
Designing roads for fish, floods and foxes
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The Problem 2

Hydraulically Efficient culverts can have 
unintended and adverse consequences:

• Crossing narrower than natural channel
• Upstream sediment deposition
• Increased water velocity and downstream scour
• Risks of plugging from wood and debris



Site 7588 – Before Restoration Site 7588 – After Restoration *

Inlet

4.75’ Perched Round Pipe 16’ Bridge Span

Outlet

* Bridge composed of timber on steel beams. Revegetation to follow.



Span the stream

Set elevation right  

Slope matches stream

Substrate in the crossing

The Golden Rule:
Let the stream act like a stream
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Step 2: Field Surveys 





Span the stream

Set elevation right  

Slope matches stream

Substrate in the crossing

The Golden Rule:
Let the stream act like a stream
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Span the stream
(and exceed it where

possible)

BankFull Width=12ft

Design--Span



BankFull Width=12ft

Design--Span



2008 2010

Design--Span



Span the stream

Set elevation right:
• Use Long Profile to calculate 

Max Scour Depth and set 

footer and invert elevations

Slope matches stream
Substrate in the crossing

Design--Elevation



Looking downstream Looking upstream

Inlet Outlet
Step 3: Design--Elevation



 

Step 3: Design--Elevation



Design--Elevation



Span the stream
Set elevation right

Slope matches stream
• Use REFERENCE REACH

• to calculate slope of 
new crossing

Substrate in the crossing

Design--Slope



Design--Slope



Span the stream
Set elevation right
Slope matches stream

Substrate in the crossing
• Use REFERENCE REACH  to calculate 

substrate distribution and 
develop  a stream bed 
material mix. 

Design—Substrate



Check slope:
Seamless inlets and outlets

Design—Substrate & slope



Design—Substrate
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New channel cross section

20’

pre-restoration

post-restoration
2009 site

Photo by K. Mueller

This IS what it should look like when your done! 





Close to 50 percent of culverts shows 
positive fiscal benefits when replaced 
with ecological designed crossings.





Partnerships make the 
restoration world go 
round!

THANK YOU!

Any questions? 
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Commissioner
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• Permits
• In stream work window  (July 15-Sept 30)
• Controlling the water during  construction
• Sediment control
• Embedding
• Bedrock/Clay– do you need Geotech borings
• Road Control 

Installation

• Complicated legacy effects
• When you can’t find channel
• Tidal streams





Installation



• What volume of flow are we allowing for?

25-, 50-, 100- or 150-year storm event?

Can our structure pass this flow without creating 
too much turbulence or overtopping?

What is the Slope, Roughness & Tailwater
Geometry?

Hydrology



• 2-year through 500-year floods
• Average annual & monthly streamflows
• 7-day, 10-year low flow (7Q10)
• Regional lowflows
• Regional hydraulic geometry

Hydrology

http://streamstats.usgs.gov



HY-8

Hydraulic Modeling



Hydraulic Analysis: 

  

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Total Discharge 
(cfs) 

Culvert 
Discharge (cfs) 

Headwater 
Elevation (ft) 

Inlet Control 
Depth (ft) 

Outlet Control 
Depth (ft) Flow Type Normal Depth 

(ft) 
Critical Depth 

(ft) Outlet Depth (ft) Tailwater Depth 
(ft) 

Outlet Velocity 
(ft/s) 

Tailwater 
Velocity (ft/s) 

  

 100.00 100.00 95.67 1.847 2.039 3-M1t 1.265 1.177 1.881 1.881 3.855 5.945   

 215.00 215.00 97.01 3.104 3.377 3-M1t 2.058 1.959 2.545 2.545 6.159 7.172   

 

Hydraulic Modeling



Restoring River Processes Benefits All



The Problem 4

Which can lead to fill failure and large sediment inputs.

Hydrologist





Application: Stream Simulation Design 1
3

Culvert is wider than adjacent channel with a natural bottom 
and maintains Ecological Connectivity. 

Hydraulic variables used in stream simulation design:

• Channel width 
• Shear Stress
• Darcy Friction Factor

• Energy Dissipation Factor 
• Stream Power 
• Composite Roughness



©Taomeister, flickr Creative Commons

Eastern brook trout 

1. Inventory & Prioritize barriers 

2. Assess habitat (presence/absence)

3. Share technical support

4. Implement projects

5. Track and Share Lessons



To date: >16,000 points
75% of the state
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Maine Stream Habitat Viewer 



Barriers/Potential Barriers Across Surveyed 
Watersheds

25 %

49 %

26 %
6 %

53 %

41%


	Stream Smart Road Crossings
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Design Criteria
	 Field Surveys �Getting a good REFERENCE REACH is critical!�Short surveys mean failed culverts!
	 Longitudinal Profile
Used to find correct elevation and slope from a REFERENCE REACH
	X-Section from REFERENCE REACH 
	Pebble Count
	Design Criteria
	Span the stream
(and exceed it where possible)
	Slide Number 14
	Real World – Blanchard�Opps!!
	Design Rules of Thumb (4 S’s)
	Elevation problem indicators
	Slide Number 18
	A stream channel rediscovered!
	Design Rules of Thumb (4 S’s)
	Slide Number 21
	Design Rules of Thumb (4 S’s)
	Slide Number 23
	Substrate in the crossing
	Stream-Smart: Open Arch
	Slide Number 26
	Slide Number 27
	Ecological design saves the most money in headwaters!!
	Federal, State, Tribal, local, NGO & corporate partners
	 Installation
	Setting the structure 
	Controlling Water
	Hydrology & Hydraulics�Determine Flow Capacity
	Streamflow Statistics�
	��Step 6: Hydraulic Modeling�
	HY-8 Output
	Including our road budgets! 
	Slide Number 38
	x
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44

