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What This Presentation Connects

A high-level view of several project pieces, translated for planning and community resilience.

0 Coastal exposure o Groundwater rise c Pavement performance
Where and how long roads may How the water table moves How moisture changes the support
experience flooding as sea level upward under and near coastal beneath traffic and shortens
rises. roads. pavement service life.

How coastal infrastructure and How the toolkit helps users

NNBF can reduce exposure or compare scenarios and

consequences. alternatives.
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Why coastal pavements matter

Roads are the visible part of a larger coastal resilience system.

Community access

Coastal roads connect homes,
businesses, schools,
emergency routes, and
recreation areas.

Hidden vulnerability

Damage can begin below the
road surface before the
pavement looks visibly
distressed.

Long-term cost

More frequent wet conditions
can increase maintenance
needs and shorten the useful
life of pavement.
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What sea level rise changes beneath a road
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1. More water reaches the road system

Storm surge, high tides, rainfall, and future sea
levels can increase wet periods.

2. Soil support can weaken
When subgrade soils stay wet, they can carry
traffic loads less effectively.

3. Recovery can take time

The pavement may need time to drain and regain
support after flooding ends.
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Study focus in New Hampshire
YRS

New Castle\ .
Roadway setting

The project focuses on coastal road segments where flooding,
groundwater rise, shoreline exposure, and pavement condition

interact.
Inputs Outputs
Sea level rise scenarios Service-life curves
Flood days and duration V ili
ulnerability maps
I(:)Broundwfjf’tetr detpth Washout and bearing risk
avement structure Adaptation comparison

Traffic volume

Legend Move from “a road might flood” to “which segments are

Political vulnerable, why, and what options could reduce risk.”
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Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap
contributors, and the GIS User Community




Surface Inundation: How Often Roads are Wet from Above

LEGEND
High SLR Scenario How many days per year?

Annual Flood Hours
® 1-148

148 - 429

429 - 823

823 - 1262 . . .
1262 - 1699 How long is each inundation event?
1699 - 2186
2186 - 2623
2623 - 2976
2976 - 3341
3341 - 3699
3699 - 4064 Which roads are more exposed?
4064 - 4484
4484 - 5241
5241 - 6514
6514 - 8642
— Road Centerline

@0 C@®o®00O OO

210010.5% AERRSLR Scenario, ¢

Imagery: Google Satellite

For pavement performance, exposure duration
matters because longer wet periods can increase
moisture in the pavement system
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After Surface Flooding: the Road May Still be Recovering
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Initial State Recovered

Standing water dissipated
(baseline)

(lowest RMSE)

Recovery period

The time after flood water leaves the
surface, while moisture inside the
pavement system is still returning toward

normal.
During Surface Traffic Subsurface
flood clears resumes drains

Planning implication

Maintenance and reopening decisions may
need to consider hidden weakening, not
only visible water depth.
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Rising groundwater is a hldden pathway

‘From Pos: 1230655.021, 184811.959 To Pos: 1230734.282, 184822.83(

- Pavement surface
T
,,,,,,,,,,, R ... 63ftSLR

NH8S SP1_Endgrd
m— NH88_SP3_End.grd
s NH89_SPS_End grd

Why this matters

A road section can be affected even when there is no
standing water on the pavement surface.

What the model provides

Projected groundwater elevations that can be linked to
pavement structure and performance.

The color of the dots from white to dark red represents a projected water table depth from 5.5 feet (1.7 m) to . e O, FonsponCo
less than 2.5 feet (0.8 m), respectively, for (a) 1.3 feet (0.4 m) SLR, (b) 2.4 feet (0.7 m) SLR, (c) 4.2 feet (1.3 Federal nghwcv

m) SLR, and (d) 6.3 feet (1.9 m) SLR. Road sections with red dots are vulnerable to premature failure from \ ’ Administration
shallow groundwater.




Pavement Life Curves Translate Impacts into Service Life

PSI

PSI Trend over Years

4.5
4.0 -
= Normal Days

3.5 =
3:0 -
2.9
2.0 -
1.5 A1 No GWT PSI

With GWT PSI
1.0 A GWT and Flood (40 days) PSI === -

GWT and Flood (80 days) PSI
g PSI = 4.2

PSI = 1.0
0-0 ] L] ] L]

2 - 6 8

Year

What is PSI?

Pavement Serviceability Index, a simple way to
represent pavement condition or ride quality over time.

What the curve shows

As wet days increase and groundwater rises, the
curve can drop faster and the road reaches terminal
condition earlier.

Why it helps
A curve gives a common language for comparing

baseline conditions, future climate scenarios, and
adaptation options.
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Adaptation Includes Existing Natural Protection and Future Options

NNBF

Salt marshes
Beaches

Dunes

Living shorelines

Operations Tradeoffs
Traffic routing Performance
Temporary closures Cost _
Monitoring Environmental benefit
Maintenance timing Long-term uncertainty

; Protection Protection

8 ‘- Erosion Control/Wave Attenuation/Class 5 21 I Erosion Control/Wave Attenuation/Class 5
;- Erosion Col i to SLR/Class 1 - Erosion Co to SLR/Class 1 . .
i-::r;:;zﬁssz B e NNBF evaluation connects natural features to protective
!g i : z:::: Buﬂer/Resnllen; to SLR/Class 3 - u‘ = j ::::: Buﬂer/Resmeni :o“s;.;?l::lass 3 . 0‘ fu nCti ons Suc h as Storm bu fferi ng ’ wa Ve atte n uati On ’
— 0" 750 1500 3000 etrs - N ol 0 oI5 1T 9600 N ¢' erosion control, and resilience to sea level rise.
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Toolkit as a Bridge from Models to Planning

PSl curves

¢« C [6 m J— URL

nosa-esir-toolkitstreamlitapp
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( Input Panel < \

Input Parameters

Pavement Info

Output Panel

Input Information

Pavement Configuration

i

Groundwater Rise and Flooded days

surface Layer
base/subbase Layer
® subgrade
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What users change

Pavement, traffic, groundwater,
flooding, and adaptation assumptions.

PSI
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— Base scenario
1linsurface overlay
Hardening base layer

Seawall to reduce flooded days

What users compare

Projected life curves and scenario
differences for screening decisions.
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Mapped Pavement Condition: Rye Harbor Example

_______________________________

Why this map

It shows where the road condition changes along the
corridor, not only a single curve or summary bar.

o

, What the result suggests

Under 2.4 ft SLR, most segments remain stable through
year 5, with localized degradation by year 10.

High SLR scenario

Initial
Under 6.3 ft SLR, more segments show accelerated
deterioration by year 5 and widespread damage by year 10.

E b

———————————————————————————————

spatial outputs help identify vulnerable segments that need earlier maintenance, phased upgrades, or adaptation evaluation.
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How the pieces support decisions

Groundwater and
pavement response

—> —> —>
Hidden weakening, Which road segments
recovery, service life need attention

Climate and coastal

Vulnerability and risk
exposure

Flooding, water levels,
storm conditions

Gray, green,
operational options

Practical planning questions the toolkit can help frame

Which segments are most exposed?

Which mechanisms matter most?

Which alternatives may reduce vulnerability ?
What additional data should be collected?

Planning output

—
Priorities,
communication
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Key takeaways

’ Climate impacts reach below the road surface.

Flood recovery time matters for pavement performance.
° Adaptation can combine engineered structures and NNBF.

The toolkit helps translate research into planning information.

Thanks for your attention, and Questions?

mf‘“hﬁu MMOS%%«% U.S. Department of Transportation
' Federal Highway
>~ 4 ‘ Administration




Session 2 - Concurrent Presentations

Resilient Structures
Location: Room 2

Evaluating Coastal Pavement Performance and
Adaptation under Sea Level Rise in New Hampshire - Wei
Sun (UNH)

Climate Resilient Stream Crossings:
Are We There Yet? - Polly Perkins

(NHDES) and Patrick Jackson (Underwood
Engineers)

Building Resilience can be Fun and Engaging at a Vulnerable
Living History Museum - Rodney Rowland (Strawbery Banke Museum)



Climate Resilient Culverts:
Are We There Yet!

Patrick Jackson | Underwood Engineers | Project Engineer

Polly Perkins | NHDES | Coastal Program | Watershed Management Specialist
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TODAY’S PRESENTATION

UNH Resilient Crossing Study
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DRIVING QUESTIONS

Are stream crossing regulations
and guidelines accounting for the
effects of rapid climate change?

J

If not, what is the cost of

redesigning to address the effects

of climate change!

J




PROJECT SCOPE

Review 20 municipal and
NHDOT crossings built in the
past 5 years

Create hydraulic models to
determine if they can manage
future storms

Cost analysis
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Crossing - Conway, Design Discharge - 261.1 cfs
Culvert - NH RTE 153, Culvert Discharge - 261.1 cfs
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HYDRAULIC
MODELING

a1 To account for the effects
of climate change by the
year 2100 the inlet
flowrates for each crossing
were increased by 15%

3 Model quality assurance
with Professional Engineers
Joel Ballestero
(Streamworks) and Nick
Messina (CMS Engineers)



Site

Wakefield
Acworth
Alton
Auburn
Conway
Eaton
Hancock
Jefferson

NHDOT FINDINGS

Hydraulic

Vulnerability

Pass
Pass
Overtops
Overtops
Overtops
Overtops
Overtops
Overtops

Springfield Overtops

Meredith

Overtops

Inlet or Original Alternative
Outlet Length Span
Control Increase (ft)
Inlet 40 I 0
Inlet 34 6 0
Inlet 70 6 1
Inlet 45 9 1.5
Inlet 25 5 1
Outlet 36 8 N/A
Outlet 60 8 N/A
Inlet 45 20 1
Outlet 82 20 N/A
Outlet 30 4 N/A

Design Span Original Cost

$252,000
$183,600
$420,000
$364,500
$112,500
$259,200
$432,000
$900,000
$984,000
$72,000

New Cost

$252,000
$183,600
$490,000
$425,250
$135,000
$259,000
$432,000
$945,000
$984,000
$72,000

Cost Increase

0.00%
0.00%
14.29%
14.29%
16.67%
0.00%
0.00%
4.76%
0.00%
0.00%



CONCLUSIONS
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Lubberland Creek

Bay Rd, Newmarket, NH

Project Period: 2015 -2019

Cost;

Partners:

Sizing:

~$400K

NHDES, TNC,
Newmarket

3.74’ SLR &
|00yr of 2100
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Oyster River § . _‘ gt
Topaz Dr, Barrington, NH S e T

W W

Béfore:‘ 9.5ft

#

Project Period: 2009-2023

Cost: ~$IM

Partners: NHDES, TNC,
HOA

Sizing: geomorphically
compatible

- 4 X
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& After: 50ft




CURRENT RESILIENT

PIPELINE

Rye | Spring 2027

Stratham East & West | Fall 2026

Rollmsford /

Dover

Madbury
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Atlantic Ocean
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@ lidal Crossing Locations
[1 NI Coastal Zone Towns
3-mule limit

[ NH Tidal Waters
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CROSSING PROGRAM GOAL:

STREAMLINE CROSSING IMPLEMENTATION!
(PUN INTENDED)
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Check out the searchable map!

https://arcg.is/ IS5D | G



https://arcg.is/1S5D1G

NFWF NCRF

Budget: $997,685
Timeline: June 2025 — Dec 2027

Empower transportation, wildlife,
and environmental stakeholders to
create a robust, equitable, and multi-
benefit pipeline of stream
crossing projects in NH’s coastal
watersheds. Project will result in a
pipeline of at least 10 restoration
projects sized to manage the

100-year storm of 21/00.



WHAT WF'LL BE OFFERING

aStaffing capacity at local RPCs,
“Stream Crossing Navigators”
for project development

1 Crossing Prioritization Tool and
associated trainings

a1 Crossing Planning How-To
Guides

adEngineering technical assistance




PROJECT TIMELINE

Soft launch of Prioritization Tool. Tool available Workshops
Reach out to your local RPC to learn how you online for all to toleamhowto usethe I the future:
can get invalved in creating and using the tool. use. tool Stream Crossing
Grant Program
Moy-November, 2025 January, 2027 Jonuary-September, '

2027 November, 2027




THANK YOU!

NEW HAMPSHIRE
— DEPARTMENT OF

Environmental
— S EI'VICES

Patrick Jackson

PJackson@underwoodengineers.com

603.956.3874

Polly Perkins
pauline.f.perkins@des.nh.gov
603.848.2436




Session 2 - Concurrent Presentations

Evaluating Coastal Pavement Performance and
Adaptation under Sea Level Rise in New Hampshire - Wei
Sun (UNH)

Climate Resilient Stream Crossings: Are We There Yet? -
Polly Perkins (NHDES) and Patrick Jackson (Underwood
Engineers)

Resilient Structures

Location: Room 2 Building Resilience can be Fun and

Engaging at a Vulnerable Living
History Museum - Rodney Rowland
(Strawbery Banke Museum)
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CONCEPTUAL SECTION - PENHALLOW, SHERBURNE, SHAPLEY-DRISCO-PRIDHAM HOUSES

DATE: 5.5.2023
VERTICAL SCALE: 1/8° « 1'-0
HORIZONTAL SCALE: NTS

FFE « FINISHED F
BOS - BOTTOM OF RUCTURE ELEVATION
RIM « UTILITY STAU! ATION

SHERBURNE FLOO
0.8 SHOWN ON IV
NOTE FEMA UPDATED FL

‘FUTURE' 500-YEAR FLOOD: 13'
500-YEAR FLOOD: 10'
— 100-YEAR FLOOD (BFE): 9'

FFE =11.11'
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Image Slide Example 2

Subtext here

e Bulletl
e Bullet?2
e Bullet3
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Our Past

Context

Wickie Rowland 2021
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Context: Our Past

Walker Coal Bag

Ca. 1930-50

Strawbery Banke Museum
Gift of Cameron Russell Holt-

1800 - England mined and used 10 million metric tons.
Early 1800s the US produced about 178,000 tons.
The amount of carbon in the atmosphere worldwide stood at 280 parts per trillion.
1850, US coal production had grown to 8.4 million tons.
1918 that had grown to 604 million tons.
1932 the US produced 360 million tons -
The atmospheric carbon registered 310 parts per trillion.
Since then, US production is at 775 million tons.
The atmospheric carbon is a 413 ppt — and rising.



Context: Our Past

WHITE PINE

AMERICAN HISTORY AND THE

TREE THAT MADE A NATION







Potential Adjustments

REDUCING IMPERVIOUS SURFACE SF
1-Reduce parking spots
(129 existing; 107 max used; 133-26 proposed)

« L\ s 2 TAURANT
EXPANDING STORMWATER CAPTURE CAPACITY 5 V \ YN \ > IHGLLOT
2 - Eliminate raised landform to expand basin \ ‘
3 - Use wall (gabion) in lieu of slope to expand basin
4 - Expand basin north into event lawn area
(limit: archaeological features)

5 - Expand basin east toward Marcy St

6 - Put pavilion on piers to expand basin underneath ! ) /| Y b Y

i)
e |

STRAWBERY BANKE MUSEUM
Concept Design > SCHEMATIC DESIGN




Site Constraints & Project Goals

(Blue items new for Schematic Design phase)

1- Maximize parking capacity
129 existing: 107 max used; 133 proposed

2 - Meet fire truck and bus access
requirements

3 - Raise grades to fit soils excavated
from basin

S1079ONIMYYd (V)

4 - Maintain access to Marcy St and
Hancock St

5 - Maximize event tent capacity
6 - Do not infringe on archaeological sites

SNMYT (8)

7 - Maintain rink size
13,200sf existing; 12.840sf proposed (99%)

8 - Maintain relationship to existing
buried infrastructure as possible

Header, light poles

9 - Improve rink access from Visitor
Center

10 - Meet rink installation and
maintenance requirements

11 - Locate pavilion near Visitor Center to
create massing

12 - Provide covered shelter, room for
events, group visitors

13 - Reference historic dock character

14 - Provide ADA accessible access from
parking lot and Marcy St

15 - Relocate fire pit

16 - Maintain existing terrace

17 - Based on new survey, expand
stormwater capture capacity to mitigate
site flooding for current and projected
storm events from multiple sources:
rainfall on Puddle Dock area and from
overall site runoff

YILYMWYOLS (3)

18 - Limit excavation to -2ft below
existing grades

19 - Keep all excavated soils on site

STRAWBERY BANKE MUSEUM
Concept Design > SCHEMATIC DESIGN

Design Implications

+ Main Lot footprint has grown
northward

= NW corner of Main Lot is located
to allow fire hose access (100" to

hookup)_l_

+ Lawnareas are graded to be level
with retaininF walls at basin that
trace archaelogical site shapes

Rink shape is based on its
current location

Rink elevation is raised to meet
maximum accessible slopes
from Visitor Center. Keeping rink
level requires retaining walls

~10ft buffer is shown around rink
footprint for installation

New Zamboni shed and access
are shown north of rin&l_

Parking lot connection to entry
happens closer to the Visitor
Center, which is at a lower grade
(limits parking lot elevations)

New terraces and roofs create a
cohesive arrival space between
anew pavilion and the Visitor
Center

Boardwalk connects arrival
terrace to Marcy St

Stormwater basin and

rain garden footprints are
maximized while maintaining
required program areas




Historic Wharf Vernacular
plan

N

) DY) \/ ol v STRAWBERY BANKE MUSEUM
Placework TE



PRECEDENT PROJECT

c Stranbery Banke Docks

Historic Wharf Vernacular
dock-inspired pavilion + landscape

l’lilCC\\'()l'l{ STRAWBERY BANKE MUSEUM

PORTSMOUTH, NH
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FOX POINTE

«,/4’\ STORMWATER RUNOFF A

WILDLIFE WELCOME!

often brasch to reembie

b oot

VILLAGE OF
LANSING

Plants are crucial to our pollution reduction practices.
Bio-retention Basins planted with native trees, shrubs,
forbs, grasses, and sedges that you see here
adjacent to the parking lot filter contaminated
rainwater run-off from the parking lot.

WHAT IS A
BIO-RETENTION BASIN?

The planted depression planted next to this
parking lot is known as a “Bio-Retention
Basin.” It was put here to help keep our
environment cleaner and healthier. Every
time it rains, grime, oil, grass clippings and
fertilizers are washed off the parking lot

The plants catch and filter out these water
contaminants rather than funneling them
straight through a storm pipe and into the
lake and river. Deep-rooted plants eat up
excess algac-growing nutrients and help
water to be re-absorbed back into the soil
The result is a cleaner, healthier environment

for you to enjoy.

THE BENEFITS INCLUDE:




“‘v »

Think Blue! What can YOU do?

See how many of these suggestions from the City of Portsmouth DPW Water-Stormwater Division you can adopt!

START Replace your toflet with & new. water-efficient
one. Many places, ike Portsmouth, offer rebates.
Save 10 gals per day.
<Install low-flow showerheads. Take showers.
instead of baths and keep them under § minutes.
~rodovad - Turn oft the water whie brushing your teeth
% shaving and while lathenng your hands.
Save 7 gals a day
+Avond over fertiization that mxreases
plants’ need for water and adds.
nitrogen 1o stormwater runcit.
+Use muich around plants to retain wate
repel woeds, moderse temperste nd. @)
avoid erosion

~Compost
Add organic waste from your kitchen to a
compost ple that forms & nutrient-rich sod

20284 to your garden

. bodes/wetiands.
+Don't dump waste in storm drains. Use ieaves as muich and compost or collect
= e bRt —
events. Anad  Aniba

Aluadli ABumdli  atyour town's cobection day

CERTIFIED
EARTH ¥
FRIENDLY
GARDEN®#
This property fulfills the

principles of
landscape sustainability

Select appropriate plants. &> Nurture the soil. i>
Practice ible pest manag #e> Protect wildlife.

Conserve water and protect water quality. %> Conserve
energy and protect air quality. #> Reduce waste. f&>

www.MasterGardenerSD.org







Rodney Rowland

Director of Environmental Sustainability
rrowland@sbmuseum.org

Visit: 14 Hancock Street
Mail: 17 Hancock Street
Portsmouth, NH 03801

STRMBERY https://www.strawberybanke.org/sea-level-rise
BANKE 2
NEW HAMPSHIRE
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