Introduction to the IOOA and review of
seismic interactions with fish

Presentation to the Pelagic Advisory Council
21 April 2015, Bilbao
Gareth Parry — IOOA Environmental Subcommittee



Disclaimer and important notice

The material in this presentation has been prepared by the Irish Offshore Operators’
Association (IOOA) on behalf of its members and is general background information about
IOOA activities and studies current as at the date of this presentation

While due care has been used in the preparation of information, the IOOA and any contributing
third party shall have no legal responsibility for the content of the information so provided
(including, without limitation, as to the quality, accuracy, completeness or fithess for any
particular purpose of such information). No guarantee, representation or warranty whatsoever
IS given, express or implied, relating to any of the content of the materials in this presentation.
The IOOA does not accept any liability for error or omission or for any loss or damage caused,
arising directly or indirectly, in connection with reliance on the use of such information.

This information is given in summary form and does not purport to be complete. Information in
this presentation should not be considered as advice or a recommendation from any of our
members.
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Irish Offshore Operators’ Association (IOOA)

= Founded in 1995, IOOA is the representation organisation for the Irish

offshore oil and gas industry PAZERE |ansdowne

oil & gas
= Currently 15 members representing multinational and Irish petroleum

exploration companies who hold licensing authorisations in the Irish @ P“@“
offshore (="} B

= Members of IOOA are active in seismic and other operational activities s mewosy  ®error

In the Irish offshore
SAN LEON
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= |OOA member companies

AzEire Petroleum Lansdowne Oil & Gas Plc SERICA

Cairn Energy Plc Providence Resources Plc

Eni UK Ltd Repsol @

Faroe Petroleum San Leon Energy Plc

Fastnet Oil & Gas (Ireland) Ltd Serica Energy KINSALE _— /%";'Statml
m PSE Kinsale Energy Ltd Shell E&P Ireland Ltd R

Kosmos Energy Statoil KOSM%'S

Woodside Energy (Ireland) Pty Ltd \”woodside
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Concession maps

October 2014

March 2010

DCENR 2014

During the past ~four years there has been an increase licenses/licensing options in the
Porcupine and Celtic Sea basins and a decrease in the Erris, Donegal and Rockall

basins.
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N offshore authorisations

Number of EL & LO (at end December each year)
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Number of Offshore Exploration Licences and Licensing Options at end December each year (1970 - May 2014)

. Exploration Licences
D Licensing Options 1998-2013

End of year information for Licensing Options
prior to 1998 is in offsite archive and not readily accessible

Authensations issued
prior to 1976 were
Petroleun Leases
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EXPLORATION AND APPRAISAL WELLS

™
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| Exploration wells: 130

E&A WELLS

o e Kish Bank Basin: 4
e Central Irish Sea: 5
_,{; v 50 Goban Spur: 1
¥ Celtic Sea basins: 85
7 ¥ Fastnet Basin: 12
fa?, s 08 X { Porcupine Basin: 31
e W Slyne Basin: 10
The Irish offshore basins | 4.4 ‘. ¢ 'J,' Erris Basin: 4
are very lightly explored in *‘,:’--..‘\ : £ f|1.’ Donegal Basin: 2
comparison with those of | ;.\ Rockall Basin: 4
most neighbouring : Z '\ & ja,-
countries ) \ N ey
E" { " o 'i"" l‘ ! / Mmgm&Hwa.han (2013: Adlantic Ireland Conference website) ]
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The number of E&A wells drilled per
annum in the Irish offshore is very
low, and is significantly lower than it
was during the 1970s and 1980s.

DCENR 2014
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Exploration and appraisal wells on
the Norwegian Continental Shelf (NCS)

: DCENR 2014
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Source: NPD

In contrast to Ireland, the numbers of wells drilled on the Norwegian
Continental Shelf have remained high in the past 5 years.

This reflects the perceived levels of risk and prospectivity of the regions.
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Operating window
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Marine seismic survey

Seismic reflection profile from the Mentawai forearc basin
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‘Regional’ 2D seismic line

7, ‘Subsea world news 2014
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Seismic survey operations

Seismic operation
assumptions:

= 90m seismic vessel.
1500m3 marine diesel.
3D survey with 4450 in3
airgun array.

700m water depth

10 streamers 12 km long.
Two support vessels.
Option of bunkering at
sea.

TRIGGER
—

. = IA_WE .|

10



Underwater sound

= Underwater noise can be
1. Single pulse (e.g. Single airgun, pile driving, sonic boom)
2. Multiple pulse (e.g. Sequential airgun, active sonar and depth sounder)
3. Nonpulse (e.g. Vessel cavitation, aircraft passing)

= Measurement

1. Source Level (SL) or Sound Pressure Level (SPL) as it would measure 1m
from the source in units of

dB re 1 yPa

2. Received Level (RL) or Sound Exposure Level (SEL) —is the Level (SEL)
measure of energy as the “dB level of the time integral of the squared-
Instantaneous sound pressure normalised to a 1-s period”. Units are

@ dB re 1 pP@

sasoceion *From Southall (2007):.:




Anthropogenic noise and fish

Popper et al (2014%)

1. Mortality and potential injury

2. Impairment
 Recoverable injury
e Hearing - Temporary Threshold Shift (TTS)
e Hearing - Masking

3. Behavioural

*Popper, A.N., A.D. Hawkins, R.R. Fay, D.A. Mann, S. Bartol, T.J. Carlson, S. Coombs, W.T. Ellison, R.L. Gentry, et al. 2014. Sound Exposure

Guidelines for Fishes and Sea Turtles: A Technical Report prepared by ANSI-Accredited Standards Committee S3/SC1 and registered with ANSI.
SpringerBriefs in Oceanography, vol. ASA S3/SC1.4 TR-2014. ASA Press. 87 pp.



Acoustic impact criteria — fish
Popper et al (2014*) thresholds for fish

*Popper, A.N., A.D. Hawkins, R.R. Fay, D.A. Mann, S. Bartol, T.J. Carlson, S. Coombs, W.T. Ellison, R.L. Gentry, et al. 2014. Sound Exposure Guidelines for
Fishes and Sea Turtles: A Technical Report prepared by ANSI-Accredited Standards Committee S3/SC1 and registered with ANSI. SpringerBriefs in
Oceanography, vol. ASA S3/SC1.4 TR-2014. ASA Press. 87 pp.

Tvpe of Mortality and Impairment
yp potential mortal o _ Behavior
Animal injury Recoverable injury | TTS Masking
Fish: no swim >219dB SEL,, > 216 dB SEL,, >> 186 dB (N) Low (N) High
bladder or or SEL, () Low (1) Moderate
> 213 dB peak > 213 dB peak (F) Low (F) Low
Fish: swim _
bladder is not >210dB SEL_, >203dB SEL,, >> 186 dB (N) Low (N) High
involved in or or SEL,, () Low () Moderate
. > 207 dB peak > 207 dB peak e (F) Low (F) Low
hearing
edder | 22708 SELan | >203BSELuy | ggp | (0 Low (N) High
: . or or () Low (1) High
mvolyed n > 207 dB peak > 207 dB peak SELcum (F) Moderate (F) Moderate
hearing
Eqas and > 210 dB SEL,, (N) Moderate (N) Moderate (N) Low (N) Moderate
Lgf\’/ae or (1) Low (1) Low (1) Low (1) Low
> 207 dB peak (F) Low (F) Low (F) Low (F) Low
m Notes: peak SPL in dB re 1 pPa; SEL in dB re 1 pPa?s. Relative risk (high, moderate, low) is given for animals at three
Association distances from the source defined in relative terms as near (N), intermediate (1), and far (F). 13




Case Study - Scott Reef, NW Australia

Scott Reef is a large emergent shelf atoll (50 km by 30
km)on the outer edge of the continental shelf.

More than 30,000 different species.

High diverse coral reef with many site-attached fish
between 1 and 70 metres water depth

Reef fishes unlikely to flee where reliant on benthic habitat
(‘site-attached’)

Uncertainty in potential for impact on fish hearing
Subsequent potential for population-level effects uncertain

Other physiological effects on fish (sub-lethal, hearing)

| | Maxdma 30 M35
Habitat
Reef Flat
B Reet Slope
[ Patch Reet
[ | Shallow-Water Sand
I sand with Coral Oulcrops
[T Shallow-Water Lagoonal
Il Ceeper-Water Lagoonal
Deap-Water Sand
|| Deap-\Water Coral Assemblage
B Deeper-Water High Divarsity
|71 Soft Coral on Rubble
I Ceep-Water Foliaceous Coral
I Ceep-Waler Filter Feeding
[ Deep-Water Outcrops

damatres
Daten: GOA 1694 MGA Tore 51

Source: Browse LNG Development




Quantifying Seismic Impact on a Sensitive Marine
Environment (Tropical Reef)

World-first independent identification and evaluation of potential impacts from
a seismic survey

A major field verification study to validate impact predictions and modelling
included in the impact assessment - €7M

Program designed and overseen by independent researchers from eight
Universities

Fish behaviour & specific acoustic impacts - NONE

o No lethal effects, Low level behavioural responses, return to normal
feeding behaviour within 20 minutes of survey vessel passing

Fauna and fish abundance and diversity and coral impacts - NONE

o No fauna mortality observed that could be reasonably attributed to air gun
emissions

o No stress or damage to corals
Fish abundance and diversity impacts - NONE
o No fauna mortality

Underwater visual census and baited remote underwater videos used to
cover range of habitats and species

No significant effect of the seismic survey on abundance or diversity

detected
IO0A
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Offshore Ireland sound modelling

= Completed in 2014

= 4450 in® airgun array pressure
specifications for towing depth
of 7. m.

= \Water depths between 400
and 900 m.

= Nine sites modelled, three
primary focus sites.

= 6 selected locations along
representative seismic track
lines as sampled locations for
the 24-hr cumulative noise
modelling.

= Sound Pressure Levels (SPL)
@ and Sound Exposure Levels
(SELs) modelled.
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Irish sound modelling summary

= Underwater sound levels (peak SPLs and SELS)
from a 4450 in® airgun array were evaluated at
three sites offshore of Ireland.

= Maximum modelled sound levels at the three sites
were assessed against fish impact criteria, derived
from peer-reviewed literature and from Maxima 3-
D MSS study at Scott Reef, NW Australia.

= Modelled sound levels at the seafloor were below:

= Popper et al, (2014) review stated criteria for
fish mortality and fish hearing injury.

= The sound levels reported in the distribution
and abundance studies conducted at Scott
Reef.
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Figure. Single-pulse SEL versus range and depth for
the airgun array . Levels are lower at equivalent
ranges along the upslope (north) transect than along
the downslope (south) transect because more
energy is refracted into the sub-bottom for upslope
propagation.
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Thank you — Questions???

sseciation IO0A 18
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