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• Context: what are human hearing loss 
recommendations from NIOSH? How does 
that compare to the Technical Guidance?

• What is normal? How does it depend on 
mammal hearing group?

• How does SEL accumulate?
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Human 
Sound 

Exposure
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𝑅𝐸𝐿 = 85 dBA, 8 hour time weighted average

𝑆𝐸𝐿 = (𝐿𝑒𝑞,8ℎ𝑟+10 log 8ℎ𝑟 ) dB

𝑆𝐸𝐿 = න

8ℎ𝑟

(𝐿𝑝∗ 𝑤𝑓)𝑑𝑡

NIOSH  Recommended Exposure Level
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NIOSH permissible 
exposure : 85 dBA
for 8 hours SEL = 
130 dB re 20 µPa2·s

Uses Equal Energy 
Hypothesis: 
As level goes up 
maximum time 
goes down.
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SPL 
(dBA re 
20 µPa) 

Source Time to 
Noise 
Dose

139 Manowar < 1 sec

136 KISS <1 sec

112 Pile Driver 56 sec

103 Bulldozer 7.5 min

96 Jackhammer 35 min

Time to REL*TWA = Noise Dose
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Recall – NOAA 2016 SEL Limits
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The 8 hour Marine Mammal Work Day

Species Group PTS Onset Threshold 
(continuous, 
weighted, 24 hours, 
dB re 1 µPa2·s)

Leq,8hr
(Weighted, dB re 
1 µPa)

Low Frequency 
Cetaceans

199 154

Mid Frequency 
Cetaceans

198 153

High Frequency 
Cetaceans

173 128

Otariid Seals 203 158

Phocid Seals 185 140
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What is ‘normal’ Ocean 24-hour 
SEL?
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Atlantic Canada Monitoring Program
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Atlantic Canada Monitoring Program
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SEL – What is Normal?

(4)1500 m deep off Scotian Shelf

(2) Near traffic lanes off CB

(19) Deep water north of Flemish 
Pass

(18) 35 km from O&G Platform (80 m)

ESRF 2015-2016 Data
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Weighting functions
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What is normal – weighted?

(4)1500 m deep off Scotian Shelf

(2) Near traffic lanes off CB

(19) Deep water north of Flemish Pass

(18) 35 km from O&G Platform (80 m)

ESRF 2015-2016 Data



Martin et al, SEL Insights, 26 June 2017, Acoustic 2017, Boston.

How does SEL accumulate?
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Accumulation of SEL: Seismic Surveys

Shell Greenland 2012 Seismic Survey
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Accumulation of SEL: Ambient / Shipping

ESRF 2015-2016 Data
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SEL: Pile Driving @Block Island F4 25 Oct

850 m 9100 m

Ambient

Vessels

Piling

Vessels

Piling

Deep Water Wind Block Island 2015  



Martin et al, SEL Insights, 26 June 2017, Acoustic 2017, Boston.

Weighting functions
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Weighted Daily SELs - Southall et al (2007)

Shell Greenland 2012 Seismic Survey
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Weighted Daily SELs - NOAA (2016)

Shell Greenland 2012 Seismic Survey
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Daily SEL Vs Closest Range to Vessel
Shell Greenland 2012 Seismic Survey
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Simulating seismic SEL accumulation

228 dB re 1 µPa2·s per pulse SEL, 2.25 m/s, 10 sec IPI
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Daily unweighted SEL vs Depth - Seismic
Shell Greenland 2012 Seismic Survey
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Alternate Method - Seismic
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24-hr SEL – complex operations
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