
5 November 2003 
 
Mr. T.M. Baker 
Chief Conservation Officer 
National Energy Board 
444 Seventh Avenue S.W. 
Calgary, AB T2P OX8 
 
RE: NEB File 9180-G705-38, Geophysical Service Inc. Western Gulf of St. Lawrence 
Marine Seismic Program: Letter dated 23 October 2003 re: Letters of Comment; and letter 
dated 31 October 2003. 
 
Dear Mr. Baker: 
 
Attached is our response to the National Energy Board concerning key issues raised by DFO 
and others in advice to the Board concerning our proposed western Gulf of St. Lawrence 
seismic program. We appreciate the advice, and have noted the additional information and 
clarification they provided related to the marine resources and habitats within the project 
area. We also appreciate their willingness to work with us on monitoring and assessment 
issues, and will discuss practical means of working with them when the project is approved. 
  
In our response to the Board, rather than focusing on the details of the comments received 
(some of which are in dispute), we have concentrated on the issue of appropriate mitigations 
and improvements for the project, which DFO in its advice (Section 4) states are necessary to 
overcome uncertainties and further address any residual impacts. We believe that in doing so 
we also address concerns raised by Environment Canada, GREMM (R. Michaud) and the 
Mingan Island Cetacean Study (R. Sears).  
 
Additionally, we include an Appendix to our response with further information and points of 
clarification which we feel are important for the Board to consider in its assessment of this 
project. These are related to the comments from DFO, Environment Canada, GREMM and 
the Mingan Island Cetacean Study. 
 
In this regard, GSI believes it has addressed the uncertainties raised (through additional 
mitigations and scaled-down programs) so that our answers to Question 1 and 2 in the NEB's 
31 October 2003 letter are in the affirmative. Having answered  "yes" to Question 2, we have 
therefore not replied to Question 3. 
 
Sincerely, 
 
 
Geophysical Service Incorporated 
H. Paul Einarsson, Chairman 
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Geophysical Service Incorporated Western Gulf of St. Lawrence Marine 
Seismic Program 2003: Responses  
 
Although GSI is confident that its survey and the mitigations proposed in its 
Environmental Assessment (EA) report will ensure that no significant adverse 
environmental effects occur, we recognize that this current survey has raised 
apprehensions well beyond those in areas where seismic surveys are more 
commonplace. 
 
Therefore, to provide a greater level of comfort, and to allow GSI to demonstrate 
that this survey is safe, GSI is prepared to 1. modify / reduce components of its 
program, 2. undertake additional field monitoring, and 3.implement additional 
mitigation measures.  
 
Thus GSI aims to address remaining concerns and uncertainties by implementing 
further measures in light of DFO's Scientific Advice, in addition to the 
precautionary measures already stipulated in the EA Report. This will establish a 
mitigation regime which goes well beyond those measures usually required of 
seismic surveys in other jurisdictions. 
 
 
 
Additional Mitigations and Improvements 
 
As Section 16(1) of the CEAA states, "Every screening or comprehensive study 
of a project and every mediation or assessment by a review panel shall include a 
consideration of ... (d) measures that are technically and economically feasible 
and that would mitigate any significant adverse environmental effects of the 
project." In Section 4, DFO recommends certain measures "to overcome 
uncertainties related to the projects". 
 
The measures recommended involve  

� � Modifying / improving some of the projects' components to reduce their 
potential impacts on marine resources; 

� � Gathering additional baseline information 
� � Developing and implementing additional mitigation measures in order to 

significantly reduce residual impacts of the projects. 
 
DFO also recommends environmental effects monitoring during the proposed 
seismic surveys which could help in the design and assessment of future seismic 
projects, though DFO notes that this recommendation "should not be viewed as 
an essential requirement for the projects to be conducted". 
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1. Modification of Project Components  
 
1A. DFO Advice: Reduce the number of survey lines in the National Energy 
Board (NEB) administered area so that the proposed survey is limited to the 
minimum required to get the information that is needed. 

Response: GSI will reduce the number of lines in the NEB area as shown on 
the following map in Figure 1. This reduces the project to the bare minimum 
required to collect the information required for this survey, as well as to make 
the survey economically feasible. 

Dropping one full and one partial line off the eastern end of Anticosti Island (all 
of Line HQ-03-101 and part of HQ-03-124, see Figure 1) will 1. eliminate 
acquisition that crosses some of the shallowest and nearest-shore waters, 
identified by DFO (Section 4.3) as being particularly important for snow crab 
and lobster, 2. reduce the lines in the area where there was the greatest 
degree of geographical overlap, 3. remove lines identified in the EA (9.6.7) as 
being especially important for the sizeable number of Common Eiders 
(Somateria mollissima)  present in the survey area at this time of the year, mostly 
on the southern and eastern parts of Anticosti Island. Line 101 was also of 
concern to snow crab fishers, as identified during the consultations (EA, 
Appendix 13, APPQ / Lower North Shore Fishermen’s Association). 

As detailed in the EA (Section 10.1.3), the line immediately SE of the Magdalen 
Islands (HQ-03-115) will be curtailed within specific high biological value areas 
for scallop spawn and lobster, as identified during the consultations, and shown 
in Figure 1, below. 

In addition, GSI is prepared to further modify the location of Line HQ-03-124 and 
to drop Line HQ-03-103, both of which are near Anticosti Island, identified as 
being in sensitive areas and water depths by DFO. If the project is permitted, GSI 
will discuss this further with DFO and obtain their advice on whether to make 
these changes, as shown in Figure 2, or to keep the program as shown on the 
map in Figure 1. 
 
Specifically, GSI is willing to re-orient the existing Line HQ-03-124 so that it 
would begin in its current location in the west, but from there it would pivot south 
to avoid the shallower water and terminate south of 49 00 N at its eastern end, 
thus moving the line away from the island's coast.  
 
GSI is also prepared to remove Line HQ-03-103, off southwestern Anticosti, and 
instead to extend Line HQ-03-105 to the northwest, in the deeper water, to about 
20 km west of the NEB jurisdictional boundary. (The extension of HQ-03-105 
shown in Figure 2 would be necessary if HQ-03-103 is dropped in order for GSI 
to collect the minimum data required for this survey.) 
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Figure 1: Revised Programs, dropping west of Anticosti program (blue) and reducing the 
remaining program (red).
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Figure 2: Potential Further Revisions (subject to discussions with DFO - see text) 



GSI Response  5 

 

 

1B. DFO Advice: Target different periods of the year for the seismic surveys 
to the west and south (NEB area) of Anticosti Island to minimize specific and 
cumulative impacts. 

Response: DFO advises that the proponent should examine the possibility of 
proposing that one of the projects be carried out in the spring in order to limit 
the impacts of the projects on migration through the Laurentian Channel. DFO 
is also of the view that the project west of Anticosti Island seems most suitable 
for such a measure, possibly for both logistical and environmental reasons. 
 
GSI thus agrees to defer the project west of Anticosti at this time, as indicated 
on the map in Figure 1, above. This will also address or reduce the concerns 
for this proposal related to whales (DFO, the Mingan Island Cetacean Study 
and GREMM), seals, crab, lobster and the largest northern shrimp stock of the 
Gulf (DFO), and issues raised (by Environment Canada) related to seabirds 
and forage species in these areas. 
 

1C. DFO Advice: Begin as late as possible in the season, ideally at the 
beginning of December, and acquire the lines from the west to the east (to 
minimize impacts on fish migration, displacements of marine mammals, and 
potential impacts on redfish reproduction). 

Response: GSI expects the earliest it will begin the project is the latter half of 
November or early December, depending on approvals and logistics, which 
will move the survey window later into the season, as DFO recommends.  

In addition, GSI will proceed from west to east, as DFO advises. Specifically, 
GSI will begin by acquiring the lines west of the Magdalen Islands (west of 62 
00 W) first, and within this area will generally proceed west to east, to the 
extent feasible in light of the other mitigations. GSI will only proceed to the 
lines east of this after the western lines are completed, or when it is no longer 
possible or feasible to survey lines within the westerly area. The long NW - SE 
survey line in the Laurentian Channel (HQ-03-105, see Figure 1) will be 
acquired west to east. 

 
1D. DFO Advice: Limit surveys to daylight periods on all lines in order to 
ensure the protection of marine mammals which may not be seen at night; this 
will also provide a break for the vocalization and migration of marine 
mammals, and for foraging seals, capelin and sandlance. (Also advised by 
GREMM.) 
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Response: Restricting any survey to daylight hours only, would not be an 
economically feasible mitigation, given the costs and lost time involved. This 
would be especially difficult at this time of year, considering the reduced 
daylight (during December at 49 00 N latitude, this is only about 8 hours out of 
24). Nor is this a requirement in other jurisdictions where mitigations related to 
endangered marine mammals are stringent (e.g. the Gulf of Mexico). Such a 
requirement would also significantly lengthen the time - by 300% - that the 
survey would be present in the Gulf, and would make it difficult to complete 
before there is a risk of sea ice. 
 
If GSI were limited to daylight acquisition it could not implement its mitigations 
related to important seabird areas, identified in the EA report and of concern 
to Environment Canada. The mitigations require that certain lines be acquired 
after dark so that seabirds will not be interrupted during feeding periods (see 
EA Section 10.1.2, EA-2). 
 
However, to provide the best opportunity to locate marine mammals during the 
day, the night or in bad visibility, GSI has contracted with Seamap Ltd. to 
deploy and operate its passive acoustic monitoring system which can identify and 
locate (range) cetaceans. This system has been used very successfully in other 
parts of the world, and was used in Atlantic Canada this year by WesternGeco on 
their Stonehouse survey for EnCana on the Scotian Shelf. The system would be 
operated continuously day and night, on all survey lines. This will then ensure 
that all lines are treated equally, as important habitat (which DFO requests 
elsewhere in its advice), providing much better coverage than visual observations 
alone. 
 
GSI proposes to deploy the system from the guard / scout boat; the operators will 
also provide visual observer coverage during good visibility and daylight. This will 
allow greatest flexibility to locate and monitor whales. This, coupled with visual 
observers on the GSI Admiral, will provide superior locational capabilities (for 
safety zone shutdowns), as well as cetacean occurrence data, effects monitoring 
data and concurrent records of the array output, as measured from various points 
along the 6,000 m streamer. All of these data can also be provided to DFO.  
 
More information on this system is provided in the following Appendix (Item 2).  
 
DFO feels night-time shutdowns might allow periods of respite for various 
marine species. In this regard, the survey will no doubt experience frequent 
stoppages during the operations. Even when operating during less inclement 
times of the year (e.g. on the Scotian Shelf in summer) we would not expect to 
acquire data (or for the array to be active) more than about 40% - 60% of the 
time, over all. Given the realities of late-November - December weather in the 
northern Gulf, the ratio could be even lower for this project.  
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Figure 3: Illustration of survey timing in relation to Location 
 
 
Even in the unlikely event that the survey experienced no delays, shutdowns 
or interruptions, the ship's movements along its route (at the expected 
maximum speed of approximately 8 - 9 km/hour) will ensure that the 
ensonified zone will not be focused in any one area for a significant length of 
time, as Figure 3 illustrates.  
 
In any case, the elimination of the project lines west of Anticosti should 
alleviate DFO's concerns about beluga, seals and their prey in the Port -
Menier/Sept-Iles - Gaspé areas.  
 
 
2. Additional Baseline Information 
 
2A. DFO Advice: GSI should validate sound propagation in the survey area, 
either directly in the field or from past studies in similar environments.  
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Response: Although GSI believes that its estimates of sound propagation 
(transmission loss) and the safety zone defined on the basis of these estimates 
are conservative (see Appendix, Item 1 for further information and comparisons), 
GSI will validate sound propagation from its air source array in the field at the 
beginning of the survey. It will do this by measuring the actual levels from its 
array utilizing the streamer and recording system that is also utilized in its seismic 
research.  
 
Based on the measurement of the received levels from its array, GSI will expand 
the definition of its 180 dB safety (shutdown) zone, if necessary. Further, even if 
the measurement of this 180 dB area shows that it is less than 500 m, GSI will 
maintain this radius for its whale shutdown "safety zone", to provide a 
precautionary buffer. 
 
In addition to validating (and increasing, if necessary) the safety zone before the 
survey, GSI will continue to collect sound pressure data and transmission loss 
data throughout the survey. This will provide DFO with a significant amount of 
georeferenced field data specifically from the Gulf for use in its own sound model 
development.  
 
 
2B. DFO Advice: GSI should revise and expand its identification of sensitive 
areas for marine mammals, to consider the importance of the NW Gulf for 
Beluga, and the Laurentian Channel as a migration route for large cetaceans 
at the time of the surveys (also a concern for GREMM and the Mingan Island 
Cetacean Study). Downstream in the Laurentian Channel, groundfish migration 
and for redfish reproduction areas should be considered. GSI should provide 
its criteria for its definition of sensitive areas for marine mammals. 
 
Response: Because GSI will be employing a passive acoustic monitoring 
system in all areas, 24-hours a day, each survey line and area will be treated, 
in effect, as a sensitive area. 
 
In addition, the mitigation procedures for the survey will include (in addition to 
blue whales) the same shutdown protocols for beluga and northern right whales. 
Further, by deferring the project in the northwest Gulf (i.e. west of Anticosti), 
the beluga whale should be of reduced concern.  
 
In order to minimize possible impacts on groundfish migration and redfish 
spawning areas, and displacements of marine mammals, GSI will proceed 
from west to east in its survey, as DFO advises, and as discussed above (1C). 
 
GSI's response to NEB IR 5.11 (dated 23 September 2003) provides 
information about the criteria used to identify sensitive areas (i.e. about the 
weighted index and related map of sensitive areas, provided in EA Appendix 11).  
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3. Additional mitigation measures 
 
3A. DFO Advice: Avoid the coastal areas in the northern Gulf to reduce the 
impacts of the projects on lobster and snow crab (egg-bearing females); no 
transect should be carried out at a depth lower than 120 meters for the 
portions of the projects scheduled in the northern Gulf (North Shore, Anticosti 
Island, and the Gaspesia peninsula) and Bradelle Bank area. 
 
Response: DFO notes in its Scientific Advice (Section 2.2.3.1), "Conclusions 
of the most recent study on the effect of seismic energy on snow crab in the 
Newfoundland area (LGL Ltd Report: Christian et al., 2003) show a probable 
impact on egg development when eggs are subjected to a short distance 
treatment (2 m) after 12 weeks of incubation in laboratory. ... it also shows a 
significant lethal effect on eggs subjected to the same short distance treatment. 
... one knows that females are very strongly concentrated, especially those that 
will release their embryos at the next spring, and that they winter for the majority 
at depths from 45 to 110 meters. Although the impacts on eggs seem to be 
negative only at very short distances, we consider that the proponent did not 
clearly demonstrate the absence of risks of significant impacts related to the use 
of guns close to bottoms where egg-bearing mature females are present."1 In 
light of DFO's concurrence that the best available and most current information 
indicates impacts only within approximately 2 metres of an array (which also 
matches the range found for impacts on eggs and larvae of different species in 
several other studies, as cited in the EA), the request to avoid all depths less 
than 120 metres appears unnecessary.  
 
Considering the depths that DFO notes female snow crabs are concentrated (45 
- 110 m), and the maximum depth of GSI's array (6 m from the surface), the 
sound source will never come close to the 2-m range where harm might occur. In 
addition, it should be borne in mind that the array is an impulsive, not a 
continuous source, activating every 25 metres, or about every 8-10 seconds, for 
11/1000 of a second.  
 
Considering further the small energy source proposed, the small extent and 
short duration of the survey, and the distant line spacing which ensures that 
any exposure of crab aggregation (or of shrimp and lobster) would be a "one 
time" occurrence, there is no basis for a determination of significant adverse 
effects without the 120 m water depth restriction requested by DFO.  

                                            
1 It is also relevant that the Science Review of seismic survey impacts (November 2002, 
Section 4.2.1) established as a result of the Cape Breton Public Review states "snow 
crab is likely the most exposed to sound of the benthic invertebrate resources 
and provides an adequate model for many benthic invertebrates," and that the 
preliminary results of the ESRF study and their own judgement indicate "that there would 
be no perceptible negative impact on snow crab populations". 
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In any case, GSI has agreed not to conduct the survey in the identified areas 
in the northwestern Gulf, and it has dropped Line 101 off NE Anticosti, and 
part of Line 124 nearest Anticosti. 
 
 
3B. DFO Advice: Conduct marine mammal inventories in conjunction with 
seismic surveys using aerial surveys to determine the presence of the most 
vulnerable species. (This was also recommended by the Mingan Island 
Cetacean Study.) 
 
Response: Arial surveys are not economically feasible for a survey as small 
as that proposed by GSI. In addition, the value of these surveys for sighting 
marine mammals is not high, since they are hard to detect from a high-flying 
aircraft, especially because of glare, poor visibility, rough surface conditions, 
or darkness, and because they spend extended periods under water. If the 
aircraft was to come close to marine mammals, more disturbance effects 
might occur, adding to possible cumulative effects. 
 
However, the use of passive acoustic monitoring on the guard boat, in 
conjunction with visual observers on the GSI Admiral, will extend the 
geographical range of the observations and enhance the opportunity to 
undertake the inventories committed to in the EA. Seamap reports that their 
passive acoustic monitoring system has been effective up to 6 km, and 
beyond in some areas. 
 
The data collected will be much more complete and useful than observations 
alone, and can locate fully submerged animals undetectable from airplanes. 
 
 
3C. DFO Advice: Shutdowns should be initiated if aerial surveys show marine 
mammals (particularly in the Sept-Îles, Gaspé and Laurentian Channel areas) 
within a specified range from the sound source to avoid behavioural impacts 
on individuals based on exposure thresholds for disturbance of marine 
mammals.  
 
Response: As noted above, aerial surveys are not feasible for this project, 
and may be ineffective for locating marine mammals when compared to the 
passive acoustic monitoring and visual observations proposed by GSI. Any 
potential effects on whales in the Sept-Îles and northern Gaspé area will have 
been removed by deferring the survey west of Anticosti, as DFO advises. 
Also, by proceeding west to east with the survey should help reduce potential 
effects on migration, as DFO notes. The illustration contained in response 1D 
(above) showing timing and line sequences is also useful in understanding the 
limited extent to which any area will be affected at any given time. 
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Shutdown procedures for marine mammals within the broad geographic range 
of possible behavioural response are not technically or economically feasible 
to implement, nor are they protocols deemed necessary in other jurisdictions. 
Further, none of the literature suggests that behavioural responses to seismic 
arrays cause such adverse impacts as to threaten the survival of individuals or 
populations. See a further discussion of behavioural/disturbance issues in the 
attached Appendix, Item 4, and especially the conclusions of the Science 
Review (November 2002) of proposed seismic surveys in the southern Gulf of 
St. Lawrence and Sydney Bight areas, Appendix Item 5. 
 
 
3D. DFO Advice: GSI should develop protocols to detect and assess marine 
mammal strandings during and shortly after the surveys. Aerial surveys could 
be useful in this regard. It is also important to outline responses to these 
strandings, including necropsies and pathology follow-up work that would be 
undertaken to verify if seismic operations have/have not had a negative effect.  
 
Response: Geophysical (seismic) surveys have not been associated with 
whale strandings or beachings, despite the hundreds of thousands of seismic 
programs that have occurred. While there are currently strong suspicions that 
military sonar causes strandings and physical harm, this is a different 
technology and sound source, and should not be confused with geophysical 
air source arrays. 
 
As noted in the EA, GSI will maintain a watch (utilizing passive acoustic 
monitoring and observers) for marine mammals during the survey, and the use 
of the guard vessel will provide additional mobility and coverage for a range of 
operations and observations.  
 
If stranded or harmed whales are discovered in the Gulf (or anywhere else in 
Canadian jurisdiction), GSI would expect that DFO would wish to respond to 
and be responsible for assessing the cause, including conducting necropsies 
and pathology. GSI does not feel it would be appropriate or acceptable to the 
public for GSI, or its scientists, to assume this responsibility. 
 
 
4. Environmental Effects Monitoring 
 
Although DFO notes that this recommendation "should not be viewed as an 
essential requirement for the projects to be conducted", it recommends the 
development of an environmental effects monitoring program during the proposed 
seismic surveys which could help in the design and assessment of future seismic 
projects. DFO suggests "monitoring of marine mammal movements and behaviour 
(through aerial surveys and/or satellite tagging of individuals) during the surveys", 
in particular. 
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GSI has already provided its comments on aerial surveys for this project, but it 
does intend to conduct effects monitoring during the survey. As identified in the 
EA 
 

� � GSI will monitor for and record sightings of birds and all marine mammals, 
including details of their response to the seismic vessel (array on / array 
off). 

 
� � A follow-up program, which will provide a mechanism to monitor and 

reinforce, if necessary, the effectiveness of its safety zone (EA, Section 
10.2, FP-1). 

 
� � A fisheries observer will monitor for fisheries conflicts or other related 

issues and prepare reports on the survey. 
 
Additionally, GSI will 
 

� � Deploy, 24-hours a day, a passive acoustic monitoring system to monitor 
for the presence of marine mammals and record data related to behaviour 
and communications. This system (see specifications in the Appendix) will 
also provide location information and species identification, all of which 
can be provided to DFO. 

 
� � Conduct initial field measurements to measure sound propagation and to 

validate (and adjust if necessary) the safety zone. 
 

� � Conduct and record measurements of received sound levels, including 
such characteristics and parameters as pressure measurements along the 
length of the 6,000m streamer and a calculation of transmission loss. 
These data will be provided to DFO for use in its research and sound 
modelling. GSI will also investigate the possibility of collecting concurrent 
data for such variables as sea-state, temperature and salinity. 

 
� � GSI is also investigating the possibility of acquiring at least a portion of its 

survey using a 1,310 cu. in. source (half the proposed 2,620 cu.in. 
configuration), to investigate whether the data quality can be maintained 
and allow lower source levels for future surveys. 

 
GSI will contact DFO to discuss these matters and data requirements 
(parameters and format) as soon as the project is approved. 
 
GSI will also be involved in collecting additional environmental effects monitoring 
(EEM) information which will be relevant to the western Gulf and this information 
will be made available to DFO Quebec. This information will be collected during a 
separate GSI survey within the Southern Gulf (Nova Scotia area). It will include a 
crab catch study being designed in conjunction with DFO in Nova Scotia, and will 
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involve 3 days of fishing before seismic surveying and 3 days of fishing after 
seismic surveying. Further measurements of sound propagation will also be 
collected and provided to DFO (Centre for Offshore Oil and Gas Environmental 
Research) for analysis. 
 
 
Summary of Mitigation Measures 
 
The following is a summary of the mitigation and precautionary measures 
proposed in GSI's West Gulf of St. Lawrence Survey 2003 Environmental 
Assessment and those added in response to recommendations received in the 
Scientific Advice: 
 

� � Timing of the survey (November-December) for a period of lower potential 

impact 

� � Use of a 2,620 cu.in. air source array 

� � Dropping or curtailing lines in certain areas identified as sensitive 

� � Program west of Anticosti will be deferred, as advised by DFO 

� � Small remaining survey program with widely-spaced lines and little overlap  

� � Field verification of received sound levels at program startup 

� � Measurement of the intensity of the sound emitted by the air source array 

at specific distances along the streamer during the program to validate 

transmission loss 

� � Use of the SEAMAP cetacean passive acoustic monitoring (detection) 

system at all times, in conjunction with visual observers when there is 

sufficient visibility  

� � Guard / scout boat for additional observation, monitoring marine traffic, 

scouting for hazards to navigation and monitoring any fishing activities 

� � Observations for marine mammals before start-up  

� � Soft-start protocol  

� � Protocol for localizing soft-starts in certain zones  

� � Shutdown protocol for blue, beluga and northern right whales (zone 

verified by field measurements before the survey)  

� � Avoidance protocol for high biologic value areas (which include the Gaspé 

Peninsula's Forillon National Park and Bonaventure Island) 
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� � Avoidance protocol for high biological value areas at certain times of the 

day or the night to protect bird and marine mammal feeding periods 

� � Avoidance protocol for scallop spawn and lobster habitat in important 

areas near the Magdalen Islands. 

� � Seismic data acquisition will proceed primarily from west to east to further 

reduce the potential for behavioural impacts on marine mammals, and on 

groundfish or redfish 

� � Late survey start (likely late November)  

� � Communications plan (Notices to Shipping, radio contact) 

� � Fisheries Liaison Officer on board the survey vessel at all times 

� � Working Protocol for commercial fishing and current traditional activities 

zones  

� � Procedure to document fishing gear damage  

� � Compensation protocol in case of fishing gear damage 

� � Solid and liquid wastes management protocol aboard ships  

� � Emergency response plan in case of any spills  

� � Emergency response in case of accidents 

� � Assessment protocol (follow-up) to establish the accuracy of the predicted 

environmental effects 
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APPENDIX 
 
 
1. Sound Propagation / Transmission Loss Modelling 
 
DFO questions the adequacy of the EA's predictions of sound propagation and 
received levels to undertake the impact assessment and define areas for 
mitigations. In its discussion of sound propagation modelling (2.1), DFO states 
"We recognize that an exposure model, based specifically on results from a 
Gulf sound propagation model is not possible at this stage, but a generalized 
exposure model should be possible." Although GSI presented a generalized 
exposure model in the EA Report (Section 2.7), DFO points to the modelling 
undertaken for the Sable Gully project's seismic impact assessment as an 
example of what might have been done by GSI for the Gulf.  
 
That EA (Moulton et al 2003) was prepared for Marathon Canada Ltd.'s 2003 3D 
seismic program bordering the Sable Gully candidate Marine Protected Area 
(800 m distant at its closest point), and 10.6 km from the Sable Gully Whale 
Sanctuary, which is within the candidate Marine Protected Area. The Gully area 
is primary habitat for the endangered Scotian Shelf northern bottlenose whale 
population. The Gully and the survey area are also frequented by several other 
whale species, such as fin whales, blue whales and sperm whales. The Marathon 
seismic survey took place from June to October 2003 (CNSOPB 2003), during 
the period of highest over-all whale abundance on the Shelf and slope (Breeze et 
al 2002). 
 
Because of the survey's close proximity to the Gully, Marathon Canada Ltd. 
undertook modelling of sound transmission loss, so that levels that might be 
received by marine mammals within the Gully could be estimated. JASCO 
Research Ltd. conducted the transmission loss modelling of the 4,450 cubic inch, 
240 dB (rms) array2 using a Range-dependent Acoustic Model, which computes 
transmission loss at single frequencies for a range-dependent profile of sound 
speed, bathymetry and bottom type.3 It was run in the frequency range from 
10Hz to 2 kHz, though, as that EA notes, airgun source spectra drop off rapidly 
with frequency above 500 Hz. The model analyzed three tracks from the survey 
area to different locations in and across the Gully, the maximum (Track C) being 
more than 70 km in length. Water depths in the area of the tracks ranged from 

                                            
2 The two 4,450 cu. in. arrays each deliver 105 bar metres, peak-to-peak, 240 dB re 
1uPa (rms). The 24-component arrays were made up of individual units ranging in size 
from 70 to 330 cu. in., towed at a depth of 6 m (Moulton et al 2003, Section 2.3). This 
array is a significantly more robust configuration than the 2,620 cu. in. / 57.6 bar metres 
peak-to-peak / 214 dB source (composed of twelve 70 cu. in. to 260 cu. in. components) 
proposed by GSI for the Gulf. 
3 There is a good deal of data on the bathymetry, water temperatures and bottom types 
in this area owing to nearby oil and gas production and exploration, and research related 
to the Gully area. 
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about 2300 m to about 500 m. The tracks of the three lines modeled were chosen 
to approximate broadside, forward end-fire, and average sound propagation. 
Different receiver depths were also modeled.  
 
The modelling was conducted for sound speed profiles representing May, June 
and August to cover both worst and best case scenarios for sound speed and 
channelling. (It was observed that when the shallow sound channel was present, 
in May, some sound levels were 10 dB - 15 dB higher than in August.) 
 
Overall, the sound propagation modelling results (Section 7.3.4) indicated a 
"worst case" scenario for the 4,450 cubic inch array with the following predicted 
received sound levels (dB re 1uPa, RMS) at the distances indicated from the 
array: 
 
190 dB at 120 m 
180 dB at 405 m 
160 dB at 3.3 km - 12.4 km 
 
The study observes that "the sound speed profile does not strongly influence the 
180 and 190 dB ranges because these ranges occur relatively close to the 
source where refractive effects would be reduced." Concerning the 160 dB zone, 
the study states, "these are conservative estimates in that they represent 
maximal sound levels at all water depths along the modelled tracks. The 160 dB 
zone is larger in deep water where sound does not interact multiple times with 
the seabed". This is important, since in the Gulf the depths to be surveyed are in 
relatively shallower water (i.e. less than 400 m), so the 160 dB zone would be 
expected to be smaller, due to the attenuation of sound by the uneven and 
shallow sea bed in the survey area.4 
 
As a result of this modelling, the area within 405 m of the 4,450 cubic inch array 
was proposed as the shutdown "safety zone" for the Marathon survey: if any 
baleen whale or northern bottlenose whale was observed within this area, the 
array would be stopped. This zone, initially 500 m, was later increased to 700m 
as a precaution, though no marine mammals were observed within the applicable 
safety zone while the array was active, and there were no related shutdowns 
throughout the project (D. Murphy, Marathon Canada Ltd, pers. com. October 
2003; V. Moulton, LGL, pers. com. November 2003).5 

                                            
4 Although in shallower water than the Gulf survey area, a recent unpublished study for 
WesternGeco in the Mackenzie Delta and River showed very rapid attenuation in 
shallow water where sound interacts with the bottom. Other published studies which 
demonstrate this effect include Pickett et al (1994) and Nedwell et al (1996). Nedwell et 
al (1994), in a study of transmission loss in Poole Bay in the U.K. (depths from 5 - 20 m), 
found that actual shallow water transmission loss was between 20 to 26log R dB, i.e. 
equal to or greater than for the simple spherical spreading expected in deeper waters. 
5 The EnCana (Stonehouse) 3D survey on the Shelf edge east of the Marathon area, 
which took place from May to June, also recorded no marine mammals approaching to 
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In conjunction with this seismic survey, DFO (through the Centre for Offshore Oil 
and Gas Environmental Research, COOGER) conducted a study of marine 
mammal responses in the area, as DFO Quebec notes in its Scientific Advice. 
Although the data analysis is not complete and final results are not expected until 
2004, Dr. Ken Lee of COOGER is recorded recently as stating, based on visual 
observations, that "it appears seismic testing's sound waves do not scare whales 
away, as the animals were observed in the area before, during and after the air 
guns were fired" (Harrison, 2003; K. Lee, pers. com. October 2003).6  
 
It should also be noted that the 3D Marathon Canada survey was focused in a 
relatively confined area adjacent to the candidate Marine Protected Area (2,259 
km2 within Exploration Leases 2410 and 2411), and the survey continued from 
June to October. Thus exposure for marine mammals in adjacent areas would 
have been relatively continuous (4 - 5 months), compared to the proposed GSI 
Gulf program, which is only a few weeks in duration, ranges over a much broader 
region, and does not focus on any one area for more than a few hours. 
 
DFO in its Scientific Advice to GSI (2.1) states "Given that the impact distances 
(both damage and disturbance) on fish and marine mammals have been 
calculated using an over-simplified model of sound propagation the impact 
distances presented by the proponent cannot be considered realistic and would 
be the equivalent of the best-case scenario, i.e. maximum sound attenuation 
from the source, therefore minimum impact distance". To test this statement, 
GSI compared the results of the Marathon modelling with the sound-at-distance 
predicted by the simplified spreading model used in its Western Gulf EA (Section 
2.7). For the 4,450 cubic inch array, and the water depths modelled in the 
Marathon EA (>500m), the GSI EA model predicts the following thresholds: 
 
190 dB at 380 m 
180 dB at 1,024 m 
160 dB at >10 km  
 
These sound level estimates are thus more conservative than those produced by 
the modelling for the Marathon 4,450 cubic inch array. Consequently, GSI 
contends that its model is far from being a "best case" estimate, and in this 
instance is more conservative than the "worst case" predictions in the Marathon 
study.7 

                                                                                                                                  
within the shutdown zone. In addition to observers, this survey used passive acoustic 
monitoring designed to detect marine mammals (Seamap). 
6 This is also consonant with the initial results of a major MMS study in the Gulf of 
Mexico, to be released in 2004, involving the tagging and tracking of endangered sperm 
whales, which suggest that these whales may not significantly alter their behaviour when 
seismic arrays are active (Biers 2003, reporting on a presentation of preliminary results). 
7 Variations in the water depth will influence the propagation of seismic signals, but lower 
frequencies are affected to a much lesser degree than sound waves with higher 
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Although DFO raises the issue of "sound channels" as having the potential to 
greatly affect GSI's t predictions, given the location of the sound source (6 m) 
and the depths in the Gulf, this is not likely to be an important factor. See Item 7, 
below, in this Appendix. 
 
GSI is also able to verify actual transmission loss utilizing the towed streamer 
and recording system which is used for its seismic research. This sensitive 
equipment is specifically designed to record sound in a very detailed and specific 
manner, and to record precise locations and other information.8 In fact, each 
seismic line in GSI's 250,000+ km database of seismic data can be used in this 
way to validate transmission loss.  
 
Using the seismic recording equipment, GSI will measure the actual levels from 
its array before beginning the Gulf survey, and will adjust the definition of its 180 
dB safety (shutdown) zone based on these measurements if necessary. Further, 
even if the measurements of this 180 dB area are less than 500 m, GSI is 
prepared to maintain a shutdown "safety zone" of 500 m to provide an additional 
buffer, as a precaution, to address any remaining concerns about the extent of 
the area within which cetaceans might experience direct physical effects.9  
 
GSI will also provide transmission loss information recorded in various areas of 
the Gulf to DFO, if it so requests. 
 
 
2. Passive Acoustic Monitoring 
 
To address the issue of night-time / poor visibility observations, GSI has 
contracted with Seamap Ltd. to deploy and operate its cetacean acoustic 
monitoring system during the survey, which can identify and locate (range) 
marine mammals, including blue whales. This was used successfully in Atlantic 

                                                                                                                                  
frequencies. Although a cylindrical decay law is often assumed in shallow waters (SL = 
10log R dB) as in the GSI EA model, this is not the case for lower frequencies, because 
they travel through the rocks beneath the sea, and therefore attain a decay rate that is 
much closer to the deep-water conditions, i.e. a spherical decay law, with much stronger 
attenuation (20log R dB). 
8 Conducting seismic research requires extensive and careful testing, validation, and 
design of each individual element in the air source array. Further, extensive and careful 
design is required to put individual elements together into an array. Tens of millions of 
dollars and the extensive efforts and expertise of acoustic scientists allows our industry 
to meet the extensive and strict technical specifications necessary to conduct seismic 
research. The seismic equipment, which costs millions of dollars, is so sensitive that 
there are restrictions as to sale or lease to non COCOM countries/companies. 
9 The Mingan Island Cetacean Study in its letter questions the use of a 500 m safety 
zone when the streamer is 6,000 m long; however, the source array is immediately 
behind the ship and is the sole acoustic source, while the 6,000 m streamer is simply a 
long passive listening device. 
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Canada this year by WesternGeco on the EnCana Stonehouse survey. The 
system is also used regularly in the Gulf of Mexico, such as monitoring sperm 
whale locations in the multi-year SWSS study being conducted by the U.S. 
Minerals Management Service (MMS). 
 
This system will effectively allow the survey to treat all of the lines as important 
habitat areas, rather than just those lines where daylight restrictions were 
proposed in the EA in order to determine the presence of whales. 
 
Moscrop and Swift (1999), discussing the effectiveness of mitigations for seismic 
surveys in a report to Greenpeace, state "it has been demonstrated that acoustic 
methods of detection are the most useful and efficient method for some species, 
e.g. sperm whales and harbour porpoise (Chappell et al., 1996; Gordon et al., 
1998a). In association with sightings this would increase cetaceans detection 
rates and therefore assist in minimising disturbance to cetaceans. Würsig and 
Evans (1998) note the importance of conducting simultaneous acoustic and 
visual surveys as each technique has its advantages and disadvantages. HESS 
Panel (HESS, 1997) note the value of passive acoustic monitoring, and Clark and 
Charif (1998) note that acoustic methods can be used in seasons and at times of 
the day when visual surveys are impossible, and can detect whales at greater 
ranges than visual methods. (Visual observations during seismic surveys in 1997 
detected fin whales in only 5 of 10 months when surveys were conducted Stone 
(1998) even though fin whales were detected acoustically in all months). Goold 
(1996 & 1998) reported that passive acoustics showed its worth during surveys 
for common dolphins of Pembrokeshire, W. Wales, as dolphins were sighted very 
infrequently but acoustic contacts were numerous, indicating that the dolphins 
were in the vicinity of the seismic vessel even though they could not be seen. 
 
Gillespie et al. (1998) reported on acoustic monitoring for cetaceans from the 
guard boat Antares around the seismic vessel Mintrop in 1997. The guard boat 
monitored a corridor ahead of the seismic vessel for 30 minutes prior to a survey 
leg, with guns only starting up in areas believed to be free of cetaceans. 
Cetaceans were detected acoustically on 18 occasions immediately preceding 
air-gun start-up. On three of these occasions the line was abandoned. On four 
occasions cetaceans were localised either visually or acoustically and 
determined to be over 500 m from the air guns. On eleven occasions, gun start-
up was delayed until the cetaceans had not been detected for a minimum of 20 
minutes. Gillespie et al. (1998) reported that when visual observations (collected 
by observers on Antares and Mintrop) were compared to acoustic detections, 
acoustic monitoring was found to offer at least an eight-fold improvement in 
detection rates for the odontocete species described."  
 
More information on the capabilities of the Seamap system and software is 
available at http://www.geophysicalservice.com/images/Cetacean.pdf. 
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3. The 180 dB Zone and Physical Effects on Marine Mammals 
 
DFO (Section 2.3.4) questions the appropriateness of the 180 dB "threshold" for 
transient physical impacts on marine mammals (specifically, temporary threshold 
shifts). The 180 dB isopleth zone is a safety threshold which has been applied in 
several jurisdictions around the world, such as Canada, the US and the UK. It is 
supported by several studies, cited in GSI's EA report, and in 1997 it was 
recommended by a panel of experts, convened by California's High Energy 
Seismic Survey Panel (HESS, 1997), as a precautionary threshold. 
 
Although it is intended to deal with SURTASS LFA sonar,10 a US Department of 
the Navy (2001) document explaining the selection of 180 dB as "the upper 
reference point in the risk continuum" provides a useful summary of the rationale.  
 
On the issue of the 180 dB precautionary threshold, GREMM states in its 
comments filed with the NEB, "The study's authors claim that the minimum noise 
level that entails a loss in hearing sensitivity of a cetacean is at 180 dB re 1 uPa 
(section 9.6.6 C, p. 246). These results are from the study of Schlundt et al 
(2000) and have recently been corroborated by other researchers (Finneran et al 
2002, Nachtigall et al 2003). However, these losses in hearing sensitivity were 
obtained after very brief exposure to some very powerful sounds: between 178 
and 201 dB re 1 uPa for 1 second once per day" (GSI's translation). 
 
This statement is misleading and requires clarification. The Schlundt et al study 
was designed to determine temporary threshold shift (TTS) thresholds at different 
frequencies, not to assess the duration required to produce TTS. In addition, 
these were 1-second continuous pure tones (vs. 11 millisecond for the main 
impulse emitted by a seismic array: i.e. nearly 100 times longer in duration), with 
a fast rise time (0.5 ms). Most of the tones were also at very high frequencies 
(0.4, 3, 10, 20, and 75 kHz) compared to the main energy produced by a seismic 
array (<0.2 kHz). 
 
The study, which examined the responses of five bottlenose dolphins and two 
beluga whales, concluded that the stimuli necessary to induce 6 dB or larger 
temporary threshold shifts in the test subjects "were generally between 192 and 
201 dB re: 1 µPa. The exceptions occurred at the 75 kHz fatiguing stimulus 
frequency, where one dolphin exhibited [a shift] after exposure at 182 dB 
re: 1 µPa and the other dolphin did not show any shift after exposure to maximum 
levels of 193 dB re: 1 µPa, and at 0.4 kHz, where no subjects exhibited shifts at 
levels up to 193 dB re: 1 µPa. The shifts that were observed most often occurred 
at frequencies above that of the fatiguing stimulus. Dolphins began to exhibit 

altered behavior at levels of 178–193 dB re: 1µPa and above; white whales 

                                            
10 Because seismic impulses are very short duration (ca 25 ms) sound pulses, they have 
less impact than equivalent received levels of continuous sound, such as LFA sonar. 
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displayed altered behavior at 180–196 dB re: 1 µPa and above. At the conclusion 

of the study all thresholds were at baseline values. These data confirm that 
cetaceans are susceptible to TTS and that small levels of TTS may be fully 

recovered" (Section IV). 
 
The study by Finneran et al (2000) cited by GREMM involved sounds 
approximating underwater explosions (5 kg to 500 kg of HBX-1 explosives), 
rather than seismic air sources. Even at the highest impulse level generated 
(500 kg at 1.7 km), the bottlenose dolphins and beluga whale exhibited no shift in 
hearing thresholds. 
 
The Nachtigall et al (2003) study referenced by GREMM involved long exposures 
to continuous sounds (41 - 54 minutes). It was found that TTS only occurred 
once levels of 179 dB re: 1µPa were reached (with 47-54 minutes of continuous 
exposure), and TTS was not observed at levels below this, even after 44 minutes 
of continuous exposure. The authors also found that full recovery occurred 
"within 45 minutes following noise exposure" (Section III).  
 
In another recent study (not cited by GREMM), Finneran et al (2002) report on 
another threshold study involving a bottlenose dolphin and a beluga whale. TTS 
was observed in the beluga after exposure to an impulse of 226 dB re 1 µPap-p 
from a seismic watergun, with total energy fluxes of 186 dB re 1 µPa2·s. 
However, recovery occurred within four minutes of exposure. No shift was 
observed in the dolphin, even at the highest exposure conditions (228 dB re 1 

µPap-p, 188 dB re 1 µPa2·s total energy flux). 
 
With regard to the area or geographical range of physical effects, it is important 
to clarify a statement made by DFO in Section 2.3.4 of its Scientific Advice. DFO 
cites a recent publication of the U.S. National Research Council of the National 
Academies, which reports that after exposure to sound levels of 153 dB off 
Newfoundland, two humpback whales were later found dead in fishing nets and 
"had experienced significant blast trauma to the temporal bones". 
 
However, these injuries were not related to seismic arrays, but rather to massive 
underwater explosive detonations (up to 5,500 kg of Tovex explosive per 
charge), as the original sources sited by the National Research Council of the 
National Academies make clear (Ketten et al 1993 and Todd et al 1996). This 
submarine blasting, which spanned a period of nearly 400 days in 1991 and 1992 
(Todd et al, Figure 4) was for the excavation of the sea floor inside Great 
Mosquito Cove in Trinity Bay, to create the 140,000 m2 drydock facility for the 
Hibernia offshore GBS. Further, the proximity to the detonations that caused 
these injuries is not known. The 153 dB levels referenced by DFO were recorded 
outside the cove, 1.83 km from the detonation site, and, as Todd et al state, "no 
physical barrier prevented whales from approaching ... to a distance of 
approximately 100 m from the blast site (the location of a security-net boom)". 
Todd et al states that the damage found during dissection of the humpback ears 



GSI Response  22 

occurred "likely as a result of shock waves". The authors speculate that 
behavioural anomalies among whales in Trinity Bay during this period (orientation 
ability) "may have occurred because of sensitivity threshold shifts or damaged 
hearing" caused by the explosives. 
 
Compressed air source arrays were specifically designed to eliminate such 
effects and the fish kills that were caused during the 1950s by underwater 
explosions used during geophysical exploration. Explosives cause a rapid rise to 
peak pressure, measured in microseconds (millionths of a second), whereas 
seismic device rise time is measured in milliseconds (thousandths of a second). 
The difference is that the rapid rise time involves very high pressures at high 
frequencies, which can kill marine animals at substantial range. The main sonic 
injury to fish involves a damaging resonance of their air-filled swim bladders by 
high-frequency pressure waves. The air source array, on the other hand, has 
been in use for over 35 years with no known cases of harm to marine life in an 
operating environment. (See Greene and Richardson 1988; Richardson et al. 
1995.) 
 
As noted, to further protect against the possibility of any physical effects, GSI will 
validate, and increase if necessary, its proposed safety shutdown area and will 
include (in addition to blue whales) the same shutdown protocols for beluga and 
northern right whales. As discussed above in the response, GSI will also utilize 
passive acoustic monitoring to locate (range) marine mammals, in order to 
address the issue of darkness and poor visibility limitations on visual 
observations. 
 
 
4. Behavioural Effects on Marine Mammals 
 
DFO notes in its Scientific Advice, and GSI agrees, it will not be possible to 
observe marine mammals at distances where some behavioural responses might 
occur. Nor is it possible to observe them visually when they are underwater. Thus 
even a highly-accurate prediction of sound levels at distances will not provide 
useful information for establishing zones of influence in order to implement 
mitigative measures. 
 
Seismic sound is expected to be perceived at distances of many kilometres, as is 
a considerable amount of anthropogenic (man-made) sound in the Gulf, 
particularly in the heavily used shipping routes through the Laurentian Channel, 
and to and from the St. Lawrence River. Any seismic survey at any time in the 
Gulf will result in sound being perceived (i.e. at levels above ambient noise) by 
individuals if they are in the general area, as it is on the Scotian Shelf, the Gulf of 
Mexico, the North Sea and all other active exploration areas where cetaceans 
occur. 
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There is no technically feasible way to stop some low frequency sound from 
propagating considerable distances; if preventing this was to be a pre-condition 
of seismic exploration, resource exploration would halt in all of the world's 
oceans. Such a requirement would also stop shipping, which is the primary and 
dominant source of low frequency sound in the world's oceans. 
 
The important point is that while seismic sound will travel and may be perceived 
by marine mammals, this does not mean it will necessarily cause a negative 
behavioural response. Further, none of the literature suggests that behavioural 
responses to seismic arrays cause such adverse impacts as to threaten the 
survival of individuals or populations. 
 
DFO states "Very few data exists on the degree of avoidance of seismic vessels 
by blue whales. ... There is, to our knowledge, no study that has examined the 
return time of individually identified large mysticetes such as blue, fin and 
humpback whales, to a feeding ground that has been disturbed by seismic 
activities (uncommon noise source)" (Scientific Advice, Section 2.3.4). 
 
In this regard, a recent study which reports on the behavioural response of whales 
to noise is relevant, for the species, timeframes and distances investigated. Croll et 
al (2001) reports on a manipulative field experiment to investigate the behavioural 
responses of fin and blue whales to loud, LF (low frequency, <1KHz) noise off 
California. The study was designed to examine "whether disturbance reactions 
were elicited over time scales of several weeks, and distances of tens of 
kilometres". Four behavioural variables were considered: foraging behavior, 
distribution and abundance, vocal behavior and residency in the area of 
ensonification. 
 
The sound source was a SURTASS LF sonar system capable of generating 
periodic impulses between 100 and 500Hz. The received levels (RL) were 
primarily in the 120 - 150 dB (rms) range, and the sound field was controlled so 
that the RL at an individual whale did not exceed 155 dB re 1 µPa. During 
transmission, 12% - 30% of the estimated received levels in the study area 
exceeded 140 dB re 1 µPa. However, whales continued to be seen foraging in 
the region throughout the study. Responses were observed using tracking devices 
attached to whales, shipboard and aerial visual monitoring, photography and 
passive acoustic monitoring.  
 
The 5-week study found "no obvious responses of rorquals to the presence of 
anthropogenic LF noise. It is possible (perhaps likely) that brief interruption of 
normal behavior or short-term physiological responses to LF noise at RLs of 
approximately 140 dB re 1 µPa have few serious welfare implications and no 
serious effects on survival and reproductive success in cetacean populations". 
(However, the study cautions that this does not preclude the possibility of 
significant impacts in the long-term to cumulative effects of LF anthropogenic 
sound from many sources, particularly shipping.) 
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DFO, citing bowhead whale studies indicating avoidance of surveys by 20-30 km, 
raises the fear of a "complete, temporary blockage of the main migration route of 
several species of marine mammals" in the Gulf. However, the National Research 
Council of the National Academies (2003) (the source cited by DFO in its 
Advice), notes that although migrating bowhead and gray whales divert around 
sources of noise (Richardson et al., 1995), "if no other option is available, 
migrating bowhead whales will pass through an ensonified field to continue 
their migration. During spring migration, when the only available lead was 
within 200 m of a projector playing sounds associated with a drilling platform, 
the bowheads continued through a sound field with received levels of 131 dB 
re 1 uPa". In any case, because the GSI array is a single moving point source, 
constantly travelling along different and wide-ranging survey lines, most 100 
km or longer, no single area will be occupied for more than a few hours, thus 
limiting the potential for blocking migration because the source and receiver 
(the whale) are both mobile.  
 
Further, concerning long-term retention issues (which would be related to much 
longer-term cumulative effects), the same source reports,"multiyear 
abandonment of a portion of the habitat because of human activity has been 
reported for Guerrero Negro Lagoon in Baja California, where shipping and 
dredging associated with an evaporative salt works project caused the whales 
to abandon the lagoon through most of the 1960s. When the boat traffic 
declined, the lagoon was reoccupied, first by single whales and subsequently 
by cow-calf pairs. By the early 1980s the number of cow-calf pairs using the 
lagoon far exceeded the number prior to the commencement of the commercial 
shipping (Bryant et al., 1984). Killer whales significantly reduced their use of 
Broughton Archipelago in British Columbia when high-amplitude acoustic 
harassment devices (AHDs) were installed to deter harbor seal predation at 
salmon farms. The AHDs operated between 1993 and 1999, and almost no 
whales were observed in the archipelago throughout most of this period. 
However, when the devices were removed in 1999, killer whales repopulated 
Broughton Archipelago within six months (Morton and Symonds, 2002)" 
(Section 3). 
 
A recent statistical analysis of marine mammal observations provides useful 
information about avoidance distances and durations specifically during seismic 
surveys using compressed air arrays. Stone (2003) reports on observations 
during 201 surveys in UK waters between 1998 and 2000 which recorded 
sightings of 28,165 individual marine mammals during more than 40,000 hours of 
observation. The analysis considered the frequency of sightings as well as the 
distance from the arrays (arrays firing vs. not firing).  
 
In terms of avoidance distances, Stone reports, "All of the small odontocete 
species tested, all baleen whales combined, and killer whales were found to 
remain significantly further from the airguns during periods of shooting on 



GSI Response  25 

surveys with large airgun arrays. The apparent displacement of the median 
distance was around 0.5 km or more for most of the species or species groups 
affected" (Section 6.2). 
 
Sighting rates for surveys were also examined to see whether there was any 
evidence of short-term exclusion from the survey area because of continued 
seismic surveying. Stone reports, "Data from 18 weeks were tested for surveys 
with large arrays of airguns, while for site surveys data from five weeks were 
tested. There were considerable variations in sighting rates between the weeks, 
but with no apparent trends. The variations in sighting rate during surveys with 
large airgun arrays were found to be non-significant for all species tested, while 
for site surveys the results were only significant for all small odontocetes 
combined" (Section 6.1). 
 
With regard to longer-term effects, Stone reports, "Sighting rates were also 
compared between years for the more frequently seen species to examine 
whether there was any evidence of a longer-term change in the use of an area by 
marine mammals due to continued seismic activity. For each species, only data 
from known areas and months of peak abundance (established using various 
sources of effort-related data ...), and during good weather conditions, were 
used. Fin whales, sperm whales and white-beaked dolphins showed significant 
fluctuations in sighting rate, but with neither an upwards nor downwards trend. 
The sighting rate of white-sided dolphins increased significantly in 2000, while 
there was a significant decline in sightings of pilot whales after 1998. Although 
surveys in the Rockall area (where pilot whales were commonly seen) declined 
after 1998, the decline in sightings of pilot whales was apparently not a 
consequence of a geographical shift in effort - sightings of pilot whales in area 
West of Shetland alone also declined. There were no common patterns indicating 
that the annual variations in sighting rates were linked to the variation in the 
amount of seismic activity in each year. Sighting rates of minke whales did not 
vary significantly" (Section 6.1). 
 
 
5. Findings of the Cape Breton (Southern Gulf, Sydney Bight) Science 
Review of Seismic Impacts. 
 
The Science Review was established as a result of the extensive review of, and 
public consultations on, seismic exploration conducted by the Federally-
established Cape Breton Commission.11 It was composed of DFO (Gulf Region 
and Maritimes Region), Environment Canada and independent scientists, who 
reviewed proposals to conduct seismic surveys in the southern Gulf of St. 
Lawrence, and in Sydney Bight, south of the Cabot Strait12.  

                                            
11 Their mandate was "to decide if there is sufficient scientific and experiential knowledge 
to make a decision on the likelihood of significant adverse environmental affects with 
reasonable certainty" (http://www.cnsopb.ns.ca/Environment/science_overview.htm). 
12 This area is the principal cetacean and fish migration route to and from the Gulf.  
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Some findings of this review were cited in the GSI EA report (Science Review 
2002), but because of the particular relevance (re: the significance of impacts on 
marine mammals, birds and other marine biota) of its conclusions and 
recommended mitigations, more details are provided here.  
 
The Science Review Working Group identified the following mitigations to be 
implemented by these surveys: 
 

� � Seasonal optimisation to minimize potential effects on sensitive life stages 
and interference with fishing; 

� � ‘Ramping up’ procedures to incrementally increase power to the air gun 
array over 30 minutes thereby encouraging animals to leave the operating 
area prior to commencement of surveys; 

� � Retaining trained biological observers on board vessels; 
� � Deployment of guard boats to intercept other marine traffic; 
� � Shutting down seismic operations when whales are found to be within 1km 

of the seismic vessel; 
� � Consulting with fishermen and First Nations; and 
� � Providing financial compensation for damage to fishing gear. 
 

Assuming these mitigations were in place, and that minimal levels of sound 
output were used to obtain the required geological data, the Science Review 
unanimously concluded that "the implementation of these measures should 
reduce population level effects on marine mammals and turtles (including species 
at risk) to negligible levels. These measures will also reduce, but not eliminate, 
the risks to other resources and the receiving environment." 
 
It was also eventually recommended that the surveys be conducted between 
November and February.  
 
The Science Review's comments and advice on specific issues of relevance to 
the current Gulf assessment are as follows (from Sections 4.2.1 and 4.2.2): 
 
 
Responses of Marine Mammals  
 
Concern 

� � Whale migration might be affected. 
� � Feeding of seals might be affected. 
� � Blue and Right whales are listed as endangered under COSEWIC. 
� � Detection of marine mammals at times of low visibility. 
� � Potential for hearing loss. 
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Consensus  
� � Most large whales are no longer in the area by late October. Pilot whales 

may be in the area at this time [southern Gulf]. 
� � With the proposed mitigation measures we predict that behavioural 

avoidance would protect marine mammals from hearing loss. 
� � We predict that there will be displacement of any remaining whale 

migration to avoid seismic sound but the displacement is not expected to 
be critical. 

� � Seals are less sensitive to sound than whales. 
� � It is predicted that very little redistribution of feeding effort for seals will 

occur. 
 
Explanation 

� � Mitigation measures, such as ramping up, are likely to cause a 
behavioural avoidance response in marine mammals whereby they would 
leave the area of seismic activity prior to the occurrence of hearing 
damage. Whales are likely to disperse from the area and may be 
displaced from their typical migration routes. This displacement is likely to 
be relatively small in scale and it is unlikely that it would affect overall 
migration patterns. 

 
Advice 

� � Mitigation measures in section 3.5.3 [see below] should be applied. 
 
 
Responses of Sea-Associated Birds: 
 
Concern 

� � Physiological effects unknown. 
� � Murres and Dovekies could be impacted. 
� � Possible lethal effects to diving birds. 

 
Consensus 

� � Based on reports from observers on seismic vessels lethal effects are 
expected to be minimal. 

� � We are confident that any effects are expected to be at the individual level, 
rather than the population level. 

� � Mitigation measures proposed for other animal groups may benefit 
seabirds. 

 
Explanation 

� � Murres and Dovekies are deep diving species and are more likely to be 
affected by seismic exploration sound than non-diving species, such as 
gulls. These species are part of the winter avifauna that is moving into the 
area at the time of these surveys. Observers onboard seismic vessels, 
however, seldom note birds affected by the seismic program. 
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Advice 

� � No further mitigation is required, however, please refer to section 5.2.2 
regarding observations.13 

 
Responses of Snow Crab 
 
Concern 

� � Insufficient scientific evidence to assess the impacts. 
� � Presumption that ESRF [Environmental Studies Research Fund] study will 

answer the issue. 
� � Transferability of findings from Newfoundland to Cape Breton. 
� � An apparently small impact might have a long-term effect on the life cycle. 

 
Consensus 

� � Adequate information exists on the distribution of the resource. 
� � Preliminary judgement indicates that there would be no perceptible 

negative impact on snow crab populations. 
� � ESRF study will provide useful information on physical and physiological 

effects and improve our understanding on behavioural effects and catch 
rate. There may still be outstanding uncertainties once the results of the 
study are known. 

� � Snow crab is likely the most exposed to sound of the benthic invertebrate 
resources and provides an adequate model for many benthic 
invertebrates. 

 
Explanation 

� � Our judgement is based upon the physiology of crustaceans, the relative 
lack of effect of explosives on crustaceans, the absence of air containing 
organs, and the lack of sensitivity to sound pressure (likely to react only in 
near field). 

� � Preliminary results of the ESRF study are consistent with our judgement. 
� � Both areas contain a full spectrum of the populations (males, females, 

juveniles) and support a valued fishery. 
 
Advice 

� � We recommend that Ad Hoc Working Group advise the CNSOPB 
[Canada-Nova Scotia Offshore Petroleum Board] to wait for the results of 
this study before making a decision on the significance of impacts of the 
proposed activities on snow crab. 

                                            
13 Section 5.2.2 states, "Incidental observation can provide useful information on species 
presence or absence and possibly even general effects of seismic on certain species. It 
is important that incidental observations are made whenever possible. In general, we 
encourage operators to consult with CNSOPB, CWS, and DFO to design appropriate 
observation programs for marine birds and mammals." 
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The conditions / mitigations eventually required of the surveys by the Canada-
Nova Scotia Offshore Petroleum Board were as follows: 

 
  1. The Board will consider the results of a snow crab study taking place 
off Newfoundland before finalizing any authorization for the proposed 
seismic programs off Cape Breton.  
  2. The proposed seismic acquisition may only be conducted between 
November 1st, 2003 and February 28th, 2004.  
  3. Operators must follow a 30-minute incremental ramp-up procedure to 
encourage marine animals to leave the operating area.  
  4. A fisheries representative must be on board the seismic vessel.  
  5. A trained biological observer must be on board the seismic vessel to 
assist the operator with marine mammal observations.  
  6. Seismic acquisition will be suspended whenever whales are observed 
within one kilometre of the vessel and shall not resume until the whales 
have left the area.  
  7. Prior to authorization, the operators must consult with the Board and 
the Department of Fisheries and Oceans to address mitigative measures 
to minimize any potential risk to cod.  
  8. Prior to authorization, the operators must provide to the Board an 
acceptable financial compensation program for possible damage to fishing 
gear.  
  9. Prior to authorization, the operator must develop an appropriate 
Environmental Effects Monitoring (EEM) program.  
 10. That no seismic acquisition be allowed on these licences within 10 
kilometres of the shoreline, measured from the low water mark.   
 
 

6. Seabirds and Prey Species 
 
Environment Canada, in its Advice, raises concerns about indirect impacts on 
seabirds arising from potential impacts on prey species. Information on the 
anticipated impacts on fish and invertebrates, based on a wide variety of studies, 
is included in Sections 9.6.4 and 9.6.5 of the GSI EA. These all indicate that, 
beyond a few metres from the array, no physical damage is likely to occur to 
these species. Since the array will be many times this distance from benthic 
species, and since fish are shown to avoid the array, the only effect the sound is 
likely to have on prey is behavioural. The extent of the geographical 
displacement of fish will likely vary by species, but it is expected to be a few 
kilometres at most, as discussed in the EA report, and well within foraging 
distances of the seabirds. Thus the effect on prey would only be a very temporary 
redistribution of the available prey within an area near the array (which is 
constantly moving), and not a reduction in available prey biomass.  
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Because impacts on the prey species are considered to be not significant, the 
indirect impact on birds via this pathway are considered to be not significant. 
 
To reiterate key points about impacts on seabirds in general, and this survey in 
particular: 1. there is no evidence of significant impacts on seabirds from seismic 
arrays in the literature that is available (though it is not extensive), 2. during the 
November - December period only a small portion of the seabird populations 
remains in the Gulf of St. Lawrence, 3. because the survey will remain at least 
several kilometres offshore on all lines, important littoral foraging areas will not be 
affected, 4. precautionary mitigations have been put in place (including the 
original design of the project to maintain distance from important seabird areas, 
and time restrictions on lines nearer sensitive habitat) to further mitigate any 
potential impacts. 
 
The conclusions of GSI's EA are in accord with those of the Science Review 
(2002) for sea-associated birds, cited above, for fall-/winter surveys in the 
southern Gulf of St. Lawrence. They also conclude that "No further mitigation is 
required" though they recommend that incidental observations of seabirds be 
recorded. As noted in the EA, seabird observations and record-taking will be 
preformed during the GSI survey, and the records will be transmitted to 
Environment Canada. 
 
In addition, the further mitigations / project modifications described earlier in this 
response will remove lines, or portions of lines, in areas used by seabirds 
(particularly eiders, as identified in the EA report Section 9.6.7) off eastern and 
southern Anticosti Island. 
  
Since the project will not have effects on seabirds, they will not be subject to 
significant cumulative effects arising from this project, as stated in 11.5.3 of the 
EA. 

 
 

7. Characteristics of Sound Channels 
 
The following information has been provided by the International Association of 
Geophysical Contractors and is offered to clarify some of the concerns about 
potential sound channels in the Gulf.  
 
In the sea a phenomenon called sound channels frequently occurs. Changes in 
sound propagation velocity due to temperature and pressure will form these 
sound channels at varying depths and with varying thickness. Both these factors 
will influence how seismic signals are transmitted through sound channels. In 
general, higher pressure and higher temperature increase sound speed in water 
(see Chen and Millero, 1977). 
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Sound channels act like ducts that tend to focus the sound energy, and 
attenuation in these ducts can be significantly less that normal spherical 
spreading. This way, the sound can travel over considerable distances. 
 
Sound channels are often named after their placement in the water column, such 
as deep-sea sound channels, shallow water sound channels and mixed-layer 
sound channels.  
 
Sound channels do not transmit all frequencies the same way. Depending on the 
thickness of the channel, there will be a cut-off frequency, and sound energy with 
a lower frequency will not be affected by the channel. The lower cut-off frequency 
can be estimated by the equation:   
 

3
2

5
max *10*76.1

-
= Hf  

 
Using this formula, one finds that a channel thickness of 150 meter is needed for 
a frequency of 100 Hz to be transmitted through the channel. 
 
If the sound waves are generated outside the channel, much less energy will 
enter into this low-attenuation environment, significantly reducing the distance 
that the sound can travel. Under conditions when sound channels can form, this 
will have significant impact on sound propagation. Sound can travel great 
distances, but there will also be areas in the vicinity of the sound source that little 
or no sound will reach. 
 
Because a seismic source is placed very close to the sea surface, only mixed-
layer and shallow water sound channels can be considered for long-range 
propagation of seismic sound. These channels often have a thickness that 
prevents low frequency signals from being transmitted through them.  
 
With the low frequency characteristics of the seismic source, it should be clear 
that sound channels will not play an important part in the propagation of seismic 
sound. This is confirmed both by modelling and actual measurements. 
 
 
8. Soft Starts 
 
DFO (Scientific Advice, Section 2.4.1) requests clarification about re-starting the 
array in the identified sensitive areas, if a marine mammal shutdown occurs, and 
an explanation of the 20 minutes used for the soft-start protocol. 
 
If a shutdown occurs because of the presence of a marine mammal within the 
safety zone (or a shutdown for any other reason), the survey vessel will move 
outside the sensitive area, re-start, and then re-enter the zone to resume the line 
after the animal has left. 
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The 20-minute period is based on the number of elements in the reduced array 
planned for the survey, the maximum 6 dB increments specified, and considering 
the swimming speeds of fish and marine mammals. (See soft-start protocol 
description in Appendix 11 of the EA report.) 
 
In terms of swimming speeds, this time is very conservative. Assuming swimming 
speeds for fish between .5 and 2 m/second, fish could be more than 500 metres 
from the array well within the start-up time; this distance is very conservative 
since physical impacts would only occur within a few metres of the array. 
 
A blue whale, swimming at a normal speed of 20 km/hr, would have time to move 
more than 6 km from the array during the start-up period; at burst speeds 
approaching 50 km/hr it could obviously be out of the area much faster if it chose 
to be. 

 
 

9. Additional Information on Typical Seismic Source Outputs 
 
The following information has been provided by the International Association of 
Geophysical Contractors and is offered as additional information about typical 
seismic outputs.  
 
Typical source outputs in use today will output approximately a nominal 220 dB 
re. 1 µPa/Hz at 1 m. It should be noted that this sound pressure level (SPL) 
represents the so-called “Back Projected” SPL which is the pressure level that 
would be achieved if all the elements in the source were concentrated into a 
single point (with zero dimensions!). The actual sound pressure level in the 
vicinity of the source array is much lower, as shown in Figures A and B. In 
pressure terms the zero-to-peak output of an array is of the order of 40 bar-m.  
 
Source arrays are designed to focus energy downward into the subsurface as 
illustrated in Figure A. 
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Figure A: Source directivity plot 

 
Figure B: Source directivity plot 
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Figure C: Source output map – horizontal “slice” 1 metre below typical array 

 
Figure D: Source Output – vertical “slice” below centre of the array 
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Figure C above maps the sound pressure 1 m below a “typical” source array, 
which has a nominal output of 225dB re 1� Pa/Hz at 1m (111 bar-m. peak-peak) 
(0-250Hz). The actual maximum SPL is just over 201dB re 1� Pa/Hz (6.4 bar) and 
this drops to 180dB within 20m of the source centre for horizontally travelling 
energy. This illustrates the difference between the nominal “back projected” 
sound pressure level and actual sound pressure levels close to an array. 
 
The studies of sound propagation in varying local conditions have been given 
considerable attention for a long time, and a number of papers have been 
published on the subject. A through treatment is given in Urick (1983). 
  
The propagation of sound in the ocean will always be dependent on the 
frequency used. Most models are developed for high frequency sound, from 
several kHz and upward. Low frequency sound generated near the sea surface 
will penetrate into the sea floor, and in practice the conditions will be very similar 
to proper spherical spreading. This is of special importance when evaluating the 
impact from marine seismic surveys. The fact that seismic surveys use the 
signals reflected from geological boundaries in the sub-surface, indicate that a 
significant amount of energy has penetrated the sea bottom. 
 
Sophisticated models designed for high frequency underwater use when 
evaluating the propagation of seismic signals can therefore be very misleading. 
Simple earth models used in combination with the ray tracing techniques might 
well give a better estimate of seismic signal strength with distance. 
 
A practical formulae for estimating the sound level from low frequency sources is 
the following: 
 
              SL = A log (r) - B r -C 
 
Where  
 
SL is the received pressure level at distance "r" from the source 
A  is the wave mode coefficient, for spherical waves A equals 20. 
B  is an attenuation factor, dependent on water depth and bottom conditions. 
C  is a fixed attenuation due to acoustic screening; in open water this will = 0. 
 
In the above equation, the factor C is included for evaluations of sound wave 
pressure in coastal areas, where it is shown that sound might also be present 
even if there are small islands in the direct propagation path. In these cases, all 
sound will travel trough the bedrock. In deep water areas the factor C can be set 
to zero. 
 
For high frequency signals (f higher than around 1 kHz), more elaborate 
propagation models must be used. 
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Variations in the water depth will influence the propagation of seismic signals, but 
to a much lesser degree than the impact on sound waves with higher 
frequencies.  
 
In publications it has been discussed whether seismic signals in shallow water 
will follow a cylindrical decay law, which can be expressed as: 
 
  SL = 10 log (r) 
 
This might be correct for high frequency signals, but the low frequent nature of 
the seismic signals will cause these to travel through the rocks beneath the sea, 
and therefore attain a decay rate that is much closer to the deep-water 
conditions, i.e. a spherical decay law, or even stronger attenuation. 
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