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INTRODUCTION

This report presents the design and methodology for conducting an EEM program for the
proposed Hunt Oil seismic survey in Sydney Bight. The EEMP is to be conducted at the
onset of the seismic survey, which is scheduled to begin November 1, 2005.

This document reflects input from Fisheries & Oceans Canada and the CNSOPB on an
earlier draft program dated September 19, 2005. This report provides the framework for
completion of the monitoring program and more detail on specific aspects of the
methodology to address comments by Fisheries & Oceans Canada.

TEST HYPOTHESIS

The EEM program is designed to determine the threshold at which sublethal damage to
ear structures of fish, in this case Atlantic cod, occurs. The EEMP provides a direct
connection to the predictions of the EA in relation to potential effects on young fish in the
Bird Islands area, an area known as a juvenile nursery area for cod. The EA predicted that
the Bird Islands were beyond the range of sublethal effects. The test location has thus
been selected to be near the survey line closest to the Bird Islands.

The test hypothesis is that no damage to ear structures occurs at distances greater than
500 m from a peak to peak sound pressure level of approximately 259 dBre 1 pPa at 1
m. Figure 1 provides the far field signature of the Gulf Pacific array proposed for use in
Hunt's survey.




Final EEMP for Sydney Bight 3

[uomedoxn S K {
Saivieass A% L B0, H :
e« IMREOT LN T
T R 115 3T :

falovl Btk e

b m

LR CEELR . e

Figure 1: Far Field Signature of the Gulf Pacific Array

Figure 1 indicates a peak to peak maximum pressure of 95.5 bar m, which is about 259
dB ref 1 uPa at 1 m (peak to peak) or 248 dB RMS. The environmental assessment
considered the impact of airgun arrays with peak to peak pressures ranging from 240 to
260 dBref 1 yPaat 1 m.

Figure 2 illustrates the theoretical attenuation with spherical or cylindrical spreading.
Both types of spreading are used in the graph to provide bounds to the anticipated
pressure levels at the test sites. Spherical spreading is most likely initially, but either type
may occur in a horizontal direction away from the sound source. The graph provides a
range of possible sound pressure levels at the bottom, excluding effects of attenuation
from other sources, such as bottom roughness. Thus, actual pressure levels are anticipated
to be lower than those shown in the graph with distance.
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Figure 2: Theoretical Attenuation with Spherical and Cylindrical Spreading

Modeling of long-range attenuation usually uses a number of runs at different frequencies
(1/3 octave bands) with the results combined to obtain the numbers for the entire
frequency spectrum. At closer ranges, e.g., less than one kilometre from the airguns,
attenuation may be better predicted using the theoretical equations. Figure 2 suggests the
sound pressure will decrease rapidly with distance from the airguns, lowering to about
220 dB, ref 1 uPa at 1 m, at a distance of 100 m from the airgun array.

Specific estimates of sound pressure thresholds where fish ear injury begins to occur are
not available from previous studies (McCauley et al. 2003); however, fish are known to
begin experiencing non-auditory internal injuries at sound pressure levels of around 220
dB ref 1 pPa at 1 m (Turnpenny and Nedwell 1994). Figure 2 suggests that this sound
pressure level may exist at about 100 m from the path of the seismic vessel. To cover the
likely range of distances where a threshold level may occur, cages will be set a 100 m,
500 m and 1000 m from the seismic survey vessel path.

TEST ORGANISM

Hatchery reared fish will be used in the EEM program to ensure all fish are consistent in
genetic and physical quality. Young Atlantic cod, approximately 10 to 15 cm in length,
will be obtained from the GreatBay Aquaculture facility in Portsmouth, New Hampshire.
Fish will be shipped to the Halifax International Airport by air freight and trucked to the
Big Bras d'Or wharf in Cape Breton for temporary storage in cages until the EEMP is




Final EEMP for Sydney Bight 5

ready to begin. The application to transport these fish is provided as Appendix A to this
report.

All fish will be similar in size and age. Use of a single size/age class of fish reduces the
number of variables and increases the statistical confidence in results. The study is not
intended to examine the potential effect of fish size or the impacts of sound on mature
fish.

Five fish will be sacrificed at the onset of the study to provide a reference comparison for
test and control fish. Three reference fish will be used to provide a reference for ear
studies, and two will be used for reference for other tissues. All fish are expected to be in
their second year and about 10 to 15 cm in length.

One hundred fish will be obtained, allowing for up to a 25 percent mortality of fish prior
to the testing. All reference, control and test fish will be exposed to the same conditions.
Reference fish will not be sacrificed until the test program is ready to commence. Test
and control fish will be subjected to the same holding and transportation treatments, and
all efforts will be made to find similar bottom substrates and temperatures for cage
deployment.

TEST AND CONTROL SITES

The proposed test and control sites are illustrated in Figure 3. The test location is along
the survey line that is the closest to the Bird Islands. The control site, near Ingonish, is
approximately S0 km away from the test site. Both sites are in approximately 70 to 80 m
of water. Test site vessels will berth at Big Bras d'Or, while the control site vessel will
probably berth at Ingonish Harbour.
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Figure 3: Location of Test and Control Sites for the Hunt EEMP
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The test site was selected because of its proximity to the Bird Islands, but it is still at a
distance of approximately 25 km from the islands as indicated in Figure 3. The control
site was selected because it had water depths similar to the test site, it was relatively close
to shore and the test area, and the location was well removed from competing sources of
noise, such as routine shipping, ferries or gypsum vessels.

TEST EXPOSURE AND CONTROL TREATMENT

Fish will be deployed in used steel-frame crab cages with interior trap components
removed and Y2-inch mesh netting added. These cages will be used for storage at the
wharf as well as for test and control deployment. For test and control conditions, no more
than five fish will be placed in each 1.2 m long cage to minimize any effects of fish
crowding on results, Table 1 provides the number fish required for reference, control and
each test replicate.

Table 1: Number of Fish by Test Group and Control

Distance from Survey Line Control/Reference

Fish Group 100 m 500 m 1000 m

Reference 5

After 5 hour 10 10 10 10
exposure

After 5 day 10 10 10
exposure

Total 20 20 10 25

NOTE: Each group of 10 fish represents two fish that will be sent to Dr. Groman at
University of PEI for general histological examination, and eight fish (16 ears) that will
be sent to Dr. Popper at University of Maryland for review of potential ear damage.

Test and control fish will be treated identically. All fish will be placed in bags for
transportation to the test and control sites. Cages will be set the day prior to the pass by
the seismic survey vessel. If a soft start is required, a minimum duration is preferred to
limit disturbance of fish prior to the passage of the vessel with the airguns operating at
full power. Alternatively, data can be acquired on a southwest heading and the soft start
can occur at the northeast end of line, well removed from the test area. At the test site,
three sets of cages will be set at approximately 100, 500 and 1000 m in a line
perpendicular to the path of the seismic survey vessel.

Previous study has indicated that some injury may take time to become apparent. To
account for delayed expression of injury, fish will be left at the site for at least five days
following the test exposure. During this time, seismic survey activity will be focused on
the outer lines close to the Laurentian Channel. Close liaison with the survey manager
will be maintained to ensure the fish are removed before lines within 20 km of the cages
are run to avoid possible cumulative exposures.
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SAMPLE PREPARATION AND ANALYSIS

Two cages of fish will be retrieved approximately five hours after the survey vessel has
completed its pass with airguns active. Fish will be sacrificed and ears of eight fish
removed and prepared for shipment to the University of Maryland for analysis. Removal
and preservation of ears will be carried out by Ray Soper of Oceans Ltd. (Ray was
trained by Dr. Popper and did the tissue removal and sample preparation for a previous
study on tuna). Electron Microscopy grade fixatives (gluteraldehyde and
paraformaldehyde) will be used. The fixed ear tissue from both ears will be sent to Dr.
Popper at University of Maryland for analysis of the three otolithic end organs in each
ear.

Two remaining fish from the two cages will be sacrificed and preserved for shipment to
the Veterinary College in Charlottetown. Dr. David Groman will prepare slides of liver,
gonads, and brain and review them for abnormalities compared to the reference fish.

Samples will be prepared immediately on arrival back at the Big Bras d'Or wharf, or if
weather is inclement, at a local facility nearby. All samples will be placed in appropriate
preservative for shipment to either the University of Maryland or the Veterinary College.

Additional cages of fish will remain in the water for at least five days at the two closer
test sites and at the control site. These cages will be recovered after five days and fish
treated as described above. The fish from these cages will provide a check for injuries
that are delayed in appearance after the original exposure, with a test hypothesis that the
fish from cages recovered initially and those recovered days later should show the same
injuries. The number of fish analyzed from the second set of cages will be dependent on
the results provided by first set of samples, and initial results from a few fish.

IN SITU SOUND MEASUREMENTS

Sound will be measured in situ at the test and control sites. Hydrophones will be attached
to the cages approximately 1 m above the bottom. Sounds measurements will be recorded
from a cable run to a fishing vessel anchored nearby. Measurements will be made at the
test sites 100 m and 1000 m from the survey line, and at the control site. Thus, three
hydrophones and data acquisition systems will be required.

REPORTING

Initial results of the EEMP should be available within two weeks of completion of the
study. These results will include sound pressure levels measured at test and control sites,
a chronology of major events, and an overview of obvious injuries or fish mortality. It is
anticipated that results from the analysis of ear tissue conducted by Dr. Popper will not be
available for nine to 11 months following the study. Results of all analytical study will be
made available to the CNSOPB, however, as soon as possible after receiving reports from
the researchers involved. A final report on the EEMP is anticipated by the end of
November, 2006.

R ETAL U L EniiEiEaes
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APPENDIX A - FISH TRANSFER APPLICATION
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