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PDH Certification Information

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

You must attend the entire webinar.

Questions? Contact Andie Pitchford at TRBwebinar@nas.edu 

The Transportation Research Board has met the standards and requirements of the 
Registered Continuing Education Program. Credit earned on completion of this program 
will be reported to RCEP at RCEP.net. A certificate of completion will be issued to each 
participant. As such, it does not include content that may be deemed or construed to be an 
approval or endorsement by the RCEP.

mailto:TRBwebinar@nas.edu


AICP Credit Information
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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



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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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.



Questions and Answers

• Please type your questions into your webinar 
control panel

• We will read your questions out loud, and 
answer as many as time allows
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Today’s presenters
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Laura Fay
laura.fay1@montana.edu
Western Transportation Institute, 
Montana

Mark Weinhold
mark.weinhold@usda.gov
U.S. Forest Service

David Orr
david.orr@cornell.edu
Cornell University

mailto:laura.fay1@montana.edu
mailto:mark.weinhold@usda.gov
mailto:david.orr@cornell.edu


Road-Water Interactions
Toward Climate Resilient Infrastructure

Mark Weinhold, P.E.
Hydraulic Engineering / Hydrology

US Forest Service

Routt N.F Colorado



Access to Manage Natural Resources

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

National Forest System

193 MILLION ACRES380,000 MI LOW VOL ROAD
(65,000 STREAM CROSSINGS)



Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

“The road to development begins with the road”



15 million km
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

Photo: G. Keller



374 x
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Some guidance might be helpful…

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

Trishuli River, Nepal



Principle 1: Money builds roads; Geology and  
                 Climate decide if they stay

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Life Cycle Economics
 (NCHRP 25-25 2017)

Principle 2: Roads cost money…Forever
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Principle 3: Best predictor of failure is 
                       proximity to water

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Road-Stream crossings are ground zero

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Principle 4: Climate change has a language: Water

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Tornadoes and hurricanes

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Principle 5: Rivers play the long game
Corollary: Water always wins

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Principle 6a: More than water arrives at a pipe inlet
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



470 fish species

Principle 6b: More than water arrives at a pipe inlet
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

non-fish fish



210 amphibians

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles
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346 crayfish

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Vulnerable Aquatic Species

https://enviroatlas.epa.gov/enviroatlas/interactivemap/

(187 THREATENED OR ENDANGERED)

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Pipe 
Size

Flow HW/D

Principle 7: Transcend the nomograph
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Road Surface

Headwater 
Depth (HW)

Design  Flood 
Elevation

Culvert
Height (D)

Flow

Hydraulic Design:

An old way of thinking 

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Undersized Culvert Anatomy

culvert

road

road

Inlet
Transition

Outlet
Transition

Plunge
pool

Deposition 
zone
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Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Failure by abrasion

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Streams have something to tell us…

Diameter

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



(ESA inspired) culture shift
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Build a stream and put a lid over it

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

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”

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Project Design Profile

Sediment Wedge

Design 
Reach

Reference 
Reach

A

B

C

D
E

F
Plunge Pool

Similar Gradient, etc.

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Reference Reach Concept ~ TEMPLATE

Cross Section Shape

Bedform Type/Dimensions
(pools, riffles, steps)

Streambed 
Material 
Sizes

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Structure Selection – 
Shape from Reference Reach XSECT 

Final Road Surface

Lower Vertical 
Adjustment Line

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Same stream, different lid

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Key 
Pieces

Bed 
Material

Reference Reach

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Headwater (HW)

HW/D < 0.8*
(20% Freeboard)

Q100 Elev

Diameter (D)

Hydraulic Capacity Check

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

* Always design with failure in mind – minimize consequences



Before

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Before

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

Issues:
 Insufficient hydraulic capacity in a changing climate
Plugging by debris
Culvert wear – abrasion
Migration barrier for aquatic residents



After
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

Width Continuity



After
Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

Benefits:
Ample hydraulic capacity in a changing climate
Minimized plugging by debris
No abrasion on metal surfaces
Unimpeded passage for aquatic residents



Before (2010) After (2011) 

Storm Peak

Tropical Storm Irene ~ 500-year Flood

D. McKinley D. McKinley

Green Mountain NF - Vermont

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



Competed Channel Construction 2010 Post TS Irene September 2011

Chequamegon-Nicolet N.F – Wisconsin
~ Q500 Flood

Before (2009) After (2016) 

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles



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

• 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 0, not extended out 
to the 50-75 year time frame.



Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

Wisconsin DNR, 
2014

Cost-Benefit Analysis of Stream Simulation Culverts
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Search: USDA Stream Simulation 2008

Changing Paradigms Stream SimulationLow Volume Roads Resiliency Principles

Search: USDA Water-Road Interactions



Impacts on LVR 
Pavements with a 
Changing Climate 

David Orr, PE, PhD
Cornell University 
Local Roads Program



LVR & Changing Climate

• What is an LVR?
• Weather extremes
• Pavement design issues
• Other issues



Low Volume Roads & Streets





Weather Extremes







Pavement Design Issues
• Surface
• Base
• Subgrade
• Design changes
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10 year Expected Life

+ ½ to ¾ yr.

+ 1 to 1 ¼ yr.

+ ¾ to 1 yr.



















Other Issues











With a changing climate we are 
likely to see less flooding and 
droughts? True or False



With a changing climate, what 
do we need to change for LVR 
pavement design? 



The three most important issues 
for LVR pavement design? 



Thank You
david.orr@cornell.edu
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Upcoming events for you
December 11, 2023

TRB Webinar: Understanding 
Evacuation Behavior and Regional 
Resilience

December 12, 2023

TRB Webinar: Next Stop—Inclusive 
Virtual Public Involvement

https://www.nationalacademies.org/trb/
events

https://www.nationalacademies.org/trb/events
https://www.nationalacademies.org/trb/events


Spread the word and subscribe!
https://bit.ly/ResubscribeTRB
Weekly 

Subscribe to TRB Weekly

Each Tuesday, we announce the latest:

• RFPs

• TRB's many industry-focused webinars 
and events

• 3-5 new TRB reports each week

• Top research across the industry

If your agency, university, or organization 
perform transportation research, you and 
your colleagues need the TRB Weekly 
newsletter in your inboxes!

https://bit.ly/ResubscribeTRBWeekly
https://bit.ly/ResubscribeTRBWeekly


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!

https://mailchi.mp/nas.edu/trbwebinars

And follow #TRBwebinar on social media

https://mailchi.mp/nas.edu/trbwebinars
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Get involved 

• Become a Friend of a Standing Technical 
Committee 

Network and pursue a path to Standing Committee 
membership

• Work with a CRP 

• Listen to our podcast

https://www.nationalacademies.org/podcasts/trb

https://www.nationalacademies.org/trb/get-involved 

https://www.nationalacademies.org/podcasts/trb
https://www.nationalacademies.org/trb/get-involved


We want to hear from you

• Take our survey

• Tell us how you use TRB Webinars in your work 
at trbwebinar@nas.edu
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