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Notes onUse and Applicability of this Report and Results:

The purpose of this vulnerability assessment report is to provide a broad overview of the potential risk and
vulnerability of state, municipal and public assetsuling from projected changes irsealevels and coastal
storm surge. Thigeport should be used for preliminary and general planning purposes only, not for parcel
level or site specific analyses. The vulnerability assessment performed was limited by several factors
including the verticalaccuracy of elevation data (derived from LIDAR) and the static analysis applied to map
coastal areas subject to future flooding which does not consider wave action and ottmastal dynamics.

Also, the estimated flood impacts to buildings and infrastructuare based upon the elevations of the land
surrounding them, not the elevation of any structure itself.
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REPORT ACRONYMS

AOP Aquatic Organism Passage

CAPE Climate Adaptation Planning for Exeter

CAW NH Coastal Adaptation Workgroup

CRHC Coastal Risk and Hazards Commission

C-RiSe Climate Risk in the Seacoast

FEMA Federal Emergency Managnent Agency

FIRMs FEMA Flood Insurance Rate Maps

HY-8 Feder al Hi ghway Administrationd6s free cul ver
LiDAR Li(ght) + (ra)DARS a mapping tool that uses infrared laser light

MHHW Mean Higher High Water

NTDE National Tidal Datum Epoch

SLAMM Sea Level Affecting Marshes Model

SLR Sealevel Rise

STAP Science and Technical Advisory Panel report, Coastal Risk and Hazards Commission (2015)
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INTRODUCTIONPLANNING TO REDUCE RISK AND VULNERABILITY

New Hampshireds economy and qu ave
linked to its shores, its vastxpanses of productive saltmarshes ane New Hampshiré s Great Bay
. . municipalities are confronted b
sandy beaches. Increased flooding has tipetential to place coastal P y
_ _ _ _ _ land use and hazard management
populations at risk, threaten infrastructure, intensify coast@lzards  concernsjncludng extreme weather
and ultimately impact homes, businesses, public infrastructul events, storm surges, flooding an
recreation areas, and natural resources. Accounting for changes ©rosion. These issues asgpected to
. . .. intensify with increases in the
sea level and coastal stors will help lead to informed decisions for . .
_ } _ o i frequency and intensity of extreme
public and private investmentsand helps minimize risk and  storm events ad risingsea leved

vulnerability.

What is aVulnerability Assessment?

A vulnerability assessment identifies and measures impacts of flooding from sea leveanidestorm surge

on built structures, human populations and natural environments. Factors that influence vulnerability include
development patterns, natural features and topography. The assessment evaluates existing and future
conditions such asinland exent and depth of floodirg; impacts to natural and human systemsand
changes in impacts between different flood levels

Climate Risk in the Seacoast-@&Se) Vulerability Assessment

The Climate Risk in the Seacoaft-RiSe)vulnerability assessmentroject produced maps and statistical
data about the potential sedevel rise and storm surge impacts to infrastructure, critical faciljities
transportation systems, and natural resourcés the ten tidallyinfluenced municipalities surroundinlew
Hampsh i r @réas Bay EstuarySpecifically the GRiSe projectincorporated the following assessment
components:

1 SealevelRse andSorm Surge Inundation Mapping & Flood extentsfor six sealevel rise and sedevel
riseplus storm surge scenarios were mapped for each municipality.

9 Municipal Vulnerability Assessments Vulnerability assessmerst quantified and mapped impacts to
transportation systems, critical facilities and infrastructure, and natural resources was conducted for each
municipalityto provide a broad overview of the potential risk and vulnerability of municipal assets and
resources resultingrbm projected increases in sea level and coastal storm surge flooding.

1 CulvertAssessmend Modeling was developed to assess hydraulic capacity, aquatic organism passage
and geomorphic compatibilityfor a selection ofroad/stream crossings ¢ulvertg at variousstorm flows.
Modeling results will enable municipalities to identify anpioritize culverts for replacement that have
inadequate flow capacity and/or present barriers to passage of aquatic organisms.
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1 Hazard Mitigation Planningd The proj ect also included oOnext step
includedoutreach and technical assistant¢e each municipalityto inform municipal leaders about future
flood risks andidentify waysto incorporate vulneraldity assessment results and adaptation strategies
into local planning efforts.The municipal vulnerability assessment reports wedesigned for future
inclusion in local hazard mitigation plans.

How Can VulnerabilityAssessmerd Be Used?

Information from a vulnerability assessment can help guide common sense solutions, strategies and
recommendations for local governments, businessemd citizens to enable them to adopt programs,
policies, business practiseand make informed decision$®lanning for the longterm effects of sedevel rise

may also help communities prepare in the shet¢érm for periodic flooding from severe coastal stors.

Results fromthe G-RiSevulnerability assessment can be incorporatedisting municipal plans including the
Master Plan, Hazard Mitigation Plan, Road Improvement Plan, Infrastructure Management Plan, and Capital

Zoning Ordinance Land Conservation Plan Capital Improvement Plan nt
ations
Site Plan Regulations Master Plan Roadway Management
Subdivision Regulations Hazard Mitigation Plan Facilities Management Plan

How Do Vulnerability Assessments Bene@lbmmunities?
The C-RiSe vulnerabilitpssessment is intended to assidew Hampshird s Gr eat Bayntakingni ci p
actions to prepare for increase flood risk, including:

A Enhance preparedness and raise community awareness of future flood risks.

A ldentify and begin to implement costeffective measures to protect and adapt to changing
conditions.

Improve resiliency of infrastruate, buildings and investments.
Protect life, property and local economies

Protect services that natural systems provide

> > > >

Preserveunique community chaacter.
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MAPPING AND ASSBYENT METHODS

Vulnerability Assessment: Sea Level Rise and Storm Surge Scenarios

The Climate Risk in the Seacoaff-RiSe)vulnerability assessment project produced maps and statistical
data about the potential sealevel rise and storm surgeimpacts to infrastructure, critical facilities
transportation systems, and natural resourcés the ten tidally influenced municipalities surroundingew
Ha mp s hGreateBaysEstuanAs shown in Figure 1, the-RiSe assessment evaluated flood impacts from
three sealevel rise scenariofor the year 210® 1.7 feet(intermediate low), 4.0 feet (intermediate high), and
6.3 feet (highest)d and three sealevel rise plus storm surge scenari@®mbining the static sealevel rise
scenarioswith the current 108 year storm surge

FIGURH.: Seda_evelRiseand Storm Surge Scenaricet 2100

Intermediate

Intermediate

SealevelRise(SLR)| Intermediate Intermediate | Highest i Highest SLR-
) i Low SLRr High SLRt
Scenarios LowSLR High SLR SLR storm surge
storm surge | storm surge
SLR 1.7feet 4.0feet 6.3 feet -- -- --

SLR + Storm Surge

1.7feet +
storm surge

4.0feet +
storm surge

6.3feet +
storm surge

Note: Storm surge is the area flooded by theurrent 10Gyear/1% change storm everds depicted on the
PreliminaryFlood Insurance Rate Map®leasedby FEMAIn 2014.

Baselineof Mean Higher High Water

Flooding from the sealevel rise scenarios and sdavel rise plus storm surge scenarios evaluated in this
study were mapped froman established baseline dflean Higher High Water (MHHW) which is 4.4 feet in

the coastal region of NHMHHW is the average of the higher high water height of each tidal day observed
over the National Tidal Datum Epoch

Sealevel Rise Scenarios

Thethree sealevel risescenariosused inthe G-RiSeassessmenare based on an earlier study completelly
Wake et alin 2013, and are similar tothe more recentfindingsissued by the NH Coastal Risind Hazards
Co mmi s $CREGC)SGisnceand Technical Advisory Pan¢STAP)n 2014. As shown inFigures 2 and 3
below, while slightly different than the scenarios cited in the 208%APreport, the sealevel rise scenarios
used inthis assessment yield coverage estimates of flooding that are within the mapping margin of error for

1 The NTDE refers to the specific -W@ar perial adopted by the National Ocean Service as the official time segment
over which tide observations are taken. The present NTDE is 1983 through 2001 and is consideregligion every
20-25 years SeeNOAA. (2013)Tidal Datumshttps://goo.gl/2h7btu

3 Wakeet al. (2011)Climate Change in the Piscataqua/Great Bay RegiBast, Present, and Future. Carbon Solutions
New Englam Report for the Great Bay (New Hampshire ) Stewardips://goo.gl/PxbLLw

4 NH CRHCSTAPR (2014) Sealevel Rise, Storm Surges, and Extreme Precipitatio@oastal NHhttps://goo.gl/gvJgBD
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the scenarios inboth the 2011 and 2014 reporisThey are essentially the same séevel rise scenarios
shown in the 2014 National Climate Assessment producky a consortium of federal agencies and
researchers thahave expertisein oceans and climatology including NOAA, U.S. Army Corps of Engineers,
EPA and many academic institutions.

Figure 2:2011 Sealevel Rise Scenarios (based on greenhouse gas emissatr)50 and 2100

2050 2100
Lower Higher Lower Higher
Current Elevation of MHHW 2b 4.4 4.4 4.4 4.4
100-Year Flood Height 6.8 6.8 6.8 6.8
Subsidence 0.0 0.0 0.0 0.0
Eustatic SLR 1.0 1.7 2.5 6.3
Total Stillwater Elevation < 19322 12.9 13.7 17.5

a - NAVD: North American Vertical Datum of 1988

b - MHHW: Mean Higher High Water at Fort Point, NH

¢ - Total Stillwater Elevation may not equa.l total of components due to rouuding
Source: Wake CP, E Burakowski, E Kelsey, K Hayhoe, A Stoner, C Watson, E Dougla€lifpafel)
Change in the Piscataqua/Great Bay Region: Past, Present, and Fu@aebon Solutions New England
Report for the Great Bay (New Hampshir8jewards https://goo.gl/PxbLLw

Figure 3: 2014 Sehevel Rise Scenarios (based on greenhouse gas emissatr)50 and 2100

Sea-Level Rise Scenarios at 2050 and 2100

+1.3 feet sea level

https://goo.gl/gvJgBD

- % HIGHEST
: OBSERVED SCENARIOS i ase Source: NH Coastal Risk and Hazards
isoo Commission Science and Technical
s / Advisory Panel(2014) Sealevel Rise,
Storm & 375 JKINTERMEDIATEHIGH  grges, and Extreme Precipitation in
g +3.9 feet sea level . .
§ 20 fect sex level Coastal New Hampshire: Analysis of
Past & % and  Projected  Future  Trends
c
£
F
)
o

125 +1.6 feet sea level
+0.6 feet sea level
e M
-1.25
1900 1950 2000 2050 2100

YEAR

Storm Surge

Storm surge is the rise of water level accompanying intense st storm events such a tropical storm,
hurricane or Norbdeaster, whose height is the diffe
the level that would have occurred in the absence of the storm evértorm surge is caused by several

factors including winddriven wavesand increase water height from low atmospheric pressure associated

5> For more information about how these sedevel rise scenarios were mapped, vigittps://goo.gl/btGDRV.
"NOAA. (2016). What is storm surgé®ps://go0o.gl/0OgQsQ2.
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with intense stormsStorm surge is mapped using the 10¢ear/1% chance flood events from the Preliminary

FIl ood I nsurance Rate Maps (FI RMs) released by FEMA
of moderate wave action in coastal areas, however this assessndeet notaccountfor additional flooding

and impacts related to more severe wave action, wind action, erosion and other dynamic coastal processes.

Vulnerability Assessmenfissets and Resources Evaluated

A GlSanalysis was conductetb determine the intersection offlood inundation areas with key assetnd
resources(transportation, critical facilities, infrastructure and natural resourca®) quantitatively evaluate
flooding impacts Flood elevations were mapped using highesolution topography R-foot contour
elevations acquired with LiDAR) whiclyreatly increased the accuracy omapping the extent of each
incremental increase irflood depth. Figure 4 presents the complete list of the assets and resources
evaluated as part of theC-RiSevulnerability assessment. The assets and resources evaluated are listed in
subsequent tables in this report only if they are affected by one or more of the dewgel rise and/or coastal
storm surge scenarios.

FIGURE 4Assets andResources Evaluated for the Vulnerability Assessment
Category Assets and Resources

Municipal Culverts
State and Municipalnfrastructure | Federal and State Historic Register Properties
Other Assetsgraveyardswater access, transmission lines

Municipal Critical Facilitie®.g.Police and Fire Stations,

Municipal Critical Facilities
schools, emergency shelteys

State and Local Roadways

Bridges

. Regional and Municipal Evacuation Routes

Transportation Asset& Roadways
Urban Compact Areas

NHDOT Transportation Infrastructure

NHDOT Tenyear and Long Range Plan Projects

Freshwater and Tidal Wetlands
Aquifers and Wellhead Protection Areas
Wildlife Action Plard Tier 1 and Tier 2 habitats

100yearFloodplains

Natural Resources

ResidentiaStructures
Assessed Value of Affected Parcels

Land Use

CulvertAssessmentHydraulic Aquatic Organism Passagend GeomorphicRatings

Another significant source of flooding in the Great Bay region comes from failing or undersized culverts
which can lead to localized damming or severe erosidany older culverts were not designed to manage
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the increased raifall associated with large storm even{§0-years and greater)The culvert assessment was
undertaken to determine culvert capacity and ability to process stormwaf€o. evaluate culvert function,
hydrologic and hydraulic modeling ofroad/stream crossings(culverts)was completel by the University of
New Hampshire Stormwater Center. The-Rise project assessetlydraulic capacity aquatic organism
passage(AOP), and geomorphic compatibility (GGt various peak flows for a subset alilvertsselected by
each of the ten Great Bagoastal municipalities. The assessment was based on runoff associated with the
current 10, 25, 50- and 10Gyear storm events. For each storm,
each crossing was assigned a hydraulic ratjag AOPrating, and FIGURB: HydraulicRatings
a GC rating the three ratings are described in greater detail
below. R —

50-yr Rating 100-yr Rating

Hydraulic Rating

Peak flowsfor the 10, 25, 50-, and 100year storm events were Hydraulic Rating Key
. - . 0-yr: Rating f r rf:
used to determine headwater depths \ater surfaceelevation at ot S e e o 4y nocl e
. . . 25-yr: Rating for the water's surface
the inlef) for each crossingHeadwater depths werecalculated elevation at the inlet for the 25-yr flood flow
. . . . 50-yr: Rating for the water's surface
using fieldcollected culvert and crossing data. The flood flow  Eowsion wine inlek B e 5 yr ool Ty
. . -yr:_ ating Ol" € waters surtace
were calculated by one of two methods: runoff from rainfall o elevation at the inlet for the 100-yr flood flow
. . ﬂ Pass: Headwater stage is below the lowest top
regression equation. For all watershed areas smaller than o oftop of culvertat the site

Headwater stage overtops the road

square mile, the Curve Numbérmethod was used; and fo M F e e o oo e
watersheds larger than one square mile, flows were calculat omeel tos ulverand e top of ey med

using the Regression Equatiotfpublished by the USGS for New

Hampshire. Once thdlood flows at each crossing were calculated, they were input into the Federal Highway
Admi ni st r auvertoanalysis séftwwareslY-8¢ along with the necessary culvert and crossing data
collected at each location.Headwater deptts were then calculatedfor each of the flood flows and
compared to the lowest top of the culvertand roadway elevationn order to assign hydraulic rating for
each crossing

The hydraulic ratings describéhe headwater depth for each floodflow relative to the culvert and road
elevation The ratings for hydraulics are: Pass (green), Transitional (yellow), and Fail &eatBscription of
each hydraulic rating is provided in Figurg. Figure 6 illustrates how the hydraulic rating &pplied to a
culvert evaluation.

9 A curve number is a number from zero to 100 that describes how much rainfall runs off versus how much is lost to
infiltration. A high curve number implies most of the rainfall runs off.

10 A regression equation describes a mathematical relationship between two variables in which one variable is used to
predict the other.
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FIGURE 6: Example of how the hydraulic rating is applied to a culvert evaluation.

_| Flood water
E level at or
‘above road
HE:
2|8
o |2
==
©
>
3p=S
e
v Flood water *
‘é’ level at or below
top of culvert

Aquatic Organism Passage (AORRating
The AOP ratings were developed using the New
Hampshire protocol for assessmentvhich is based

FIGURE 7: Aquatic Organishassage Ratings.

directly on the Vermont Culvert Aquatic Organism
Passage Screening Tool. This tool uses physical da
collected at each crossing and may be used to rate

Crossing likely is fully passable by

each culvert at a crossing for AOP. At a crossing with
multiple culverts,if one culvert is more passable than
another, the more passableculvert would to be the

path that organisms would utilize. Thus, the best rating

for a culvert at a crossing is used as the rating for the
crossing as a whole.

The AOP raings are: Full AOP (Green), Reduced AOH
(Gray), No AOP3 Adult Salmonids (Orange), and No

AOP (Red). A description of each AOP rating i
provided in Figure 7.

Full AOP g .
all aquatic organisms
Crossing likely has reduced
Reduced AOP | passage capability by all aquatic
organisms
No AOP- Adult Crossmg likely |§ not passable by
. all aquatic organisms except for
Salmonids .
adult salmonids
Crossing is likely impassable by 3
No AOP aquatic organisms including adult

salmonids

Geomorphic CompatibilityGC) Rating

Similar to AOP, New Hampshire has a screening tool for rating crossings for their geomorphic compatibility

(GQ refers to theability of a crossingto passsediments and debrisThis rating isalsoadopted directly from

the Vermont protocol. This methoduses physical characteristics, as well as observational details, of the

culvert and of thke watercourse. Five categories are scored with a score-6&f And the sum of the five scores

March 31,2017
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yields a total score, which is then used to determine the ratigC ratings are: Fully Compatible (colored
neon green), Mostly Compatible (colored pea green), Partially Compatible (colored yellow), Mostly
Incompatible (colored orange), and Fully Incompatible (colored red).description of each GC rating is
provided in Figures8.

FIGUE 8. Geomorphic Compatibility Ratings

Structure fully compatible with natural channel form and proceg
Fully Compatible 20 < Score There is a low risk of failure. No replacement anticipated over t
y P 0 25 lifetime of the structure. A similar structure iecommended when

replacement is needed.

Structure mostly compatible with current channel form and proceg
Mostly Compatible 15 < Score There is a low risk of failure. No replacement anticipated over t
y P 0 20 lifetime of the structure. Minordesign adjustments recommendec

when replacement is needed to make fully compatible

Structure compatible with either current form or process, but n
Partially Compatible 10 < Score both. Compatibility likely shorterm. There is amoderate risk of
y P O 15 structure failure and replacement may be needed. Riesign

suggested to improve geomorphic compatibility.

Structure mostly incompatible with current form and process with
Mostly Incompatible 5 < Sc or € moderate to highrisk of structure failure. Relesign and replacement
planning should be initiated to improve geomorphic compatibility.

Structure fully incompatible with channel and high risk of failure.-R
Fully Incompatible 0 O Sc or ¢ design andreplacement should be performed as soon as possible
improve geomorphic compatibility

Map Design and Organization

The C-RiSHEnap set is comprisedf two components:maps depicting the extent of projected flooding from
the three sealevel rise scearios in shades of green, anthaps depicting the three sealevel rise plus storm
surge scenarios in shades of gknEach of the assetategoriesevaluated are displayed on these two maps
Examples of the two scenario maps are shownFigures 9 and 10 on the following pages

% The complete CRiSe map set is available on the NHDES Coastal Program Websitgtps://goo.gl/17prD6
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Figure9: Sea Level Rise Scenarios fe&, 4.0feet, and 6.3feet at 2100

B e ol p—
B T e ase——,

TOWN OF EXETER

Extent of Projected Tidal Flooding
Sea-level Rise 1.7', 4.0, 6.3'

Legend
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Figure1Q Sea Level RisBcenarios 1.feet, 4.0feet, and 6.3 et sealevel rise+ storm surgeat 2100
Note: Storm surge = 108/ear/1% chance storm event and flood elevation.

Wmnnt b b g, ot b, ol frmpben

TOWN OF EXETER

Extent of Projected Tidal Flooding
+ Storm Surge
Sea-level Rise 1.7°, 4.0, 6.3'
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OVERVIEVDF IMPACTS IN THEREAT BAY COASTAL REGION

Ne w Ha mpGdat Bayedia is comprised of tenrmunicipalitieslocated in Strafford Regional Planning
Commission and RockingharmRegional Planning Commission regions:

A Strafford Regional Planning Commission Region:
o Dover, Durham, MadburyNewmarket and Rollinsford

A Rockingham Planning Commission Region:
o ExeterGreenland Newfields, Newingtopand Stratham

This section presenta brief summary of gjnificant potential sealevel rise and stormrelated flooding
impactsassessedn the ten Great Bay municipaligs®®

Strafford Regional Planning Commission Region

Dover The locations mostsusceptible to coastal flooding in lowareas along the Bellamy River; the
Piscatagua River; at the confluence of the CochedRiverand the Salmon Falls Riveaind along the shores
of Little Baywithin the coastal floodplain arednfrastructure, aquifers, uplands, floodplains,regerved lands,
freshwater wetlands, and lands identified as important habitat (Wildlife Action Plae)t@e most vulnerable
to flooding from sealevel rise and coastal storm surgé&lo impacts to residential homes reported under the
first sealevel rise scenario; however, significant impacts in iheermediate high(4.0ft) and higlest (6.3ft)
scenarios can be expectedNearly 3% of D o v eupldndsare impacted by the highes(6.3 feet) sealevel
rise plus storm surgescenariq including 476 parcels valuedt roughly $235 million, and 185 homes valued
at roughly $170 million.

Durham: The locationsmost susceptible to coastal floodingre thelow areas along the Oyster River and its
tributaries at the confluence of theOyster Riveiand Little Bayand along the shores of both Little and Great

Bay within the coastal floodplain areaCo mpar ed t o ot her municipalities |
key infrastructure, community assets, and natural resources are proteckézhrly 2% of D u r h aupheihds

are impacted by the highest (6.8eet) sealevel riseplus storm surgescenariq including 298 parcels valued

at roughly $153million, and 14 homes valued abughly $5.6 million.

Madbury: The locationsmost susceptible to coastal floodingre along the Bellamy Riveat the confluence

of the Oyster Rive and Little Bay and Johnson Creekwithin the coastal floodplain areaMost key
infrastructure, community assets, and natural resources are protected from flooding with the exception of
very minor road impacts Freshwater wetlands, floodplains, andatural land resources identified as
important habitat (Wildlife Action Plan)ra the most vulnerable to flooding from sedewel rise and coastal
storm surge Less than one percent (19%6)f Ma d Wplands/afe Smpacted by the highest (6.3et) sea

16 Individualized reports for each municip@y are available on the NHDES Coastal Program Website at:
https://goo.gl/17prD&
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level riseplus storm surge scenariq including 19 parcels valued abughly $2.1 million. No homes are
impacted by flooding.

Newmarket The locatons most susceptible to coastal floodingre south of the Mcallen Dam on the west
side of the Lamprey River near the downtown; lelying areas around Lubberland Creek, and lelying land
south of the Lamprey River along Great B&fignificantacreage of tidal wetlands, wellhead protection areas
(local drinking water supplies), conservation and public lands, and Wildlife Action Plan priority habitat are
vulnerable to flooding from seaevel rise and coastal storm surg&learly3.5%0f N e w ma r Uplands@re
impacted by the highest (6.3eet) sealevel rise plus storm surge scenarincluding 150 parcels valued at
roughly $43.9million, and 6 homes valued atoughly $1.76 million.

Rollinsford Minor impacts are expected in the southeastern portion of town along Chenard Brook, Sligo
Brook, Stackpole Brook, and the Salmon Falls Rivascal groundwater resources (aquifers), areas
surrounding local drinking water supplies (wellhead protection areas), uplands, floodplains, and lands
identified as important hatiat (Wildlife Action Plan) i@ the most vulnerable to flooding from sedewel rise

and coastal storm surgeNo major critical facilities impacted, but potential impacts to Sligo Rasttbuld be
considered Less than 1%f Ro | | i rugldnds arel ilh@acted by the highest (6.3et) sealevel rise plus
storm surge scenaripincluding27 parcels valued atoughly $6 million, and 1 home valued a$357,177.

Rockingham PlanninCommission Region

Exeter The locationsmost susceptible to floodingare in the 100year floodplain and along the upper tidal

reaches of the Squamscott RiveAreas of highest risk for sedevel rise and storm surge flooding include:

Swazey Parkwagxtending west to properties on Watr Street and north on Route 85Exeter Waterfront
Commercial Historic District (waterfront ®dof buildings on Water Street)\Wheelwright Creek drainage up

to Portsmouth Avenue and the Exeter Resenyditorris Brook,Sbans Brook and Rocky Hill BrookRoughly

1% of Exeterds upl ands a rfest) seafepeh Gse plus sttrmy sutgd sendrio, g h e s
including 121 parcelsralued atroughly $83.5 millionand 21residential structure valued at$32.5 million.

Greenland The areas of highest risk for sedevel risk and storm surge floodingre adjacent to the Great

Bay and tidal portion of the Winnicut Riveand include:properties and roadways asgiated with Bayshore

Road, Mebn Road, Fairviewerrace, Great Bay Drive West, Bayside Drive, Caswell Drive, Bruce; Giblrt

Route 33 between Golf and Ski Warehouse and Rizzo Warehouse/British AislesPangmouth Country

Club; shoreland buffers, salt marsh, and freshwater wetlands along the Great Bay, Winnicut River, Pickering
Brook, Paker Brook, Haines Brook, Shaw Brook and Foss Bréok much as 5. 9% of Gr e«
are impacted by the highest (6.8et) sealevel rise plus storm surge scenario, includi2g2 parcels valued

at roughly $94.2 millionand 26 residentiaktructures valued atroughly $15.6 million.

Newfields The areas of highest risk for sekevel rise and storm surge floodingccur along the Great Bay

and Squamscott River includeampsites associated with Great Bay campjigwn Landingjand and docks

along River Road land abutting the Wastewater Treatment Planbut not the Plant itself Pan Am railroad

leading to the railroad bridge crossing the Squamscott River Near |y 3. 5% of Newf i
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impacted by the highest (6.3eet) sealevel rise pls storm surge scenario, including5 parcels valued at
roughly $9.7 millionand 2 residential structures valued at $513,700

Newington The high risk flood areas include lands currently used for commercial, industrial, residential and
recreationaldevelopment, and small sections of local roads and state Route 16 at the Little Bay Bridges
Soecific areas most susceptible to sdavel rise and storm related floodingnclude River Road/Piscataqua
River waterfront commercial/industrial are&reat Bay Marire facility;Fox Point and Newington Town Park
conservation landsShattuck Way, a designated evacuation royt@nd residential neighborhoods afFabyan
Point Roughly 4.7% of Newingtod s  u paleampatted by the highest (6.82et) sealevelrise plus storm
surge scenario, includind.28 parcels valued abughly $136.8 million and 8 residential structures valued at
$8.4 million.

Stratham The areasmost susceptible to coastal flooding in lowlands adjacent to and witlie floodplain

of the Squamscott River and itsidal and freshwatertributaries These lowlying areas,with a mix of
residential and commercial development and the infrastructure that services them, are particularly
vulnerable to flooding from seasnal high tides, sedevel rise and coastal storms. Other flood impacts
include:Chapmans Landing water eation access and parking lohiay and crop fields aStuart Farm and
Scamman Farmbordering the Squamscott Riverand well-head protection areas for residential
developments west of Route 3R oughly 4. 7% of a®impatedbys timdhighest (618atn d s
sealevel rise plus storm surge scenario, includirk8 pacels valued atroughly $40.6 million and 6
residential structures valuedtaoughly $2.5 million

KEY FINDINGSF THEVULNERABILITY ASSESSMENT

RegionalAssets and Resources

Figure 1 reports the combinedimpactsto assets and resourcesnpacted sealevel rise and coastal storm
surge scenarioflooding in the ten municipalities Municipalities with the largest percentage dhe total
regionalimpactshy asset typeare summarized below:

A Acres ofAquifer. Dover(85%).

Acres ofWellhead Potection Areas Stratham(72%).

Number of Homes:Dover (94% under 6.3 feet SLR64% under 6.3 feet SLR +storm surge).

Acres ofTidal Wetlands: ExetdR7%), Stratham(22%), Greenland(15%), Newington (14%).

Acres ofFreshwater Wetlands: Durhat@0%), Newington (17%, Dover(18%.

Assessed Property Value: Dovét0%under 6.3 feet SLR51% under 6.3eet SLR+storm surge)and
Exeter(13%under 6.3 feet SLR24%under 6.3feet SLR +storm surge.

> >y > > >

Overall, the Great Bay region has limited vulnerability as most major infrastructure (e.g. water and
wastewater treatment plantss located outside the 10§/ear floodplain. Impacts to local and state roads are
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also minimalhowever,site specific impats can be significant particularly if a designated evacuation route or

state highway is impacted.

FIGURHL Summary ofassets and resourceismpacted by sealevel rise and storm surge at 2100

Sealevel Rise (S)Bcenarios SLR SLR SLR Sl;itt-::;et Sl:i*i).?riet Stig?riet
1.7feet 4.0feet 6.3 feet

surge surge surge
Upland (acresabove MHHW) 289.6 775.8 1,484.7 1,100.3 1,747.4 2,429.5
State, Municipal and Private Assets
Infrastructure (#sites¥ 23 115 69 167 304
Critical Facilitie§# sites¥* 0 0 1 0 1 4
Water/S.ewer/Transmlssmn 04 16 49 30 6.6 103
lines (miles)
RoadwayLocal(miles) 0.0 0.8 2.6 1.5 3.6 5.3
RoadwayPrivate (miles) 0.0 0.4 1.8 1.1 2.3 3.4
RoadwayState (miles) 0.2 0.4 1.2 0.7 1.8 3.5
RoadwayTotal (miles) 0.2 1.7 5.7 3.4 7.8 12.4
Transportation Assets (# sites 46 46 49 47 52 57
f;ﬁ;;its:; Value Parcels $559,200 | $6,806,739 | $41,175,46( $24,798,028| $85,337,887 | $137,832,858
Residential Structures (# of 1 18 102 61 150 269
homes)
100year Floodplain (acres) 739 1,234 1,355 1,316 1,396 1,461
Natural Resource Assets
Freshwater Wetlands (acres) 59 182 259 222 306 413
Tidal Wetlands (acres) 754 834 851 845 855 860
Aquifers(acres) 47 142 340 244 430 595
Wellhead Protection Areas 313 511 785 623 878 1,153
(acres)
Conserved and Public Lands 304 610 928 758 1,026 1277
(acres)
Focus AreaslLand
Conservation F 625 1,040 1,474 1,244 1,610 1,978
Coastal Watershed
Wildlife Action Plan (acres) 721 1,204 1,723 1,447 1,895 2,357

Notes: Storm surge is the area flooded by the 1-Q@ar/1% chance storm eventMHHW = Mean Higher High Water

* Infrastructure Asseténclude: the tenpriority culvertsassessed foreach municipality (not all culverts); Federal and
state historic registry properties or districts; amdOt h er 6 w h traosmissiom Iméds,umeter access (marinas/boat
launches), graveyards, etc.

** Critical Facilitiegdata compiled from municipal haard mitigation plans) include: schools, hospitals, fire stations,
police stations, wastewater facilities, sewer pipes, water pipes, sewer lift stations, pump stations, power stations,
recreational facilities, dams, daycare centers, and elderly housing.
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Most Great Bay municipalities have conserved lands surrounding their tidal waterways and waterbodies.
These riparianlands and shorelands will serve as buffers to rising seas and floodwaters, and provide
transitional habitats for land and water based floend fauna as ecosystems conditions change over time.
This also includes many high value habitats and lands identified in the NH Wildlife Action Plan and Land
Conservation Plan for NHO6s Coastal Watersheds.

The shores of the Great Bay and its tidal tribues are fringed with saltmarsh and freshwater wetland
systems. As sea levels rise, freshwater systems will transition to brackish and saltwater systems with daily tidal
inundation. Saltmarsh may migrate inland with rising seas, depending on the abilitgadfmarsh to keep

pace with the rate of sedevel rise, the topography (gentle slopes versus steep banks), and the absence of
physical barriers such as development, roads and railroad lifesdened shoreline, and retaining walls.

Many Great Bay munipilities primarily those not served by public water and sewer servicag concerned
by rising groundwater levels resulting from rising sea levé¥sing groundwater could impact private septic
systems and saltwater intrusion could contaminate privaténtting water wells.

The complete detailed vulnerability assessment information and recommendations are provided in the
following sections of this report.

DETAILEVULNERABILITY ASSESSMBNBULTBY ASSET TYPE

Municipal Critical Facilitieand Infrastructure

Maps: Critical Facilities and Infrastructustate and municipalkritical facilities andnfrastructureaffected by
sealevel rise and coastal storm surge flooding in the ten Great Baynicipalities Figure 12 reports thetotal
number of sitesand miles ofwater/sewertransmission lineaffected by each flood scenario

FIGURH2: State andmunicipalcritical facilitiesimpacted by sealevel rise and storm surgat 2100

Sea Level Rise (SLR) Scenari SLR SLR SLR SI;Rstt::;et SI;RstAro.?riet SI;RstGo-rgrflet
1.7feet 4.0feet 6.3feet
surge surge surge
Infrastructure (# of siteg) 23 115 69 167 304
Critical Facilitieg 0 0 1 0 1 4
\.Nater/S.ewer/Transmlssmn 04 16 49 30 6.6 103
lines (miles)

Notes: Storm surge is the area flooded by the 1-Q@ar/1% chance storm event.

*Infrastructure Assetinclude: the ten culverts in each municipality assessed for this project (not all culvertise six
flood scenario$; Federal and state historic e gi st ry properties or districts;
water access (marinas/boat launches), graveyards, etc.

and
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**Critical Facilitiefdata compiled from municipal hazard mitigation plans) include: schools, hospitals, fire stations
police stations, wastewater facilities, sewer pipes, water pipes, sewer lift stations, pump stations, power stations,
recreational facilities, dams, daycare centers, and elderly housing.

TransportationAssets

Maps. Transportation Assetshows the state and municipal roadwayand other transportation assets
affected by sealevel rise and coastal storm surge floodinigy the ten Great Bay municipalitiegigure 13
reports the total number of miles of state and local roadwaysand number of/acreage of other
transportation assetsaffected by eachflood scenario.The municipalroadway network is the asset least
impacted bysealevel rise and coastal storm flooding, withinimalimpactsreported under all six scenarios.
However, specific sections of state roadways are impacted by flooding some of which are important
regional evacuation routesThese includdRoute 4, Route 16, Route 85, Route 101, and Route 33.

FIGURESL Stateand local roadway miles impacted by selavel rise and storm surge at 2100

SLR 1.7eet | SLR 4.Geet SLR 6.3eet
Sea Level Rise (SLR) Scenari SLR SLR SLR + storm + storm + storm
1.7feet | 4.0feet | 6.3feet
surge surge surge
ROAD TYPE
State 0.2 0.4 1.2 0.7 1.8 35
Local 0.0 0.8 2.6 15 3.6 5.3
Private 0.0 0.4 1.8 1.1 2.3 3.4
Not Maintained 0.0 0.1 0.1 0.1 0.1 0.2
Road Miles ly Municipality
Dover 0.0 0.3 1.8 0.9 3.1 55
Durham 0.0 0.3 0.7 0.4 0.9 1.6
Newmarket 0.0 0.6 1.1 0.8 1.2 1.4
Madbury 0.0 0.0 0.2 0.0 0.5 0.7
Rollinsford 0.0 0.0 0.0 0.0 0.0 0.0
Exeter 0.0 0.0 0.0 0.0 0.0 0.0
Greenland 0.0 0.1 0.7 0.5 1.0 1.3
Newfields 0.0 0.1 0.4 0.2 0.4 0.7
Newington 0.0 0.1 0.2 0.1 0.2 0.3
Stratham 0.2 0.3 0.6 0.5 0.6 0.9
Total 0.2 1.7 5.7 34 7.8 124

These state roadways are primary easest and northsouth corridors during storm events requiring
evacuations. This assessment did not evaluate impacts of freshwater floodingland local and state roads
during heavy precipitationevents. It is widely reported (and experience of the local populatidhit many

local and state roads experience flooding in moderate storm condition®Relying on local roads as
alternative routes to the state roadways itssky. A more detailed floa assessment of the entire local and
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state road network is a necessary first step toward developing a comprehensive evacuation route plan for
the Great Bay region.

The C-RiSe assessmentalso evaluated the hydrologic and hydraulic function o& subse of priority
freshwater culverts ireach of the ten municipalities. Although not evaluated, tidallwerts are supporting
infrastructure for the roadway network thaare highly susceptible to flooding impacts. As sea levels rise in
the future, some tidakulverts may become submerged by flooding even at low ticend freshwater culverts
will be influenced by tidal flooding, creating hydrologic conditions these drainage systems were not
designed for.Detailed culvertassessment results areported below.

Culvert Assessment

Climate Ready Culverts Assessmemtips were preparedfor the ten Great Bay municipalities. These maps
show the hydraulic and aquatic organism passagetings of the 105 culved assessed under existing
precipitation conditions for the 1GQear, 25year, 58year and 10-year storm event. Figure 1deports the
total number of culverts receiving Passing, Transitional, and Failing hydraulic ratings for eetthin
period/storm event In a 10year storm event,roughly 30 percent of culverts fall into each of thtéhree
categories of fail, pass or transitional. In2b-year storm event, 46 percent of culverts fail, 24 percentgsa
and 30 percent are transitionalln a 50year and 100year storm event, greater than 5%ercent and 65
percent of culverts fail respeively.

FIGURE 1&ummary of culvert hydraulic ratings by return period/storm event

Rating 1Gyearstorm 25-year storm 50-year storm 100yearstorm
Failing 34 48 56 68
Passing 39 25 23 16
Transitional 32 32 26 21
Total 105 105 105 105

Note: A rating of Passmeans that the headwater depth is below the lowest tegf-pipe elevation of any culvert at the
crossing; a rating oFailmeans that the headwater depth is above the road surface; and a ratingrednsitional
means that the headwater depth is somewhere tyeeen these two elevations.

Refer to theClimate Ready Culverts Assessmerdps for the location and ratings for culverts in the ten
Great Bay municipalitiegzigure 15 reports the total number of culverts with Failing ratings for each return
period/storm event The number of failing culverts doubles from theylear storm event to the 10§ear
storm event.

Figure 16reports the total number and percentage of assessed crossings by Aquatic Organism Passage
(AOP) rating. Of the 105 assessed culverts, roughly 12% have full AOP capacity, 69% have reduced AOP
capacity, and 18% have no AOP capacity.
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FIGURE 15: Summaryrafinicipalculvert hydraulic ratings by return period/storm event

Number of FailingRoadCrossings by Municipality
Town # Crossings| 10yr 25-yr 50-yr | 100yr
Rollinsford 6 2 2 3 4
Dover 12 3 4 5 8
Madbury 9 3 4 5 6
Durham 10 8 9 9 9
Newington 10 3 4 4 5
Newmarket 12 2 4 5 6
Newfields 10 1 3 4 5
Greenland 11 3 5 6 7
Stratham 10 3 3 4 7
Exeter 15 6 10 11 11
Total 105 34 48 56 68

FIGURES6L Total number and percentage of crossings by Aquatic Organism Passage rating

Units Full AOP Reduced AOP No AOP* No AOP**
Quantity 13 72 1 19
Percentage 12.4% 68.6% 1.0% 18.1%

Note: AOP = Aquatic Organism Passage is the degree to which aquatic organisms are able to pass through a crossing. Grekn = Fu
AOP, Gray= Reduced AOPQOrange = No AOP, for all species except Adult Salmoniddink= No AOP, for any species including
Adult Salmonids.

Figure 17#eports the number of culverts by Agatic Organism Passage status feach municipalityRoughly
70 percent or greater ofmunicipal culverts show reduced AOBnd 19 percent have no AQOP

FIGURHE? Total number of crossings by Aquatic Organism Passage rating in each municipality

Town # Crossings Full AOP Reduced AOP No AOP* No AOP**
Rollinsford 6 1 3 0 2
Dover 12 2 8 0 2
Madbury 9 0 6 1 2
Durham 10 2 6 0 2
Newington 10 1 7 0 2
Newmarket 12 2 8 0 2
Newfields 10 2 6 0 2
Greenland 11 0 9 0 2
Stratham 10 1 7 0 2
Exeter 15 2 12 0 1
Total: 105 13 72 1 19
* No AOP for all species except Adult Salmonids
** No AOP for any species, including Adult Salmonids
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Historicand Recreational Resources

Figure18 reports historicand recreationaresources impacted by seéevel rise and storm surge flooding.

FIGUREIB: Historic Resources (# sites) impacted by skeael rise and storm surge at 2100

Sea Level Rise (SL.8cenarios SLR SLR SLR StRsth.).rVriet SI-_rRstLlo.anﬁet SI:rRsthfmeEt
1.7feet 40feet | 6.3feet
surge surge surge

Waterfront Commercial and na na 3 na na 4
Historic Districts

Water Access/Recreation Sites na na 4 na na 5
Outdoor/Recreation na na 2 na na 3
Total- Sites na na 9 na na 12

Note:oOnad = not

assessed

Historic Registeproperties Historic District sitesand recreational resourceaffected by flooding include:
91 Doverd Bay View Road: BadRiver andSamuel Emerson Farm

1 Durhamd Durham Hisbric District along Main Street antlewmarket Road

1 Exeter- Waterfront Gommercial Historic DistrictfFront Street Historic DistrictSwazey Parkway
Squamscott River water acceacility.

 StrathamdChapmandés Landi

boat | aunch.

ng

Natural Resources

Map: Water Resourcesnd Map: Land Resourceshow natural resources affected by sdavel rise and storm
coastal storm surge flooding in the ten Great Bay municipalitieiggure 19 reports the total number of acres

of natural resourcesffected by eachflood scenario.

FIGURHS: Natural Resources (acres) impacted by skeavel rise and storm surge at 2100

SLR 1.7eet | SLR 4.Geet | SLR 6.3eet
Sea Level Rise (S-Bcenarios SLR SLR SLR + storm + storm + storm
1.7feet | 4.0feet | 6.3feet

surge surge surge
Freshwater Wetlands (acres) 59 182 259 222 306 413
Tidal Wetlands (acres) 754 834 851 845 855 860
Aquifers (acresy 47 142 340 244 430 595
Wellhead Protection Areas (acres) 313 511 785 623 878 1,153
Conserved and Public Lands (acres) 304 610 928 758 1,026 1,277
Coastal Conservation PlaRocus Areas 625 1,040 1,474 1,244 1,610 1,978
Wildlife Action Plan (acres) 721 1,204 1,723 1,447 1,895 2,357
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Freshwater and Tidal Wetlands

The Great Bay region has three major tidal systetthe Great Bay estuary, Lamprey River, and Squamscott
River.Freshwater wetlands and tidal salt marsh in each of these river systems will be impacted by long term
sealevel rise. Barriers, such as roads, natural topography and development, will prevent inland migration of
saltmarsh over timeTidal wetland systemsare expected to experience the greatest impac®ver time, low
marsh may convert to mud flats and high marsh may convert to low marsh as these systems are inundated
by rising seasBased on the assessmg tidal marshes along the tidal floodplains of the Great Bay, Lamprey
River and Squamscott River may become open water as sea level rises, unless saltmarshes are able to keep
pace by building upward. Additional marsh migration modeling is needed to moaecurately predict the
condition of tidal marshes under different sekevel rise scenarios.

Wellhead Protection Areas

The C-RiSeassessment reports the occurrence séalevel rise and storm related flooding within designated
wellhead protection areas. Significant acreage within wellhead protection areas (municipal supplies and
public water systems) in ExeteNewfields and Strathamare within high rsk flood areas. Evaluating the
specific impacts of such flooding was not within the scope of this assessment. It is recommended that the
municipal public worksdepartments complete further investigation of possible flood impacts tdrinking
water sources. Although stratified drift aquifers are reported within the high risk flood areas identified, the
C-RiSeassessment did not evaluate potential impacts to private drinking water wells from salt water
intrusion as sedevel rises.

Critical Habitats

Figure 16 alsoreports the total acres of conservation lands and NH Wildlife Action Plan high value habitat
for the ten municipaities affected by each of the sedevel rise and storm surge scenarioExeter has
preserved substantialandsin its riparian corridors and shoreland3.hese lands will serve to accommodate
flood waters and rising seas over time which will greatly reducgacts to public and private assets.

Over time, coastal flooding may impact sensitive habitats identified in the Land Conservation PlaN féi0 s
Coastal Watersheds (2006) and the NH Wildlife Action Plan (updated in 2015). Such habitats include nesting
and breeding sites for shorebirds, tidal and freshwater wetlands, vernal pools, forests, sshmuib and
meadow landscapes.

Locally Significarfflatural Resources

Other locally important natural resources and environmental assets impacted by flooding include:
1 Doverd Bellamy River Wildlife Sanctuary, Bellamy River, Fresh Creek, Garvin Book, at the confluence
of the Lower Cochecho River and thgalmon Falls River, and the Piscataqua River
1 Durham & Wagon Hill Farm, Oyster River and its tributaries, and along the shoreline of Little and
Great Bay
1 Madbury d Bellamy River, Johnson and Bunker Creeks
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