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Introduction 
 
Pile driving has been used for thousands of years to create a stable foundation in areas with soils that 
have poor weight bearing capacity or to support structures over water.  Modern pile driving typically 
involves raising and then dropping a heavy weight (a hammer) onto the top of a vertical pile which 
can be of various shapes and materials until it can be driven no further (to “refusal”) or until it is 
sufficiently stable to meet the needs of the particular project.  While in some respects pile supported 
structures are preferable from an environmental perspective to solid fill structures that entirely cover 
aquatic habitat for example there are potential adverse environmental impacts associated with the 
sound generated from the installation of piles.  This paper describes some of those potential adverse 
impacts to fishery resources and potential means of mitigating for them.       
 
Impacts  
 
High intensity sound such as can be generated through pile driving, considered to be above 187 dB 
SEL re 1µPa (where dB = decibels, a measure of sound pressure; SEL= sound exposure level, a 
constant sound level over one second; and µPa = micro Pascals a measure of pressure fluctuation, 
with 1 µPa as the water pressure reference level)2 can result in physical injury to fish.  These can 
include change in hearing capability or actual damage to the inner ear, damage or destruction of the 
swim bladder, other cellular and molecular effects, and possible adverse effects on eggs and larvae.3  
Behavioral effects such as fish leaving or avoiding an area have been observed.4,5,6  Cumulative 
stress induced impacts related to sound level and duration causing fish to be more susceptible to 
things like infection, predation, and slower growth may also result.  Recent laboratory studies on 
juvenile Chinook salmon have found that the number of sound impulses as well as the energy in 
individual impulses need to be considered when predicting the potential for injury7, and that one or 
two “mild” barotrauma injuries including hematoma of the body, fins, swim bladder, liver, intestine 
and adipose tissue and hemorrhaging of the spleen and intestine from pile driving exposure are 
unlikely to affect subsequent survival of exposed fish8.  These “recovery from injury” results may 
not translate to other salmon life stages, fish in the wild, or to other species.  
 
Mitigation Measures 
 
The primary recommendation that resource managers make to minimize potential adverse impacts 
from pile driving is a time of year restriction.  That is a recommendation that pile driving in an area 
with a potentially affected resource (e.g., diadromous fish) not be done when that resource can be 
expected to be within a zone of influence.  A time of year restriction can be reduced when necessary 
if certain measures are taken to limit the sound exposure level, duration of sound, exclude fish from  
the zone of influence, limit pile driving to lower tide stages when the work area is in the “dry”, or to 
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limit pile driving to times of the day or tide states when species of concern could be expected to not 
be in the project area.   
 
Means to reduce sound transmitted to surrounding water by pile driving include use of piles that 
vibrate less when struck such as timber vs. steel, smaller diameter piles, use of a cushion between the 
hammer and “stiffer” piles such as steel9, use of a vibratory hammer rather than an impact 
hammer10, or the use of a bubble curtain11.  Limitations on the number of pile driving hammers on a 
project site, the number of piles driven/day and the duration of pile driving/day can also be 
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Data are limited on behavioral and cumulative exposure impacts.  Laboratory studies ha
limited to few species and may not be translatable to the wild.  Field studies in various 
environmental settings on a variety of fish species need to be done to validate laboratory findin
and gather data on behavioral effects.  Use of time of year restrictions and/or other mitigation 
measures with monitoring remain effective tools for minimizing potential adverse impacts to fis
resources from pile driving generated sound.  This agency will continue to review projects that 
involve pile driving on a case by case basis as they are presented by regulatory agencies as each 
individual project and project site have their own unique characteristics and resources of conc
These reviews will take the needs and the constraints the permit applicant may be under into 
consideration which could lead to discussi
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