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Armor layer in flume 

experiment. Coarse layer on 

surface clearly visible with fine 

grained substrate below.





(Julien, 2002)
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(Oehy 1999)
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Where:

𝜎 = geometric standard deviation
𝑥 = dummy variable of integration
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Where

𝑝0 𝑑 = probability density of intiial grain size distribution



Prediction of  armor layer compared to measurements (Shen and Lu 1983)



Sockeye salmon spawning 

in Chilkoot River, Alaska

Photo by Paul Vecsei



Downstream 

of  Lewiston 

Dam on the 

Trinity River 

in Northern 

California.



Habitat Improvement



In channel gravel mining in 

Ecuador. This practice is very 

common in many developing 

countries.

http://ecuadorianrivers.org/wp-content/uploads/2011/11/Gravel-

Mining.jpg



Problem

Groundwater recharge rates have been declining.

Prado Dam (Photo from LA Times)





Question

Could armoring of  bed within recharge reach 

be causing reduced infiltration rates?



Sample Location with Coarsening Bed
(Engineering and Hydrosystems 2009)



Particle size distributions showing coarsening over time
(Engineering and Hydrosystems 2009)



Santa Ana River downstream of  Prado Dam



Infiltration area on 

Santa Ana River






