathogenic bacteria.

I Ensure NH's estuarine waters will meet standards for
organic and inorganic nutrients

I Ensure NH's estuarine wateis, sediments and biota meet
standards for toxic contaminants.

Shellfish

I Achieve sustainable shellfish resources by tripling
the area of shellfish beds that are classified open
for harvesting to 75o/o of all beds, and tripling
the quantity of harvestable clams and oysters.

I Assure shellfish are fit for human consumption
and are support a healthy marine ecosystem

f ProVide opportunities and strategies for restoration
of shellfish communities and habitat.

I Support coordination to achieve environmentallv
sound shellfish aquaculture activities.

Land Use/Habitat Protection & Restoration

I NH coastal watershed has development patterns that
ensure the protection of estuarine water quality and pre_
serve the rural quality of Great Bay.

I Maximize the acreage and health of tidal wetlands.

I Protect freshwater and tidal shorelands to ensure estuar-
ine water Quality.

I Protect estuarine water quality by ensuring that ground_
water impacts are minimized.

f Allow no net loss of freshwater wetland functions.

I Maintain habitats of sufficient size and quality to sup-
port populations of naturally occurring plants, animals,
and communities.
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Table 2: Program Objectives

WATER QUALITY - Bacteria

I 
rvronitoring Objecrive

Objective A: To determine if concentrations of
fecal borne microbial contaminants are increas_
ing with time.

Objective B: To determine the effects of
human-borne fecal microbial contaminants on
surface water quality in coastal NH.

Objective C: To determine if the incidence and
concentrations of microbial pathogens are
changing with time.

Achieve water quality in Creat Bay and
Hampton Harbor that meets shellfish harvest
standards (14 counts of fecal coliform/l00 ml)
by 201 0.

Management Objective

Minimize beach closures due to failure to meet
water quality standards for tidal waters
(Enterococci levels not exceeding 104
counts/l 00 ml. in any one sample)

Increase water bodies in the NH coastal water-
shed designated 'swimmable, 

by achieving
state water quality standards (E. coli levels not
exceeding 406 counts/l00 ml in any one sam_
ple. For designated beaches, E. coli should not
exceed 88 counr/l00 ml.)

Reduce the number of known illicit connections
in the NH coastal watershed by 50o/o by 2010.

Achieve 50olo reduction of known illegal dis_
charges into Creat Bay, Hampton Harbor and
the tributaries by 2010.

Action Pians

wQ-3, 4A,48,4C,
5 , 6 , 7 , - 9 ,  1 3 ,  1 4

SHL-2, 5

WATER QUALITY - Toxic Contaminants

Monitoring Objective

Objective A: To determine if toxic contaminant
concentrations in seafood species from NH
coastal waters are increasing with time.

Objective B: To determine if concentrations of
toxic contaminants in sediments, water. and
biota are increasing with time.

Objective C: To determine if toxic contami-
nants are causing increasingly prevalent toxic
effects in marine and estuarine biota.

Management Objective

Develop baseline of toxic impacts on ecological
and human health by tracking toxic contami_
nants in water, sedimenf and indicator species:
blue mussels (Gulfwatch); tomcod, lobsters and
winter flounder (Coastal 2000).

Long-term: Reduce toxic contaminants levels in
water, sediment and indicator species so that
no levels persist or accumulate according to:

I FDA guideline levels

I State water standards in Ws i 700

I Sediment levels below ER-M levels

Action Plani

wQ- 2, 48,6,7,
11, 12A, '1l28, 15

1 1 4
NHEP MANACEMENT PLAN



WATER QUALITY - Nutrients and Eutrophication

Monitoring Objective

Objective A: To determine whether concentra_
tions of dissolved and particulate nutrilnts are
increasing as seacoast region development and
population increases.

Objective B: To determine whether concentra_
tions of phytoplankton, measured by chloro_
phyll a, in NH tidal waters change over time.

Objective C: To determine whether concentra_
tions of suspended particulates, measured by
T55 and particulate organic matter, turbidity,
and secchi depth, in NH tidal waters change
over time.

Objective D: To determine whether the con-
centration of dissolved oxygen and percent
oxygen saturaton in NH tidal waters change
over time.

Objective E: To determine whether nuisance
macroalgae increase in abundance and area in
intertidal and shallow subtidal areas of the NH
estuaries.

Objective F: To determine whether eelgrass
decreases in abundance, density and biomass,
and area in intertidal and shallow subtidal
areas of NH estuaries.

Maintain inorganic nutrients, nitrogen, phos_
phorous and chlorophyll a in Great Bay,
Hampton Harbor and their tributaries at 199g-
2000 NERR baseline levels.

Management Objective

Maintain organic nutrients in Creat Bay,
Hampton Harbor and their tributaries at 1994-
1996 NERR baseline levels.

Maintain dissolved oxygen levels at:
> 4 mg/Lfor tidal rivers

> 6 mg/L for embayments
(Creat Bay and Little Bay)

> 7 mg/Lfor oceanic areas (Hampton

Harbor and

Atlantic Coast)

Maintain NPDES permit levels for BOD at
wastewater facilities in the NH coastal water_
shed.

Action Plans

w Q - 1 ,  5 , 6 , 7 , 9 ,
9 ,  1 0 ,  1 1 ,  1 5
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l l l icit Connections
saniary sewer lines tlnt are connected to stonnwate r drakagepipes, rezuIting in the
discharge of untreated sewage to zurface waters.

lmpervious Surface
A surface such as asphart, concrete pavement, or rooftops that cannot be easily pene-
tatedby water.

Invasive Species
Especiaiiy competitive and prolific non-native, introduced species of plana or animals.
Invasive species reduce the overall biodiversity of 

"n 
ecosyitem, and may cruse com-

plete displacement of native species.

Leach Field
A shallow sewage disposal area, often constructed of stone and pipe and covered
with topsoil, designed for the final disposal of sepric tank effluent in the underlying
soil.

Macroalgae
Large, muiticellular algae which often attach themselves to rocls or other substrates in
the marine environment. Examples include kelp and rockweed.

Master Plan
A report or pet of statements and land use and development proposals with accompa-
riying maps, &g*lrT, charts, and descriptive matter designeJ to show as fully as is
possible and practical a municipal planaing board's recommendations for the desir-
able development of the territory legally and logically within its pianning jurisdiction.
The contents of a master plan are described InRSA 674:2.

National Estuary program (NEp)
A state grant program within the U.S. Environmental Protection Agenry established to
designate estuaries of national significance and to assist local stakeholders in the
preparation of a Compreberxhn consenta?inn and Managem.ent planfor the designat-
ed estuaries.

National Pollutant. Discharge Erimination system (NpDEs)
A requirement in the federal cleankater Act for dischargers to obtain permits, which
place limits on the levels of polluants that may be discharged.

Natural Resources Outreach Coalition
A group of outreach and education specialists cornrnined to helping local decision
makers integrate the principles of natural resource-based planning i"t *r.,.pi-ri"g
processes' The Coalition develops a coordinated outreach effoft ailored to the natural
resource and growth issues and needs of each interested community, arid provides
access to more technical natural resource management and planning resources. coali-
tion members indude: IJNH cooperative Extension, and cooperative Exension/sea
Grant; New Hampshire coasal program; NH Fish and Game o"p"rrro.;t - C;;;,
National Estuarine Research Reserve; NH Department of Environmentar services;
Rockingham Planning commission and suafford Regional planning commission;
Rockingham and strafford county conservation Districts; and the New Hampshire
Esfuaries Project.

Non,Point Source pollution
Pollution that is generated over a relatively wide area andl dispersed rather than dis-
charged from a pipe. Common sources of non-point pollution include stormwater andagriculnral runoff, and faiied septic systems.
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Nutrients
Essential chemicals needed by plants and arumals for growth. Excessive amounts of
nutrients - nitrogen, and phosphorus, for example - can lead to degradaaon of water
qtslity and grow*r of excessive amounts of algae. Some nutrients can be toxic at high
concentrations.

Paralytic Shellfish Poisoning (PSP)
A life-ttreatening syndrome caused by eating shellfish *tat arc contaminated with tox-
ins produced by certain kinds of microscopic algae. Symptoms include tingling, numb-
ness, giddiness, drowsiness, fever, rash, staggering, and others. Not all cases are fatal,
but the most severe cases result in respiratory arrest within 24hours of consumption
of the toxic shellfish. PSP is prevented by large-scale proactive monitoring prograrris to
assess toxin levels in shellfish and npid clozure to harvest of zuspecr or dernorstrated
toxic areas.

Pathogen
Any organism, but parlicularly bactena and viruses, that causes disease. For example,
human pathogens in shellfish can cruse hepatitis and intestind disorders.

Performance Standards
Federal, stz.te, or local codified specifications that condition development activities to
limit the extent to which a struchlre or activity may affec- ttre immediate environment.

Petroleum Hydrocarbons
The mi:rture of hydrocarbons normally found in petroleum; indudes hundreds of
chernical compounds.

Point Source Pollution
Pollution originating at a patietlar place, such as a sewage treatment plant, oufall, or
other discharge pipe.

Polycyclic Aromatic Hydrocarbons (PAHs)
A class of complex organic compounds, some of which are persistent in .the environ-
r'nent and cause czrrcer. PAHs are commonly formed by the combustion of petroleum
products such as gasoline, and often reach waterbodies through atrnospheric deposi-
tion or roadway runoff.

Polychlorinated Biphenyls (PCBs)
A series of hazardous compounds used for a number of industrial puposes. PCBs are
toxic to some marine life in very low concentrations and are known to cause skin dis-
eases and even death in humans at higher concentrations. PCBs do not decompose
easily in the environment, and they can concentrate through the food chain as larger
animals eat a numhr of smaller animals that are contaminated.

Primary Treatment
Physical processes used to zubstantidly remove floating and separable solids in waste-
water. This process can indude screening, grit removal, and sedimentation.

Pumpout Facility
A fixed or mobile system or device used to remove sewage from holding tanks in boats.

Red Tide
A phegomenon where cerain species of microscopic marine plants with reddish pig-
ments grow very fast and 'bloom" into dense, sometimes visible patches near the sur-
face of water. The microscopic plants associated with red tides are often harmless to
humans; howeveq a small number of species produce potent neurotoxins *rat can be
harnfirl or fatal. A harmfin red tide that often occurs off New England coastal waters
cruses Paralytic Shellfish Poisoning (pSp).
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