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1.5 Professional Development Hours (PDH) — see follow-up email

You must attend the entire webinar.

Questions? Contact Andie Pitchford at TRBwebinar@nas.edu
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Registered Continuing Education Program. Credit earned on completion of this program
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AICP Credit Information

1.5 American Institute of Certified Planners Certification
Maintenance Credits

You must attend the entire webinar

Log into the American Planning Association website to claim your
credits

Contact AICP, not TRB, with questions




Purpose Statement

This webinar will provide proven methods of culvert design to minimize damage from
climate-related major storms, including the concept of stream simulation. Presenters will
discuss techniques to minimize pavement damage.

Learning Objectives

At the end of this webinar, you will be able to:

« Design culverts to simulate actual stream dimensions and function to reduce the risk of
failure during storms

« Better understand the design of low-volume roads and how their pavements may be
adapted to changing climate conditions
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Road-Water Interactions

Toward Climate Resilient Infrastructure
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Mark Weinhold, P.E.
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National Forest System
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Life Cycle Economics
(NCHRP 25-25 2017)
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Road-Stream crossings are ground zero
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MORE DOWNPOURS

Increase in Heaviest Precipitation Events

% CHANGE
(1958-2016)
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Source: USGCRP Climate Science Special Report 2017 CLIMATE co CENTRAL
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MORE U.S. DOWNPOURS

Annual 3" + Rainfall Days Compared to Average
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Principle 6b: More than water arrives at a pipe inlet
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Vulnerable Aquatic Species
187 THREATENED OR ENDANGERED
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Principle 7: Transcend the nomograph

Pipe Flow
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Hydraulic Design:

An old way of thinking

Road Surface

Design Flood
i Elevation

) Headwater
Depth (HW) Culvert
Height (D)
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USFS Methodology — Stream Simulation
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Stream Simulation Fundamentals

« Reference reach
— Simulate natural channel

— Bankfull cross section shape
and dimensions

— Channel slope

— Channel structure

« Geomorphic design

— Fits with and in equilibrium
with adjacent reaches

— Dynamically sustained over a
broad range of flows

— “Mobile bed in stable channel”
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Project Design Profile

North Thompson Creek
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Reach Concept ~ TEMPLATE
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Structure Selection —
Shape from Reference Reach XSECT
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Hydraulic Capacity Check

V.-

Diameter (D)

Q100 Elev

Headwater (HW)

HW/D < 0.8*
(20% Freeboard)

Always design with failure in mind — minimize consequences
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Green Mountain NF - Vermont
Tropical Storm Irene ~ 500-year Flood

Before (2010) After (2011)
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Chequamegon-Nicolet N.F — Wisconsin
~ Q500 Flood

Before (2009) After (2016)
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Cost Comparison

 Green Mountain National Forest examples demonstrate real
costs for upgrading to Stream Simulation Design Standards
ranged from 9-22% above conventional hydraulic design

e Similar data suggest that a 50% increase in structure width
results in 20% to 33% increase in total project cost (Gubernick
2011) from across U.S. Forest Service Lands

* Most cost comparisons are made a Year O, not extended out
to the 50-75 year time frame.

USDA FOREST SERVICE

Caring for the land and serving pEﬂp!E
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Cost-Benefit Analysis of Stream Simulation Culverts

Wisconsin DNR,
2014

Prepared by:

r Carl Christiansen
conventional naela Tiler
Matthew Landi
Eric O’Shaughnessy
Mallory Palmer
Travis Schwartz

Failure Rate

stream simulation

20 30
t (vears)
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COSTS OVER TIME

$250K §

$200K ¢

$150K ¢

e : Stream Simulation
$100K ¢ : ; Q25 Box

w/maintenance costs

' _ Traditional Culvert
350K ¢ 5 0 i w/ 25yrreplace interval
& maint. costs
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United States

STREAM SIMULATION: The Water/Road Interaction
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Impacts on LVR
Pavements with a
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What is an LVR?
Weather extremes
Pavement design issues
Other issues










Weather Extremes
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Pavement Design Issues

« Surface

 Base

* Subgrade

* Design changes

N
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likely to see less flooding and
droughts? True or False
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The three most important issu
for LVR pavement design?
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Subscribe to TRB Weekly

If your agency, university, or organization oo o

. TRB Weekly
perform transportation research, you and s
your colleagues need the TRB Weekly
newsletter in your inboxes!
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Each Tuesday, we announce the latest:
« RFPs

« TRB's many industry-focused webinars
and events
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Discover new
TRB Webinars weekly

Set your preferred topics to get the latest
listed webinars and those coming up soon
every Wednesday, curated especially for
you!

And follow #TRBwebinar on social media
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Supply Chain Risk and Resilience—Linking
Transportation and Economic Models

Thursday, October 6,2:30-4PMET

Disruptions to transportation supply chains can cause
cascading effects globally and socioeconomically. This
webinar will discuss leading-edge technologies and the
impacts logistics modeling with artificial intelligence and
resilience analytics can have on a larger scale.
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Get involved NATIONAL
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