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Map of National Forest Lands

https://store.usgs.gov/fsmaps


Forest Service Statistics:

597,700 km of System Roads

357,056 km of Perennial Streams

≈65,000 road-stream & road-river crossings



Anatomy of an undersized culvert
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All  failures (319)

Mass  wasting (229)

Surface  erosion (90)

Reference Link

https://www.fs.usda.gov/eng/road_mgt/appendix2/app2-d.pdf


Fragmentation and isolation

Primary Cause of Species Decline



The Stream Simulation Methodology Process:

Analyze the longitudinal profile of the stream to find a REFERENCE REACH. 

1. Based on GRADIENT of thalweg

DESIGN PROFILE: 

ties downstream to 

upstream through 

the crossing using 

stable features in 

the stream. 

S = 1.96%

The REFERENCE REACH gradient closely matches the DESIGN PROFILE. 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsm91_054564.pdf


The Stream Simulation Methodology Process:

2. Copy the REFERENCE REACH

✓ Cross Sections

▪ Bankfull width

▪ Floodprone width

▪ Bank Height

✓ Stream Features

▪ Pool-forming features (bends, 

steps, constriction)

▪ Pool lengths & Depths

▪ Riffle lengths

✓ Streambed Material

pool

riffle



The Stream Simulation Methodology Process:

3. Select a structure to fit the stream

width plus banklines connecting

downstream to upstream. 

*Verify design flood stage; no pressurized pipes



The Stream Simulation Methodology Process:

4. Create Construction

    Drawings



Stream Simulation Outcomes

• Replicates the natural channel

• Provides passage for aquatics & terrestrials

• Facilitate the natural process to, minimize 
maintenance, reduce failure liability, & 
reduce future resource damage



1.2 m CMP

5.4 m x 1.16m – Completed 2014

Comparison Hydraulic 
Design

Geomorphic 
Design

Design Life
(not including 
failure)

25 – 50 yrs 75 – 100 yrs

Maintenance Seasonal 0 - minimal

Ecologic & 
Economic

Fractured 
Habitats, 
Sediment Loads

Unimpeded Access

https://www.ncwildlife.org/Portals/0/Fishing/documents/AOP_Poster_FINAL.pdf
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https://afspubs.onlinelibrary.wiley.com/doi/full/10.1080/03632415.2013.874527


Climate Change Research for the U.S.

With climate change, extreme flooding is becoming more common.

ClimateCentral.org

https://medialibrary.climatecentral.org/resources/more-downpours-2018
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Thank You 
Free Flow 2024

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsm91_054564.pdf
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