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I. Introduction 
ü Why are stream crossings a BIG deal? 

 

Å Monitoring results tell us that crossings often have 
problems (~20%) and that a high percentage of 
sediment delivery to streams occurs at or near 
crossings. 

 

Å Crossings are built in risky locations subject to 
large environmental stressors. 

 

Å Crossings are built with planned failure in mind. 

 

Å Crossing structures have an expected life. 

 

Å Crossing design, installation, or maintenance is 
often inadequate. 

No such thing as a ñpermanentò culvert crossing 







II. Types of Crossings 

Available 



Types of Crossings 

A. Culverts 

B. Open Bottom Arches 

C. Bridges 

D. Fords 

E. Temporary Crossings 

ï Temporary Fords [e.g., Spittler 
log fill, rock fill, etc.] 

ï Temporary Culverts 

ï Temporary Bridges 

 
 No Permanent Humboldt Log Crossings 



Which One Should I Use?    
Depends oné 

ÅWatercourse class (e.g., fish present?). 

ÅWatershed drainage area and expected size of 
100 year flood flow. 

ÅChannel slope; landslide susceptibility. 

ÅMaintenance expected. 

ÅAmount and type of traffic expected. 

ÅRoad type (permanent, seasonal, temporary). 

ÅAmount of wood and sediment expected to 
reach the crossing location. 

ÅTopography at the crossing site (incised or flat?). 

 

 



A. Culverts 

ÅCulverts in forest settings very common 
(~70% of crossings)--mainly steel or plastic. 

 

ÅAluminum not used as much since the mid-
1980ôsðtoo expensive.  At that time, plastic 
pipes became available.   

 

ÅPlastic now used heavily (particularly up to 
48 inchesðespecially in the Coastal 
Mountains).   

 

  



A. Culverts 

ÅProôs 
ïGood for small, non-

fish headwater 
streams where 
winter maintenance 
is possible and will 
occur.  

 

ÅConôs 
ïRequire lots of 

maintenance! 

ïSteel--expected life 
often only ~25 years 
(typical range 20-50 
years). 

ïRelatively high 
probability of failure, 
especially from 
sediment and woody 
debris. 

ïBad for fish passage. 



Steel 48 inch Culvertð

Mendocino County;   

projecting inlet 



Plastic 18 inch Culvertð

(single wall); Humboldt County 



Double Wall 

Smooth-Invert 

Plastic Pipe- 

High Density 

Polyethylene 

(HDPE);   

Western Oregon 



Plastic Pipe Proôs and Conôs 

Å Caltrans expects a minimum life of 50 years for HDPE pipes exposed 
to sunlight. UV damage is generally not a concern (may be 75+ yrs).  

 

Å Benefits that HDPE pipe have over CMP include: (1) light weight, (2) 
ability to be cut with hand tools (saws, chainsaws, etc.) that donôt pose 
a large fire hazard, (3) abrasion resistant, and (4) resistant to corrosion 
due to low pH soils. 

 

Å Double-walled pipes are very common now and provide:  
ï more rigidity to accommodate higher static (overburden) and dynamic 

traffic loads. 

ï a lower roughness (n) value to increase the conveyance capacity of the 
pipe (about the same as a concrete pipe). 

 

Å Problems: (1) increased flow velocities on inclined culverts; and (2) 
significant energy dissipation structures are often needed below 
HDPE pipes.  

 

Å Biggest problem:  Fire Damage. 
 

 



Holes left where 

plastic culvert 

burned in small 

drainages  

Roca/Rosa 2007 

Fires 

San Diego County 

Photo:  R. Eliot, CAL 

FIRE (retired) 



Burned Plastic 

Culvert     

Glendale, OR  



Lockheed Fire 2009 

Santa Cruz County 



Steel Culvert with 

Concrete Headwallð

Santa Cruz County 



Pipe Arch Culvert CrossingðTehama 

CountyðDeer Creek Watershed.                                              

Note Rock Headwall/ Wing Walls 



B. Open Bottom Arch 

ÅProôs 

ïExcellent for fish 

passage. 

ïMay be cheaper than 

a bridge. 

ÅConôs 

ïExpensive. 

ïWill require a 

professional 

engineer design. 

ïCan fail by 

undermining if 

concrete footings 

not on solid rock 

base. 

 

 Image:  Weaver and Hagans 1994 

Concrete footing 



Open Bottom Arch, 

Latour Demonstration 

State Forest, Shasta 

County 



Open Bottom Archð

Freshwater Creek Watershed, 

Humboldt County 

Replaced a 10 ft Round CMP 



C. Bridges 

ÅProôs 

ïExcellent for fish 

passage. 

ï If built correctly, long 

expected life (low chance 

of failure). 

ïLittle impact to the 

stream channel. 

ïLittle sediment entry. 

ïLow overall 

environmental impact.   

ïGood for incised stream 

channels/larger 

watercourses.   

ÅConôs 

ïExpensive. 

ïRailroad flatcar  bridges 

are $20,000 to $50,000, 

depending on length (55 

ft or 90 ft) + $10,000 or 

more to install).   

ïMay require Professional 

Engineer design. 



ñLegacy Crossingsò: 

Log Stringer Bridge        

Mendocino County 



Big River Steel Bridge       

Mendocino County 



Steel Bridge, Forest Creek,                

Calaveras County                      

Note Pre-Cast Concrete Supports 

for Bridge Abutments 

Photo:           

M. Hartzell, 

CVRWQCB 



Rail Flatcar Bridge, Santa Cruz County                  

Common Low-Cost Alternative to Conventional Bridge 

Construction; Can be Temporary or Permanent 



D. Ford Crossings 

ÅProôs 
ïOften relatively 

inexpensive alternative 
for small to medium 
sized streams w/stable 
bottoms. 

ïLow maintenance. 

ïLow chance of failure if 
designed correctly. 

ïBetter than a pipe where 
winter maintenance will 
not occur (no plugging). 

ïNot very sensitive to 
specific flow volumes 
(ñforgivingò). 

ïGood for channels 
susceptible to 
landslides/debris flows. 

ÅConôs 
ïCan have high sediment 

entry, high impact to 
stream channel, 
especially with lots of 
traffic. 

ïRock ford crossings can 
fail easily if not designed 
correctly. 

ïNot passable during 
flood flows! 

ï Improved ford crossings 
(concrete slabs) bad for 
fish passageðprone to 
scour around edges.  



Unimproved Wet 

Ford Crossing 

with Chronic 

Sediment Entry 

into Hinckley 

Creek  

Santa Cruz 

County 

NOT 

DESIRABLE 



Rock Ford Crossingð

Mendocino County.    

Rock must be large 

enough to resist 

movement in winter 

storms 



Rock Ford Design Specifications 

Tim Best, CEG 

Large rock (18-24 in) needed at 

base of crossing 



Concrete Slab FordðTehama 

CountyðPonderosa Way. 

Pave across live streams to 

maintain water quality with regular 

traffic (get scour at edge). 



Concrete Slab FordðTehama 

CountyðCrane Mills 



Vented FordðButte County 



Diagram of a Vented Ford Crossing 

(Keller and Sherar 2003) 

Note that armoring must extend to the 100 yr High Water Level 

on either side of the pipes. 



Comparison of Crossing Types Impacts on Water 

Quality 

ïCulverts: higher catastrophic failure risk; 
lower chronic sediment input. 

 

ïFords: lower catastrophic failure risk; 
higher chronic sediment input.   

 

ïChronic Water Quality Effects from 
sediment entry: 
ÅHighest: fords and culverts 

ÅLowest: bridges 

 



E. Temporary Crossings 

ÅProôs 
ïLittle impact to stream 

channel if designed 
and implemented 
correctly. 

ïAlmost no chance for 
failure. 

ïComplete fish 
passage. 

ïRelatively inexpensive. 

ïRequired for 
temporary roads 
(pulled by October 
15th).    

ÅConôs 
ïHigher sediment 

input, especially if 
built incorrectly. 

ïHigh sediment 
input if removed 
incorrectly. 



Image:  T. Spittler, CGS (retired) 



Temporary Spittler 

CrossingðTehama 

County 



Temporary 12 

inch plastic 

pipe 

Santa Cruz 

County 



 Photo:  Stacy Stanish, DFW 



Temporary Culverts with 

Rock Fill (Clean Gravels) 

Shasta County 



Temporary Bridge CrossingðSF 

Stanislaus River, Tuolumne CountyðSPI 

and PG&E.  Cost effective; quick 

installation and removal; little disturbance Image:  Hartzell, CVRWQCB 



Temporary Bridge, Soquel Demonstration 

State Forest, East Branch Soquel Creek 



Crossing Crosswalk 

Watercourse Type Crossing Alternatives 

Class I fish-bearing 1. Temporary crossing;        

2. Bridge; 3. Open-bottom 

arch; 4. Pipe arch culvert 

Class II non-fish 

bearing perennial 

Culvert or Temporary 

Crossing 

Class II non-fish 

bearing intermittent 

(headwater) 

Culvert or Rock ford (or 

Temporary crossing) 

Class III ephemeral Rock ford or Culvert (or 

Temporary crossing) 



PREFERRED ALTERNATIVES FOR 

FISH-BEARING CROSSINGS 
The following alternatives and structure types should be considered in 

order of preference (NMFS 2001): 

 

 1. Nothing - Road realignment to avoid crossing the stream. 

 

 2. Bridge - spanning the stream to allow for long term dynamic 
channel stability. 

 

 3. Bottomless arch, embedded culvert design, or ford. 

 

 4. Non-embedded culvert - this is often referred to as a hydraulic 
design, associated with more traditional culvert design approaches 
limited to low slopes for fish passage. 

   



III.  What Can Go Wrong at a 

Crossing? 

(short answerðLOTS!) 



Plugging of the pipe 

inlet with sediment 



 Terrace Development 

Crossings with terraces or sediment 

wedges above the inlet often have 

insufficient capacity to pass flood 

flows. 

 

Terraces upstream of the culvert inlet 

indicate past ponded conditions. 



Culverts Blocked 

by Woody Debris 

Photo: Wopat, CGS 

Photo: Wilson, CVRWQCB 



 

Upper 

Sacramento River 

Basin 2009 

Photo: M. Boone, 

CVRWQCB 



Typical Woody Debris Lodging at the 

Culvert Inlet (Flanagan 2004) 





Failure Mechanisms for Culverts Along Forest 

Roads in Northwest CA Associated with  

Storms < 12 RI (Flanagan 2004) 

n = 57 



Photo:  Pacific Watershed Associates 

Redwood Creek Watershed, 

Humboldt County 



Photo: Scanlon, CAL FIRE 

Humboldt County CrossingðInlet Blocked 



Photo: Derrig, USFS 

Lassen National Forest 


