
Right Size that 
Culvert!

A Practical Overview of Right-Sizing 
Considerations



1) Basic overview of NAACC. 
2) Understand basic stream principles 
3) Recognize common features of an 

Undersized Crossing
4) Recognize common features of 

Passage Barriers
5) Identify factors that guide Right 

Sizing Designs
6) Identify Resources for Assistance. 

Today’s To-Do List

QUESTION: HOW MANY CULVERTS DO YOU DRIVE OVER EVERY DAY?  
I cross 9 culverts on the 5 mile drive to school drop off!



NAACC Road Stream Crossing Assessments

• Methodology to Identify and Assess 
Road Stream Crossings. 

• Conducted by trained observers 
(SWCDs, DEC, Nonprofits: TU, TNC)

• Record features of crossings, ie:
• Location, 
• Size,
• Type,
• Condition, 
• Alignment
• Constriction

• Rate the passage capability of the 
crossing. 

• Serves as Level 1 Prioritization for 
future work.

• https://streamcontinuity.org/naacc



Anyone can 
access the data 
compiled about 
crossings in their 
area of interest. 



How to use the online NAACC Tool



Sort by any field

Lat/Long 
of crossing



https://streamcontinuity.org/naacc

• Great baseline information. 
• Identifies priorities. 
• Next steps: 

• Connect with highway 
supers,  

• Assess from a 
design/build standpoint. 

• Funding & Access are 
critical. 



Private 
property; 

difficult to gain 
access. 



Prioritization  - Multiple Objectives to Prioritize Sites

• Aquatic Passage
• Priority Watershed
• Miles reconnected
• Habitat Quality
• Brook trout value
• Freshwater Type
• WQ Standard 

Current Flood Risk
Future Flood Risk

• Maintenance Issues: 
(Wood, boulders)

• Public Safety Concerns
• Flooding 
• Failing structure 

(headwalls, 
wingwalls, road)

Ecological PriorityMunicipal Priority

Community Priority



• Public Safety Hazards
• Costly Maintenance
• Frequent Response/Maintenance Efforts
• Property Damage, and
• Habitat Disconnection

Trout and other aquatic organisms need 
connected streams to thrive and to 

complete their life cycle.

Access driveway required to 
hog out material -even in 
small events. 

Undersized culvert failed in 
large event and took road 
with it. 

What can go wrong with an undersized crossing?



Stream Basics: What is a Watershed?

Center for Watershed Protection

Stream appearance is a partly a function of watershed properties: 
LAND USE: ie, % forested, % developed, % ag
SOILS
SLOPE: Mountains? Rolling Hills? Flat?
SHAPE
PRECIPITATION



Streams are dynamic, living systems!

Stable streams 
convey flows and 
transport sediment 
without excessive 
erosion or deposition. 

They are stable for 
both the human 
community and the 
aquatic and terrestrial 
organisms that reside 
there. “Rivers and streams are more than mere conduits for water and fish.

They are long, linear ecosystems made up of the physical 
environment, communities of organisms, and a variety of ecological 
processes that shape and maintain these ecosystems over time.” 
(USFS Stream Simulation)



We can’t achieve 
good habitat unless 

we get the other 
steps correct.

By the time a 
stream can support 

good habitat, it’s 
stable for human 
purposes as well.



Streams move Water AND Sediment. 
A Stable Stream BALANCES water flow and sediment transport.

Water: 
Rainfall
Snowmelt
Stormwater
Drainage
Loss of Greenspace
EROSION OF BED 
AND BANKS!

Sediment: 
Streambank erosion
Streambed incision
Landslides
Surface erosion
DEPOSITION



Balances flows and sediment transport. 
Maintains dimensions and pattern in multiple storms.
Has access to a vegetated floodplain.
Vegetation creates roughness to slow flow. 
Bridge doesn’t squeeze channel. 

Floodplains spread out and slow down flows 
and trap sediment.

No Excessive Erosion or Deposition Present!

Stable Streams are good for everyone!

What does a Stable Stream 
Look Like?



Unstable: Over-wide
• Upstream erosion or bed 

failure. 
• Center Bar Deposition 

upstream of crossing where 
energy is low.

• Crossing acts like a dam.  
• Center bar splits channel 
• Both banks become 

unstable. 
• More sediment delivered 

downstream. 

Unstable: Deposition – Sediment Transport Problems. 

Undersized 
Pipe



Unstable: 
• Bed Scour (Incision) 

caused by  
undersized culvert.

• Stream is overly 
narrow, no 
floodplain, digs 
deeper.

• Wing Wall is 
collapsing. 

• When the bed fails, 
the banks fail. 

• Driveway and Road 
are at the top of the 
bank!

• Sediment delivered 
downstream.

Unstable: Incision (Bed Scour): Erosion Mobilizes Sediment. 



Floodplain Function: Slow it down! Spread it out!
• Vegetation creates roughness. 

Roughness slows down the water and traps sediment. 
• Slow water is less erosive!
• Floodwater spreads out and absorbs into the soil.
• No floodplain = more energy stays in the stream = more 

erosion = more sediment bars. 
• If this was bermed, the flow and sediment would be 

forced downstream. 

Top Priority: Reconnect to Floodplains!



No Floodplain:
• Channelized, 
• Moved to make 

room for a parking 
lot, 

• No floodprone area,
• Undersized culvert 
• Road floods, 
• Downstream home 

incurs flood 
damages. 



No Floodplain: 
• Incised channel 
• Flows cannot 

reach a 
floodplain; 

• Banks 
undermined.

• Property Damage
• Deposition above 

crossing. 
• HEADCUTTING 

VIDEO!





Headcutting

Undermining rip rap

Removal of beaver dam triggered a headcut that 
moved upstream into the tributary. Approx. 2’.



How Can You Tell if a Crossing is Undersized? 

STATE & FED: New Xing 1.25x BF Width!

Crossing is narrower than Bankfull width:
Bankfull width here is ~15’, but the pipe is 5’ 
diameter…

WHY BANKFULL?
• Channel forming flow
• Enable debris to pass without clogging. 
• Make crossing invisible to stream. 
• CAUTION: Wetted Width≠ Bankfull Width
• Find Bankfull width ABOVE the influence 

of the road. 



Undersized Crossing: Acts like a dam on upstream side.
Deposition at the inlet leads to post storm dredging.   



Undersized Crossing: 
Perched culvert: High Velocity at outlet = High Scour.

Water 
Surface 

Q = AV
↓XS area  ↑Velocity  ↑ Erosion



Oversized pool at outlet. 
Not a Barrier…yet – Important to work toward ensuring that the Replacement doesn’t become a Barrier!

Undersized Crossing



Prevention of a Barrier is Just As Important!

SMOOTH INTERIOR ROUND PIPES AT GRADE ARE VERY LIKELY TO BECOME BARRIERS!!!
High velocity through smooth culvert scours the outlet, erodes the bed and creates the barrier. 



Aquatic Organism Passage Barriers
• Perched culverts: Free fall >0.7 feet is not passable for most native trout. 
• High Velocity: Less than 3 feet/second is ideal. 
• High Turbulence
• Shallow Depth: Low flow channel in natural bed is ideal. 
• Long Distance (ie, length of pipe): The longer the pipe, the more difficult to make it through the barrel. 

Perched and 
shallow; no 
natural bed. 

Turbulence 

Perched– too 
high for fish to 
jump!

Perched and 
HIGH 
Velocity



ECOLOGICAL CONSIDERATIONS: HOW MANY MILES OF RECONNECTION ARE POSSIBLE?

1000’

Potential reconnection 
in a forested 
watershed: 3.5 miles!

Confluence
Undersized 

crossing: barrier

Headwaters



• Safe structure for the public.
• Provide capacity for future events. 
• Reconnected habitat for native species. 
• Limited maintenance needs. 
• Affordable installation. 
• Minimal disruption in road access.

• Stable stream reach.
• Make the crossing invisible to the stream. 
• Natural, stable bed with ample span to 

convey flows and debris. 
• Diverse bed features

Common Goals for a Right Sized Crossing



• Cost: Should not be first on list but 
economic realities exist!

• Bankfull Dimensions
• Capacity: Flow, Sediment, Wood
• Alignment
• Cover
• Utilities
• Access: 

• Municipal ROW  
• Landowner permission

• Time
• PERMITTING!

Considerations for Right Sizing a Crossing



Information to Collect: Site History

• Property Ownership
• Road ROW
• Wood
• Ice
• Flooding
• Road Closure
• Property damage (private 

and public)



Information to Collect: Longitudinal Profile

Calculate water surface slope 
of the existing channel over a 
distance of 20 BF widths. 

Capture above influence 
of crossing. 



• What size moves in which event?
• Helps calculate Shear Stress and Stream Power
• Helps determine what size boulders to use for 

grade controls. silt/clay sand gravel cobble boulder
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USGS StreamStats: 
• Free tool,
• Good starting point,
• Drainage Area, 
• Est. Bankfull dimensions,
• Peak flows. 
• Field Truthing is needed! 

Bankfull Dimensions:
• Difficult to identify 

bankfull in a degraded 
reach!

• Identify bankfull based on 
veg, sed, capacity, etc. 

State and Federal Permits: 
1.25x BF Width!

Information to Collect: 
Stream Dimensions



Bankfull Dimensions: 
Very hard to id in incised reach!!
• Incipient point of flooding. 
• NOT WETTED WIDTH!
• Depositional
• Look for stable reach
• This is not a reference! 
• Est. BF can be over-wide in an 

unstable reach!
• Document existing conditions 

above the influence of the 
crossing. 

Information to Collect: Bankfull Dimensions

Bankfull
~13’

Wetted Width 
~10’



StreamStats Flow Data: Estimates

1% = “100 year”

66.7% ~ BF Flow

Standard Error



Cross Section 
for Stream 
Dimensions

Put Profile, Pebble Count 
and Cross Section 
information together to 
calculate Forces and 
Power. 

BF Velocity ~4 ft/s 
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1+64, Hughes Brook, Federal Hill
Terrace – probably  used to be BF… 

If BF were here, V ~11 ft/s and Q ~450 cfs! 
From Equations, we know BFv should be 

<6 ft/s and BFQ should be ~50 cfs.



Capacity: Published Data From USGS StreamStats
What are the peak flows in the channel?
What can the existing structure convey? 
What will the proposed structure convey?

Capacity: On paper, this culvert can take the 50 year storm (2% storm)…but only if it isn’t blocked with trees. 
Sediment and wood transport are essential considerations in culvert replacements. 



HY-8 Program
(Federal Highway Admin)
Inputs for Existing Crossing
Est. Capacity at Road
Design for Proposed Structures.

Information to Collect: Culvert and Road Data



Wood: 
• Wood is a natural part 

of a stream; 
• Build a crossing that 

prevents wood from 
blocking the entrance



Is wood transport an issue at the crossing? 

Existing Crossing is undersized for Wood and Flows!
Consider a floodplain culvert to help with overflows.

Trees deposited in 
high water event. 



• Minimal cover is a 
common concern: 

• Road is on the box; 
• Not easy to raise road 

elevation for this site;
• Concrete box proposed 

to accommodate low 
cover.  

Cover



Alignment issues

How to address skewed alignment?
A wider span helps with alignment 
and wood transport. 



Access & Tree Removal (minimize)

ADDITIONAL RIGHT-SIZING CONSIDERATIONS

Utilities

Geotechnical: 
Bedrock Depth
Soil Bearing Capacity
Footer design

Construction 
Duration:

Permitting: 



Grade Controls
• Grade controls prevent headcutting. 
• Project USUALLY REQUIRES GC 

UPSTREAM AND DOWNSTREAM
• MUNICIPAL ROW
• LANDOWNER PERMISSION

• Place inside the new structure
• Construct with Rock or Logs
• Tie in critical to avoid outflanking
• Vertical spacing of GC is 0.7’. 
• Horizontal spacing is guided by the 

slope of the proposed bed. 
• Steeper beds need more structures. 
• Each structure consists of a step and 

a pool. 
• Provides bed diversity and cover. 
• Can be used to retrofit a crossing. 

In-Stream Structures



• Even if Class C, need a DEC Water Quality Cert. 
• Stream Classification
• Wetlands, 
• Natural Communities/Rare Plants or Animals
• Regulated Flood Hazard Areas may require HEC-RAS analysis.
• Cultural Resources
• Dam(s) in watershed; Hazard Level
• Dewatering Regs vary by Region and Watershed!

Permitting!



DEWATERING

Pump around is often required for the 
duration of the project.
Pump around must remain active during 
curing time.  



CRIS was developed by the New York 
State Office of Parks, Recreation and 
Historic Preservation's Division for 
Historic Preservation. 

Permitting: Cultural Resources



Permitting: Flood Zones: Work in regulated Flood Hazard Area may require HEC RAS

Quick check on Floodplains: 
FEMA Flood Map Service Center: 
Search By Address



USDA NRCS Web Soil Survey: 
First step in Soil Bearing Capacity for structures. 



Pipe Arch: 
• We look at these if the site has a bankfull of 13’ or 

less; 
• Bury the pipe to create natural bed; 
• Install with an excavator; 
• Requires 18-30” of fill depending on span. 
• Relatively low price; 
• Quick Install
• No Footers needed
• Rises are high so not ideal for sites with minimal cover.
• NOT FOR STEEP SITES!! 

Replacement Options



Single Radius Arch
• Good for creating wide span with natural bed. 
• Requires concrete footers 
• Cast In Place requires curing time.
• Extends duration of road closure. 
• Low price for structure relative to ABC and Concrete. 
• But, Footer costs vary based on local contractors. 
• Footer design usually based on Geotech. 
• Requires 18”-30” cover depending on span. 
• EXTENSIVE DE-WATERING REQUIREMENTS UNTIL 

CURE TIME COMPLETED. 

Replacement Options



Aluminum Box Culvert
Ideal for wide-span low rise scenarios. 
Can be installed with 1.4’ cover minimum. 
Can be installed with full invert which reduces construction 
duration. 

STATE REGS: NO BOTTOMS ON SLOPES >3%
If full invert is used (buried for natural bed): Max Cover is 4’
Not good for sites with more than 4.5’ cover!
MATERIAL More costly than SRA and PA; LABOR is easier. 
Place with an excavator. 
Concerns with durability voiced by some partners. 

Replacement Options



Concrete : 
• Ideal for wide span and minimal 

cover. 
• Requires a crane for installation. 
• Durable structure
• Most costly up front. 
• 3 sided on footers or 4 sided box 

allow for natural bed. 
• BURY THE BOX FOR A NATURAL 

BED!
• Use grade controls to hold bed 

material in place. 

Replacement Options

Smooth interior, still 
undersized, becoming a 

barrier



Pre-Fab Bridge (can be less than 20’ span)
• Ideal for wide span, low cover. 
• Pre-fab components can be installed quickly
• Competitive pricing with ABCs depending on required 

span. 
• Cover not an issue
• Good for sites with alignment issues. 
• Photo Courtesy Colin Lawson, Beebe River, NH

Bridges: 
• Any span >20’ is a “bridge” (NYS). 
• If Bankfull width is over 17 feet, then the 1.25x rule can 

result in a bridge. 
• If Drainage Area is ~ 0.75 square miles (~450 acres), a 

bridge may be recommended. 
• Bridges usually require more stringent design 
• Bridges require annual inspection to conform with NYSDOT 

requirements. 
• Cost:Benefit important especially on low traffic crossings. 

Replacement Options



CAUTION!!
• Each site is different with different challenges and constraints!

Avoid Multiple Pipes – prone to blockage. Smooth, round pipes set at-grade are common culprits 
in failures and barriers. 



Retrofitting: Restoring Connectivity in Existing Structure

Consider Downstream 
Grade Controls to 
restore a natural bed 
and reconnect the 
stream. 



• DON’T REPLACE A CULVERT 
BASED SOLELY ON COST! 

• ALMOST ALWAYS THE 
DRIVING FACTOR IN 
PERMANENTLY UNDERSIZED 
INFRASTRUCTURE! 

• FEDERAL/STATE/NONPROFIT 
ASSISTANCE LIKELY 
AVAILABLE.

Cost: Replacement is Expensive but there is help!



Funding for your Culvert Replacement

New York State Funding
NYS Department of Conservation Water Quality Improvement Project Program Grant

Climate Smart Communities Program Grants
State Support for Local Climate Action
Adaptation and Mitigation Projects

• Reducing future flood risk
• Preparing for future extreme events

Aquatic Habitat Restoration Projects
• Statewide projects to improve aquatic connectivity through culvert replacement of 

culverts considered an aquatic barrier
• Eligible Applicants – Municipalities, Soil and Water Conservation Districts, Nonprofits

No Ag Non-Point Source Abatement and Control Projects
• Statewide projects to improve water quality – culvert replacement address erosion caused 

by inadequately sized culverts.
• Eligible Applicants – Municipalities, Soil and Water Conservation Districts



Funding for your Culvert Replacement

Federal Funding Sources
FEMA Program

USFWS Fish Passage Program
Conserve America's Fisheries
• Aquatic Passage Projects – Brook Trout Focus
• Projects must meet permit requirements and improve connectivity in priority brook trout watersheds

Pre and Post Disaster Funding – NEW Building Resilient Infrastructure and Communities 
(BRIC) Mitigation Planning Funding

• Statewide and National Ranking of Projects – Tied to Hazard Mitigation Plans!
• New BRIC Program is focused on fostering NEW ways of thinking about mitigation planning
• Reduce vulnerabilities over the long term – Natural Based Solutions
• Flood mitigation - Partnerships
• Eligible Applicants – Municipalities ; September LOI, January Grant Deadline

Eastern Brook Trout Joint Venture
Aquatic Passage Projects – Brook Trout Focus
• Projects must meet permit requirements and improve connectivity in priority brook trout watersheds
• Coordinated with USFWS – VERY COMPETITIVE as projects are ranked across the entire Brook Trout 

Range of the East Coast.



Helpful References

USACE NATIONWIDE PERMITS



Questions?

Tracy Brown
Tracy.Brown@tu.org

Jacob Fetterman
Jacob.Fetterman@tu.org

Jo-Anne Humphreys
Joanne.Humphreys@tu.org. 

mailto:Tracy.Brown@tu.org
mailto:Jacob.Fetterman@tu.org
mailto:Joanne.Humphreys@tu.org

	Right Size that Culvert!
	Slide Number 2
	NAACC Road Stream Crossing Assessments
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Prioritization  - Multiple Objectives to Prioritize Sites
	Slide Number 10
	Stream Basics: What is a Watershed?
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Headcutting
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Prevention of a Barrier is Just As Important!
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Information to Collect: Site History
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	StreamStats Flow Data: Estimates
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Is wood transport an issue at the crossing? 
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Retrofitting: Restoring Connectivity in Existing Structure
	Slide Number 59
	Funding for your Culvert Replacement
	Funding for your Culvert Replacement
	Slide Number 62
	Slide Number 63

