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Main Objectives

Derive exposure criteria

QA Protect fish from impulsive pile driving
sound

Explore the response variables over a range
of treatments typical for a pile driving event

Test the hypothesis that the magnitude of
effect increases with increasing SEL
exposure

Challenge the equal energy hypothesis
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SEL (Sound Exposure Level)

» SEL — Sound Exposure Level

» Sum of squared sound pressure over
90% the duration of the pulse —in dB re
1uPa?-s

» Single Strike SEL - SEL
SEL =101log,, (i ()’ di

» Can be summed over multiple impulses
» Cumulative SEL - SEL
» Sound pressure level —
» Peak dBre 1l uPa

SPL =20 Iog (p/pref)

cum




Experimental Overview

» EXxpose fish to pile driving sounds
d HICI-FT
4 SEL Treatment

» Barotrauma injury assessments
1 Examples of injuries

» Modeled a response metric
d Response Severity Index

» Results

» Summary contour plot



High Intensity Controlled
Impedance-Fluid filled wave Tube

GaTech (Rogers & Martin)

EXxposure orientation




!"{J

L HICI-FT

.9

Fish loading orientation




Treatments
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Physical Injury Assessment
— Barotrauma —

» Binary scoring of
Injury

» Physiological
ranking of injury

» Weighting of injury
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Barotrauma Injuries

dead within 1 hr
stomach inversion

exophthalmia (eye pop)

ext. sign of pericardial hem

gill mild embolism

gill severe embolism
left eye emphysema
right eye emphysema
pectoral fin emphysema
pelvic fin emphysema
dorsal fin emphysema
anal fin emphysema
caudal fin emphysema
left eye hemorrage
right eye hemorrage
pectoral fine hemorrage
pelvic fin hemorrage
dorsal fin hemorrhage
anal fin hemorrage
caudal fin hemorrage
blood spots on vent
blood or bile

pectoral hematoma
pelvic hematoma
dorsal hematoma

anal hematoma

caudal hematoma

heart beating upon opening
abdominal cavity filled with blood
abdominal blood source identification?
ruptured SB anterior

ruptured SB mid

ruptured SB posterior

bruised swim bladder

partially deflated (no ruptures)

fully deflated (no ruptures)

damage to gall bladder

raspberry looking spleen

BKD - bacterial kidney disease - white spots

burst capillaries along kidneys and wall
fat present?

brain case, blood around brain
renal (kidney) hemorrhage
hepatic (liver) hemorrage
pericardial (heart) hemorrhage
spleen hemorrhage

intestinal hemorrhage

renal (kidney) anterior embolism
renal (kidney) mid embolism
renal (kidney) posterior embolism
pericardial (heart) embolism

renal (kidney) hematoma

hepatic (liver) hematoma
pericardial (heart) hematoma
bruised spleen hematoma
intestinal hematoma

ovaries / testes hematoma
body muscles hematoma

fat hematoma

mortal injury

damage to spleen
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Intestine

Swim bladder

Spleen

Pyloric Caecum
Liver
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Response Severity Index Computation

RSI(Treatment) = i(wi x T,)

Created to reduce complex panel into single metric — RSI
» Treatment (T), exposed fish
» Physiological ranking
Qa1 through 22

» Weighting of injury (W,) - based on biological
significance

a1 (mild), 3 (moderate), 5 (mortal)
» | = Injury type
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Summary

» RSI levels were statistically correlated with SEL
values
» 960 strikes has more injury than 1,920 strikes at
the same SEL_,,
4 i.e. Higher SEL, (and lower strike number) had
statistically higher RSI levels
» Equal energy hypothesis
d SEL_, Is not sufficient as only metric
» Frequency of injury in individuals is correlated with
SEL
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Summary

» Developed an RSI model for barotrauma injuries

1 Working on applying it across different sound
modalities

» Contour model

J Accounts for SEL
strikes

 Suggest an RSI level 2

» Data apply to Juvenile Chinook salmon at 103mm
and 11.89g

SEL.., and number of

cum? SS?
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Funding Sources

» Bureau of Ocean Energy Management,
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» National Cooperative Highway Research Program
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