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What This Presentation Connects

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

G Coastal exposure 6 Groundwater rise a 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

100 in 90 in 100 in

> 1. More water reaches the road system

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

2. Soil support can weaken

When subgrade soils stay wet, they can carry
Subgrade Layer traffic loads less effectively.

Groujdwater
T3ble

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

New Castle\ _
Roadway setting

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

interact.
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Surface Inundation: How Often Roads are Wet from Above
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How many days per year?

How long is each inundation event?

Which roads are more exposed?

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

Recovery period
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- Planning implication
Initial State Standing water dissipated Recovered
(baseline) (lowest RMSE) Maintenance and reopening decisions may

need to consider hidden weakening, not
only visible water depth.
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Rising groundwatr IS a hidden paway

‘From Pos: 1230655.021, 184811.959

To Pos: 1230734.282, 184822.83(

- Pavement surface
r T
o ... 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 G oy
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 Highwa
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
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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
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Protection
I Erosion Control/Wave Attenuation/Class 5

NNBF

Salt marshes
Beaches

Dunes

Living shorelines

Tradeoffs

Operations

Performance

Cost

Environmental benefit
Long-term uncertainty

Traffic routing
Temporary closures
Monitoring
Maintenance timing
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NNBF evaluation connects natural features to protective
functions such as storm buffering, wave attenuation,
erosion control, and resilience to sea level rise.

s,

3
g
5
z

50

U.S. Department of Transportation

Federal Highway
Administration




Toolkit as a Bridge from Models to Planning
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Mapped Pavement Condition: Rye Harbor Example

_______________________________

2.4 ft of SLR k

4 4

Why this map

- -

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

, 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.
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How the pieces support decisions

Climate and coastal Groundwater and . : :
Vulnerability and risk Planning output
exposure pavement response
—> —> —> —
Flooding, water levels, Hidden weakening, Which road segments Gray, green, Priorities,
storm conditions recovery, service life need attention operational options communication

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?
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Key takeaways

G 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?

. OB .nmos%,oq , U.S. Department of Transportation
Federal Highway
‘ Administration
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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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DRIVING QUESTIONS

If not, what is the cost of
redesigning to address the effect
of climate change?

Are stream crossingegulations
and guidelines accounting for thf
effects of rapid climate change”

_/ _/




PROJECT SCOPE

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

Create hydraulic models to
determine if they can manage
future storms

Cost analysis




HYDRAULIC
Crossing - Conway, Design Discharge - 261.1 cfs MODELING

Culvert - NH RTE 153, Culvert Discharge - 261.1 cfs
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W To account for the effects
of climate change by the
year 2100 the inlet
flowrates for each crossing
were increased by 15%

490

Elevation (ft)

> & &
=] g w
1 ] 1

W Model quality assurance
with Professional Enginee
, Joel Ballestero
II'LEIIIléjjjléllll1lnlllI1I5IIII2IDIII|2I5|III (Streamwork$andN|Ck
Seton Messina (CMS Engineers)

F -9
g




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
Outlet
Control

Inlet
Inlet
Inlet
Inlet
Inlet
Outlet
Outlet
Inlet
Outlet
Outlet

Original Altgrnative
Length Span Design Span
Increase (ft)
40 7 0
34 6 0
70 6 1
45 9 1.5
25 ) 1
36 8 N/A
60 8 N/A
45 20 1
82 20 N/A
30 4 N/A

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
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Oyster River
Topaz Dr, Barrington, NH

Project Period 20092023

Cost: ~$1M

Partners: NHDES, TNC,
HOA

Sizing: geomorphically
compatible
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CURRENT RESILIENT
PIPELINE

Rye | Spring 2027
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CROSSING PROGRAM GOAL.:

STREAMLINE CROSSING IMPLEMENTATION!
(PUN INTENDED)
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COASTAL WATERSHED
PILOT AREA

Check out the searchable map!

https://arcqg.is/1S5D1G



https://arcg.is/1S5D1G

Empower transportation, wildlife,
and environmental stakeholders to

create a robust, equitable, and muilti

NFWF NCRF

benefitpjpeline of stream
Budget: $997,685 crossing projects 1 n NHOS ¢
Timeline: June 202%Dec 2027 watersheds. Project will result in a
pipeline of at least 10 restoration
projects sized to manage the

100-year storm of 2100.




WHAT WEOLL BE OFFERLEXN

WwStaffing capacity at local RPCs,
OStream Crossi ng
for project development

WwCrossing Prioritization Tool and
associated trainings

wCrossingPlanning How -To
Guides

WENgineering 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.co
603.956.3874

Polly Perkins

pauline.f.perkins@des.nh.gov
603.848.2436
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CONCEPTUAL SECTION - PENHALLOW, SHERBURNE, SHAPLEY-DRISCO-PRIDHAM HOUSES

DATE: 5.5.2023
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Image Slide Example 2

Subtext here

w Bullet 1
w Bullet 2
w Bullet 3
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Our Past

Context

Wickie Rowland 2021



Context: Our Past
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