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1.0 Introduction 
 
This document serves as a revised Amendment of the Environmental Assessment (EA) of Multi Klient 
Invest AS’s (MKI) Northeast Newfoundland Slope 2-D Seismic Survey Programme 2012–2017 (the 
Project) (YOLO/RPS 2012) and the Project’s previous EA Amendments (Keel/RPS 2015a,b; PGS 2015, 
2016; LGL 2016).  The objective of this revised Amendment is to assess cumulative effects from three 
concurrent MKI seismic surveys (3-D) in the Project Area as well as a concurrent 2-D seismic survey.  It 
incorporates and addresses comments received during the regulatory review process on the Amendment 
dated June 20171.  On 18 April 2017, an EA Update for MKI’s proposed 2017 Project activities 
(LGL 2017a) was submitted to the Canada-Newfoundland and Labrador Offshore Petroleum Board 
(C-NLOPB).  On 11 May 2017, a revised version of the EA Update that addressed reviewer comments 
was submitted to the C-NLOPB.  At the time the 2017 EA Update was prepared, MKI was not aware 
that it would be awarded additional 3-D seismic survey work (i.e., that result in a third concurrent 
seismic survey).  This revised Amendment includes an assessment of three concurrent 3-D seismic 
surveys and a concurrent 2-D seismic survey.   
 
1.1 The Operator: MKI 
 
The Operator, MKI, is a wholly owned subsidiary of Petroleum Geo-Services ASA (PGS), 
headquartered in Oslo, Norway.  PGS is a leading provider of seismic and electromagnetic survey 
services, data acquisition, processing, and reservoir analysis for the global oil and gas industry.  PGS 
was founded in Norway in 1991 and currently has a presence in over 25 countries with regional centers 
in London, Houston, and Kuala Lumpur. 
 
1.2 Contacts 
 
Relevant contacts at MKI for the proposed seismic program are provided below. 
 
Executive Contact Geophysical Operations Contact 

 
Mr. Jerry Witney 
Vice-President, North America MultiClient 
Petroleum Geo-Services 
15150 Memorial Drive 
Houston, Texas 77079 
Phone: 1-281-509-8000 
E-mail: jerry.witney@pgs.com 

Mr. Neil Paddy 
Contract Manager 
Petroleum Geo-Services 
15150 Memorial Drive        
Houston, Texas 77079 
Phone: 1-281-509-8000 
E-mail: neil.paddy@pgs.com 

1 LGL Limited.  2017.  Amendment of MKI’s Environmental Assessment of the Northeast Newfoundland Slope 2-D Seismic Survey 
Programme 2012–2017.  LGL Rep. FA0118-2.  Rep. by LGL Limited, St. John’s, NL for Multi Klient Invest AS, Oslo, Norway.  22 p. 
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2.0 Assessment of Simultaneous Seismic Surveys 
 

As indicated in the EA of MKI’s Northeast Newfoundland Slope 2-D Seismic Survey Programme 
2012–2017 (YOLO/RPS 2012) and subsequent Amendments of this EA (Keel/RPS 2015b,c), MKI may 
conduct 2-D and 3-D seismic surveying in its Project Area (Figure 2.1) between May 1 and 
November 30 until the end of 2017.  Concurrent 2-D and 3-D seismic surveying has been assessed in a 
prior Amendment (Keel/RPS 2015c).  An EA Update for 2017, which outlined proposed activities 
known at the time (i.e., two concurrent 3-D seismic surveys and a concurrent 2-D seismic survey) was 
completed and concluded that the EA predictions from the original EA and its Amendments remained 
valid.  However, the effects of three concurrent 3-D seismic surveys were not assessed.  As such, this 
section focuses on the effects assessment of three simultaneous 3-D seismic surveys (and a 2-D seismic 
survey) by MKI in the Project Area on Valued Environmental Components (VECs) assessed in the 
original EA (and associated documents).  From June–November 2017, MKI is planning to conduct 3-D 
seismic surveys in four different survey areas (Figure 2.1) using three seismic vessels, in waters ranging 
in depth from approximately 100–2800 m.  Two of the four 3-D survey areas (Harbour Deep and Cape 
Broyle) occur in shelf and slope waters whereas the other survey areas occur in slope waters.  See Figure 
3.1 for the location of the 2D survey area (i.e., on the southern Grand Banks) that falls inside the 
boundaries of the Project Area.     
 
Although three concurrent 3-D seismic surveys in the Project Area have not been assessed previously, it 
is not uncommon for three seismic surveys (2-D and 3-D) to occur simultaneously in a given season 
offshore Newfoundland.  For example, in 2015, MKI conducted two concurrent 3-D surveys plus a 2-D 
survey, and WesternGeco also conducted a 3-D survey within the Project Area; the minimum distance 
between the concurrent 3-D surveys was ~90 km, and the minimum distance between the MKI 2-D and 
3-D surveys was ~50 km. 
 
We provide an overview of MKI’s planned activities (for 2017, the last year in the temporal scope of 
this EA) below followed by an assessment of predicted effects on each VEC.  As in previous EAs for 
seismic programs offshore Newfoundland and Labrador (e.g., GXT 2014; LGL 2015; RPS Group 2017), 
standard criteria (CEA Agency 1994) were taken into account when evaluating the nature and extent of 
environmental effects. 
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FIGURE 2.1.  Locations of 3-D survey areas relative to the Project and Study areas and the planned timing of the 
surveys. 
   
2.1 Project Overview 
 
Within the Project Area, there are four 3-D survey areas that MKI plans to conduct seismic surveying 
during June–November 2017: Long Range, Harbour Deep, Cape Broyle and East Flemish Pass Phase II 
(see Figure 2.1).  Data will be acquired by three seismic vessels (see Table 2.1 for Project details).  Note 
that it is possible some 3-D surveys may extend into November if operational and/or weather delays are 
longer than anticipated.  See Section 3.3 for a summary of planned 2-D seismic surveys. 
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TABLE 2.1.  Survey details for MKI’s planned 3-D seismic surveys in 2017. Timing and duration values provided 
are approximations. 

 
Note: *Orientation of survey lines will be determined in consideration of fishing activity. 
 
The planned 3-D survey areas are on average (based on distances to the centroid of each area) >100 km 
from each other.  However, in 2017, the minimum distance between 3-D survey areas is 45 km (Harbour 
Deep and East Flemish Pass).  The planned survey areas encompass primarily slope waters of the 
eastern and northeastern Grand Banks including the Flemish Pass.  There will be an approximate 
eight-week period (~beginning-August to late-September) when three 3-D surveys are occurring 
simultaneously. 
 
2.1.1 Airgun Array Sound 
 
In 2017, each seismic vessel will operate dual 4130 in3 airgun arrays that operate in a flip-flop 
arrangement so that the shotpoint interval is 25 m.  Based on a survey speed of 4.5 knots (~8.3 km/h), 
this results in a shotpoint about every 10 seconds from the source array.  The source level of the 4130 in3 
array is 261.5 dB re 1 µPap-p @ 1 m2.  
 

2 Modelled through a DFS V out-128 Hz filter, as per the Society of Exploration Geologists (SEG) standard for 
reporting arrays.   

Long Range Harbour Deep Cape Broyle East Flemish Pass

Survey Vessel Ramform Tethys Ramform Sterling Ramform Titan Ramform Titan

Timing June - mid Sep mid Aug - late Oct
early Aug - early Sep; 
early Oc t- early Nov

mid Jul - early Aug;    
mid-Sep

Duration 14 weeks 10 weeks 8 weeks 5 weeks

Water Depth (range, avg.)
1410-2816 m 

(2306 m)
~100-1092 m          

(268 m)
~100-2594 m                  

(966 m)
321-1185 m               

(747 m)

Airgun Array

Volume 4130 in3 4130 in3 4130 in3 4130 in3

Shotpoint Interval 25 m 25 m 25 m 25 m

Source Depth 9 m 7 m or 9 m 7 m 7 m

Streamers

Number 16 14 16 16

Length 8.1 km 8.1 km 8.1 km 8.1 km

Spacing 100 m 100 m 100 m 100 m

Spread 12.2 km2 10.5 km2 12.2 km2 12.2 km2

Survey Lines

Orientation E-W N-S E-W or N-S* N-S

Area ~9000 km2 ~5000 km2 ~3650 km2 ~2200 km2

Primary Target 2018 Call for Bids
EL 1151;             

2018 Call for Bids
EL 1136;                    

2019 Call for Bids EL 1144, 1150 

3D Survey Area
Project Details
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Airguns function by venting high-pressure air into the water.  The sizes, arrangement, and activation 
times of the individual airguns in an array are designed to direct sound downwards.  The 
downward-directed pulse has a duration of only 10–20 ms (Caldwell and Dragoset 2000).  Most energy 
emitted from airguns is at relatively low frequencies.  For example, typical high-energy airgun arrays 
emit most energy at 10–120 Hz.  However, the pulses contain significant energy up to 500–1000 Hz and 
some energy at higher frequencies (Goold and Fish 1998; Potter et al. 2007; Hermannsen et al. 2015).  
Studies in the Gulf of Mexico have shown that the horizontally-propagating sound can contain 
significant energy above the frequencies that airgun arrays are designed to emit for geophysical purposes 
(DeRuiter et al. 2006; Madsen et al. 2006; Tyack et al. 2006).  Energy at frequencies up to 150 kHz was 
found in tests of single 60-in3 and 250-in3 airguns (Goold and Coates 2006).  Nonetheless, the 
predominant energy is at low frequencies. 
 
There are currently no available acoustic data that characterize the soundscape of MKI’s Project Area, 
including sound levels from seismic survey(s).  In response to this data gap, the Environmental Studies 
Research Fund (ESRF) has funded a project to deploy, in consultation with experts, 20 acoustic 
recorders at strategic locations across Newfoundland and Labrador and Nova Scotia offshore areas to 
record the ambient underwater soundscape of that area.  The data recorded will provide information on 
the distribution of cetaceans across the study area over the course of two years.  The raw underwater 
soundscape data collected will be made available to researchers upon request.  In addition, the project 
will study sound propagation at as many of these locations as possible through the use of a small airgun 
array and acoustic recorders and particle motion detectors to improve our understanding of underwater 
sound transmission with the objective of improving underwater sound transmission modelling for this 
area.  The ESRF project is still ongoing with the second year of data collection to be completed in 2017 
and reporting available in 2018.  The results of the study are unavailable at present but should provide 
valuable information in future assessments. 
 
A study which modelled the aggregated sound exposure to bowhead whales from nine industrial 
sources, including five seismic surveys, in the Alaskan Beaufort Sea, discussed the transferability of the 
findings (Ellison et al. 2016).  The findings of the study suggested that the presence of multiple sound 
sources might not substantially increase the maximum sound pressure levels to which most individuals 
in a given population are exposed, but may affect the duration of exposures above a given level.  
 
Results from acoustic modelling and follow-up measurements of sound levels from four simultaneous 
seismic surveys (i.e., one 2-D and three 3-D on adjacent license blocks with a minimum separation 
distance of 30 km between seismic vessels; LGL 2012) offshore West Greenland during 2012 showed 
that noise contributions from different surveys tended to be additive (Wisniewska et al. 2014).  
Background noise levels were on average 20 dB higher, but sometimes increased to 70 dB above 
pre-exposure levels.  Noise levels between seismic pulses did not decrease to background levels before 
the next pulse arrived; thus, there were few and short breaks without airgun sounds, resulting in effective 
pulse lengths of 4 seconds and sometimes up to 10 seconds.  However, the propagation conditions in 
Baffin Bay were deemed to be very complex, with lower than expected transmission loss.  
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2.2 Mitigation Measures 
 
The mitigation measures described in the EA (YOLO/RPS 2012) and associated documents 
(YOLO/RPS 2013, 2014; Keel/RPS 2015a,b,c; PGS 2015; LGL 2016), some of which were clarified in 
§5.2 of the 2016 EA Amendment (LGL 2016), remain applicable to MKI’s seismic survey activities 
proposed for 2017.  The mitigation measures will be implemented on all three 3-D seismic survey 
vessels as well as the 2-D seismic survey vessel.  A summary of mitigation measures and commitments 
made in EA documents for the Project is provided below (Table 2.2).  In accordance with 
Moors-Murphy and Theriault (2017), MKI has committed to new additional mitigation measures 
(highlighted with bold font in Table 2.2) in response to uncertainties regarding the effects predictions for 
three concurrent 3-D seismic surveys (and a 2-D survey), in order to further reduce potential effects on 
species considered at risk and sensitive areas.   
 
Also, at the request of the C-NLOPB, when the absence of an escort vessel is unavoidable and prior to 
that absence, MKI will assess the risks of conducting the operation without the escort vessel present and 
plan and implement appropriate measures to reduce the likelihood of a negative interaction with fishers. 
The following mitigation measures may be implemented, as required, in the absence of an escort vessel 
and to maintain safe operations and avoid negative interaction with fishers:  
 

• maximize communication with commercial fishers in the area via the Fisheries Liaison 
Officer (FLO);  

• maintain vigilant visual and radar watch from the seismic vessel;  
• scout ahead with the escort vessel as far as appropriate and practical, prior to departure;  
• plan the absence, when possible, for a time when the seismic vessel is operating in an area of 

least commercial fishing activity;  
• move to an area of lesser fishing activity until the escort vessel returns; and/or  
• suspend data acquisition and recover seismic equipment until the program can proceed 

without potential negative interaction with fishing activities.  
 
In cases where an absence is unplanned (e.g., medical evacuation, other emergency), the seismic vessel 
will, as a minimum, maximize communication with fishers and maintain a high level of vigilance for 
visual and radar observation.  Once the situation is under control, MKI will complete a risk assessment 
to determine what other mitigation measures, if any, are appropriate. 
 
2.3 Effects of Simultaneous 3-D and 2-D Seismic Surveys on the Environment 
 
This section focuses on predicting effects from three simultaneous 3-D seismic surveys and one 
simultaneous 2-D seismic survey on VECs—essentially the “within-Project” cumulative effects with 
primary focus on airgun array sound.  Although the assessment is based on available data and follows an 
established approach for EAs in Atlantic Canada, we acknowledge that scientific data gaps and 
limitations in approach decrease the confidence around effects predictions.  Key data gaps are 
highlighted below for each VEC.   
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TABLE 2.2.  Summary of environmental commitments and mitigation measures. 

VEC(s) Potential Effect(s) Mitigation Measures & Commitments 

Fisheries 
Interference with fishing 
vessels/mobile and fixed 
gear fisheries 

• Upfront communications, liaison and planning to avoid fishing activity 
• Continuing communications throughout program 
• Fisheries Liaison Officer (FLO)  
• Single Point of Contact (SPOC) 
• Advisories and communications 
• Vessel Management System (VMS) data 
• Avoidance 
• No gear deployment outside project area 
• Planned transit route to/between survey areas (if required) 
• Start-up meetings on ships 
• Provision of Project update, receive report(s) of any issue(s) during follow-up 

discussions with all interested groups, and present results of FLO (and Marine 
Mammal Observer, MMO) reports after the survey is complete  

Fisheries Fishing gear damage 

• Upfront communications, liaison and planning to avoid fishing gear 
• Use of escort vessel 
• Implement enhanced measures during infrequent periods the escort vessel is 

unavailable (see Section 2.2 for details) 
• SPOC  
• Advisories and communications  
• FLOs  
• Compensation program and damage/loss incident response procedures in place 
• Reporting and documentation 
• Start-up meetings on ships  

Fish & Fish 
Habitat 
 
Marine Mammals 
& Sea Turtles 
 
Species At Risk 

Temporary or permanent 
hearing damage, and/or 
disturbance, injury, 
oiling, or death to marine 
animals, including 
Species at Risk 

• Pre-watch of safety zone 
• Delay start-up if any marine mammals or sea turtles are within 500 m  
• Ramp-up of airguns (30 minute period) when airguns shut-down for ≥20 minutes 
• Ramp-up of airguns when transitioning from operation of single airgun during 

line changes to the full array 
• Shut-down of airgun arrays for endangered or threatened marine mammals and 

sea turtles within 500 m 
• Shut-down of airgun arrays for beaked whales within 500 m 
• Use of qualified and experienced, dedicated MMO(s) to monitor for marine 

mammals and sea turtles during daylight seismic operations and implement shut-
downs/ramp up delays of the airgun array when appropriate  

• Monitoring for updates for Species at Risk Act (SARA) issues, species at risk and 
critical habitat, and compliance with relevant regulations within SARA Recovery 
Strategies/Action Plans 

• Minimum separation distance of 30 km for simultaneous seismic surveys in 
the Project Area based on separation distances required in other jurisdictions 
(i.e., Gulf of Mexico [G. Morrow, PGS, Senior Contract Manager, pers. comm., 
June 2017] and Greenland [LGL 2012]).   

• Immediate filing of report with C-NLOPB in the event of injury/death of marine 
mammals, turtles or seabirds by Project equipment or accidental fuel spills, and 
assessment of need for follow-up monitoring 

• Prepare comprehensive marine mammal and sea turtle monitoring report.  Report 
to be submitted to C-NLOPB and DFO. 

• Use of solid streamers 
• Collision avoidance, including constant speed and course by seismic/support 

vessels 
• Sightings of marine turtles to be provided to the Atlantic Leatherback Turtle 

Working Group for use and distribution 
• Use of debris guard (“turtle guard”) on array tail buoy to reduce sea turtle 

entanglement 
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VEC(s) Potential Effect(s) Mitigation Measures & Commitments 

Seabirds 

Injury (mortality) to 
stranded seabirds, 
disturbance to migratory 
birds from helicopter 
flights 

• Daily monitoring of vessel 
• Handling and release protocols (live seabird handling permit required) 
• Minimize lighting if safe 
• Ramp-up of airguns 

Seabirds Seabird oiling 

• Adherence to MARPOL 
• Spill contingency plans and response plans 
• Use of solid streamers 
• MKI to contact CWS regarding mobile version of ECSAS database 

Seabirds Data collection and/or 
stranded seabirds 

• Seabird observations and monitoring/mitigation for stranded birds will also be 
carried out by qualified experienced biologists according to established CWS 
protocols 

• Results of on-board seabird observation program sent to ECCC-CWS annually 

Sensitive Areas Alteration or disruption 
of sensitive habitat 

• Monitor for updates regarding designated sensitive areas and avoid contact with 
the seabed [no bottom contact anticipated for duration of Project, and no critical 
habitat has been identified in or near the Study Area.] 

 

Interference with 
shipping  

• Advisories and at-sea communications  
• FLOs 
• Use of guard (escort) vessel 
• SPOC 
• VMS data 
• Use of existing travel routes where possible 

 
Interference with 
DFO/FFAW research 
program(s) and/or joint 
DFO-industry 
collaborative post-season 
snow crab trap survey 

• Regular and on-going communications and scheduling  
• Avoidance 
• As a minimum, MKI will observe both temporal and spatial buffers between areas 

of seismic surveying and post-season crab survey stations in line with DFO 
scientific surveys. The pre-survey temporal and spatial buffers currently being 
applied to DFO RV surveys are seven days and 30 km, respectively.  MKI will 
endeavor to extend these buffers to the extent possible. 

 Interference with 
ESRF/DFO seismic-snow 
crab study  

• Coordination with an ongoing seismic-snow crab ESRF/DFO study in the Carson 
Canyon  

 
Canada-Newfoundland 
and Labrador benefits 

• Canada-Newfoundland and Labrador (NL) Benefits Plan submitted and approved 
by C-NLOPB 

• First consideration given to personnel, support and other services, and goods 
provided/manufactured within NL in compliance with Canada-NL Benefits Plan 

 
Discharges • Vessel discharges within standard vessel operations and in adherence to all 

applicable regulations 

 

Waste Management 

• Waste management procedures filed with C-NLOPB 
• Wastes managed in accordance with MARPOL and vessel-specific waste 

management procedures 
• Use only ports with licensed waste contractors for waste returned from offshore 

 

Atmospheric emissions 

• Proper maintenance and routine inspection of vessel equipment, controlling 
vapour loss from fuel tanks, and avoiding engine idling when not in use 

• Engine/on-board equipment emissions to comply with local/federal Air Pollution 
Control Regulations and Ambient Air Quality Objectives 

 

Accidental releases 

• Shipboard Oil Pollution Emergency Plans filed with C-NLOPB 
• MKI’s emergency response plan also filed with C-NLOPB 
• Adherence to International Convention for the Prevention of Pollution from Ships 

(MARPOL) 
• Bunkering at sea procedures 
• Use of solid streamer 
• Retrieval of airgun array and/or streamers if weather/sea state conditions are 

anticipated to exceed acceptable limits 
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2.3.1 Fish and Fish Habitat 
 
MKI seismic vessels from simultaneous 3-D and 2-D surveys will maintain a minimum separation 
distance (>30 km) when operating airgun arrays in the Project Area.  This should decrease the 
probability of synergistic effects on fishes and invertebrates.  Relative to the effects predictions made for 
a single 2-D or 3-D seismic survey, the potential residual effects on the Fish and Fish Habitat VEC 
related to sound from three simultaneous 3-D seismic surveys and one 2-D seismic survey would occur 
over a larger area (i.e., maximum geographic extent of 1001–10,000 km2 vs. 101–1000 km2).  With 
mitigation measures in place (see Table 2.2), residual effects on the Fish and Fish Habitat VEC 
associated with sound from the Project during simultaneous 3-D and 2-D seismic surveys are predicted 
to range from low to medium in magnitude for a duration of <1 month to 1–12 months over an area of 
<1 km2 to 1001–10,000 km2.  Based on these criteria ratings, the reversible residual effects of 
underwater sound on the Fish and Fish Habitat VEC are predicted to be not significant.  The level of 
confidence associated with this prediction is low to medium (Table 2.3) given the scientific data gaps.  
Similarly, no significant effects are predicted for other Project activities associated with simultaneous 
seismic surveys (e.g., vessel lights, sanitary/domestic wastes etc.), and the level of confidence is judged 
as medium to high (Table 2.3). 
 
Note that there is limited information specific to the Study Area on a variety of invertebrate and fish life 
history components including spatial and temporal aspects of distribution, reproduction, migration, 
nursery areas, feeding, and particularly ecological inter-relationships. 
 
2.3.2 Fisheries 
 
Relative to the effects predictions for a single 2-D or 3-D seismic survey, the potential residual effects 
on fisheries related to sound from three simultaneous 3-D seismic surveys and one 2-D seismic survey 
would occur over a larger area (i.e., maximum geographic extent of 1001–10,000 km2 vs. 
101–1000 km2).  With mitigation measures in place (see Table 2.2), residual effects on the Fisheries 
VEC associated with sound from the Project during simultaneous 3-D seismic surveys and one 2-D 
seismic survey are predicted to range from low to medium in magnitude for a duration of <1 month to 
1–12 months over an area of <1 km2 to 1001–10,000 km2.  Based on these criteria ratings, the reversible 
residual effects of underwater sound on the Fisheries VEC are predicted to be not significant, and the 
level of confidence associated with this prediction is low to medium (Table 2.3) given the scientific data 
gaps.   
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TABLE 2.3.  Significance of potential residual environmental effects of MKI’s planned simultaneous 3-D seismic 
surveys on VECs occurring within the Study Area. 
 

Valued Environmental Component:  
Fish and Fish Habitat, Fisheries, Birds, Marine Mammals, Turtles, Species at Risk, Sensitive Areas 

Project Activity 

Significance 
Rating 

Level of 
Confidence Likelihood a 

Significance of Predicted Residual 
Environmental Effects 

Probability of 
Occurrence 

Scientific 
Certainty 

 
Three Simultaneous 3-D Seismic Surveys  
 
Underwater Sound 

Airgun arrays NS 1-2 - - 
Seismic vessel NS 2-3 - - 

Escort vessel NS 2-3 - - 
Supply vessel NS 2-3 - - 
Echo sounder NS 2-3 - - 

Vessel Presence     
Seismic vessel, including airgun 

arrays and multiple streamers NS 2-3 - - 

Support vessel NS 2-3 - - 
Supply vessel NS 2-3 - - 

Vessel Lights NS 2-3 - - 
Helicopter Presence NS 2-3 - - 
Sanitary/Domestic Wastes NS 2-3 - - 
Atmospheric Emissions NS 3 - - 
Accidental Releases NS 2-3 - - 
Key: 
 
Significance is defined as either a high magnitude, or a medium magnitude with duration greater than 1 year and a geographic 
extent >100 km2 
 
Residual Environmental Effect Rating:  

S = Significant Negative Environmental Effect  
NS = Not-significant Negative Environmental Effect   
P = Positive Environmental Effect  

 
Level of Confidence: based on professional judgment:      

1= Low   
2= Medium   
3= High 

 
Probability of Occurrence:  based on professional judgment: 

1= Low  
2= Medium 
3= High 

 
Scientific Certainty: based on scientific information and statistical analysis or  professional judgment: 

1= Low  
2= Medium 
3= High 

 
a Considered only in the case where ‘significant negative effect’ is predicted.     
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With application of the mitigation measures outlined in Table 2.2, effects of vessel presence on the 
Fisheries VEC, including all gear being towed by four seismic vessels, are predicted to be a low to 
medium magnitude for a duration of <1 month to 1–12 months over a geographic area of <1 km2 to 
11–100 km2.  Based on these criteria ratings, the reversible residual effects of vessel/gear presence 
associated with three simultaneous 3-D and 2-D seismic surveys on the Fisheries VEC are predicted to be 
not significant (see Table 2.3).  The level of confidence associated with this prediction is medium to 
high.  Similarly, no significant effects are predicted for other Project activities associated with 
simultaneous seismic surveys (e.g., vessel lights, sanitary/domestic wastes etc.), and the level of 
confidence is judged as medium to high (see Table 2.3). 
 
Note that MKI has remained fully engaged with the FFAW/Unifor and has provided the fisheries union 
the information related to the proposed three simultaneous 3-D seismic surveys as well as the 2-D 
seismic survey.  MKI will provide open lines of communication through the weekly meetings with 
fisheries groups and the provision of look-ahead maps for the coming week’s seismic acquisition. MKI 
will encourage a two-way flow of information between all parties involved so that active fishing gear 
can be avoided.  
 
2.3.3 Seabirds 
 
It is anticipated that the mitigation measures in place for seabirds will greatly minimize potential effects 
from three simultaneous 3-D seismic surveys and one 2-D seismic survey.  Key amongst these measures 
are daily and systematic searches for stranded birds by experienced personnel (MMOs on seismic vessels 
and designated vessel crew on support vessels) of Project vessels.  Locating and handling stranded birds, 
the majority of which are Leach’s Storm-petrels, according to Canadian Wildlife Service (CWS) protocols, 
will substantially minimize mortality.  The geographic extent of possible effects associated with seismic 
surveys is relatively small.  With mitigation measures in place (see Table 2.2), residual effects of three 
simultaneous seismic surveys and one 2-D seismic survey on seabirds are predicted to range from 
negligible to low in magnitude for a duration of <1 month to 1–12 months over an area of <1 to 
1–10 km².  Based on these criteria ratings, the reversible residual effects of simultaneous seismic surveys 
on the Seabird VEC are predicted to be not significant.  The level of confidence associated with this 
prediction is medium to high (see Table 2.3). 
 
2.3.4 Marine Mammals (and Sea Turtles) 
 
This section focuses on marine mammal species that are not considered at risk by COSEWIC or SARA.  
Given that all sea turtle species that may occur within the Study Area are considered at risk, the reader is 
referred to § 2.3.5.   
 
Background Information.—The 2017 EA Update for the Project provided the most recent ‘biological’ 
background information on marine mammals in the Study Area.  There have been no systematic surveys 
of marine mammals in the planned survey areas since the early 1980s when aerial surveys were 
conducted in support of the Hibernia development (Mobil Oil 1981).  The key source of information on 
cetacean occurrence and distribution is DFO’s database of sightings for Newfoundland and Labrador 
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waters which has been compiled from various sources, including the Hibernia baseline data (J. Lawson, 
DFO Research Scientist, pers. comm., January 2017).  The majority of these data, compiled from 
sightings recorded from 1947–2015, have been opportunistically gathered and have no indication of 
survey effort.  Therefore, while these data can be used to indicate what species may occur in the Study 
Area, they cannot be used to reliably predict species abundance, distribution, or fine-scale habitat use in 
the area.  In summary, the DFO database indicated that humpback whales were the most commonly 
recorded mysticete in the Study Area including the 2017 planned 3-D survey areas (i.e., Areas of 
Interest in the EA Update, LGL 2017a) but fin, minke and sei whales have also been recorded (Table 4.9 
and Figure 4.14 in LGL 2017a).  Deep-diving cetacean species including long-finned pilot whales, 
sperm whales, and northern bottlenose whales have been recorded in the basin and slope waters of 
MKI’s Study Area and 2017 Areas of Interest (Table 4.9, Figure 4.15 in LGL 2017a).  Note that there is 
limited information specific to the Study Area on a variety of marine mammal life history components 
including migration timing and routes, spatial and temporal aspects of distribution, feeding, and 
reproduction.  
 
Marine mammal monitoring during previous MKI seismic surveys in the Flemish Pass area in 2015 
showed that long-finned pilot whales were one of the most commonly seen species; sightings were made 
in and near the 2017 Areas of Interest (RPS 2015a,b, 2016a,b, 2017a,b).  Humpback, minke, fin, sperm, 
and killer whales were also seen, as well as Atlantic white-sided, white-beaked, and common dolphins; 
in addition, harbour porpoise, unidentified beaked whale, and northern bottlenose whale sightings were 
made (RPS 2015a,b, 2016a,b, 2017a,b).  Although a 2-D and 3-D survey occurred simultaneously within 
the Project Area during September 2016, and up to four surveys occurred simultaneously during 
June–October 2016, the monitoring reports did not address potential disturbance effects on marine 
mammals from the concurrent seismic surveys.  
 
Assessment of Residual Effects.—Comprehensive reviews of the relevant effects literature, including 
acoustic criteria used to guide the effects assessment, for marine mammals and sea turtles are provided 
in §5.7.7 of LGL (2017b) and Appendices 4 and 5 of LGL (2015).  The potential effects of airgun sound 
considered in this (and previous) assessments include: (1) masking of natural sounds; (2) behavioural 
disturbance; (3) non-auditory physical or physiological effects; and (4) at least in theory, temporary or 
permanent hearing impairment (Richardson et al. 1995; Gordon et al. 2004; Nowacek et al. 2007; 
Southall et al. 2007; Peng et al. 2015; Gomez et al. 2016).  Although the possibility cannot be entirely 
excluded, it is unlikely that the program would result in any cases of permanent hearing impairment or 
any significant non-auditory physical or physiological effects.  The primary concern with three 
concurrent 3-D surveys and one 2-D seismic survey is the increased potential for disturbance and 
masking in marine mammals.   
 
Masking: As noted above, airgun arrays produce intermittent sounds, involving emission of a strong 
pulse for a small fraction of a second followed by several seconds of near silence.  MKI will activate 
airgun arrays about every 10 seconds.  Depending on the timing of array activation for each survey, it is 
possible that marine mammals in the Study Area will be exposed to airgun pulses more frequently, 
i.e., every few seconds—thereby increasing the likelihood that sounds important to marine mammals 
will be masked (see Wisniewska et al. 2014).  However, the intermittent nature of the airgun pulses 
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presumably still reduces the potential for masking—acknowledging that the degree of any reverberation 
of airgun sound in the Project Area is unknown but that situations with prolonged strong reverberation 
are infrequent (Appendix 4 in LGL 2015).  If cetaceans exposed to airgun sounds sometimes respond by 
changing their vocal behaviour, this adaptation, along with directional hearing and preadaptation to 
tolerate some masking by natural sounds (Richardson et al. 1995), would all reduce the importance of 
masking by seismic pulses.   
 
Hearing Impairment and Physical Effects: The mitigation measures of ramping up the airguns in an 
array, conducting a 30-minute pre-ramp up watch, delaying start of the ramp up if a marine mammal or 
sea turtle is detected within 500 m of the airguns, are intended to minimize the potential for individuals 
being exposed to sound levels that may cause hearing impairment.  Each of the three MKI seismic 
vessels (as well as the single 2-D seismic vessel) will have two qualified and experienced MMOs 
onboard who will conduct a visual monitoring program during all daylight hours and ensure appropriate 
mitigation measures are implemented.   
 
The underwater sound produced as a result of the Project (airgun array sound during three concurrent 
3-D surveys and a 2-D survey being the worst-case scenario) is predicted to have residual hearing 
impairment/physical effects on the Marine Mammal and Sea Turtle VEC that are negligible to low in 
magnitude for a duration of <1 month to 1–12 months over a geographic area of <1 to 1–10 km2.  Based 
on these criteria ratings, the reversible residual hearing impairment/physical effects of sound associated 
with MKI’s proposed seismic program on the Marine Mammal and Sea Turtle VEC are predicted to be 
not significant.  The level of confidence associated with this prediction is medium. 
 
Disturbance: Reactions to sound, if any, depend on species, state of maturity, experience, current 
activity, reproductive state, time of day, and many other factors.  Baleen whales generally tend to avoid 
operating airguns, but avoidance radii are variable.  Odontocete reactions to large arrays of airguns are 
variable and, at least for delphinids, seem to be confined to a smaller radius than has been observed for 
mysticetes and some other more responsive odontocetes.  Pinnipeds tend to be less responsive to airgun 
sounds than many cetaceans and are not likely to show strong avoidance reactions to airgun arrays.  
Although data for sea turtles are lacking, they are likely to exhibit some behavioural changes and/or 
localized avoidance near a seismic vessel.  If a marine mammal or sea turtle does react briefly to airgun 
sound by changing its behaviour or moving a small distance, the effects are generally expected to be 
localized and short-term, and the impacts of the change are unlikely to be significant to the individual, 
let alone the stock or population.  However, if a sound source displaces marine mammals or sea turtles 
from an important feeding or breeding area for a prolonged period, impacts on individuals and 
populations could be significant (Nowacek et al. 2015).   
 
A data gap in the assessment of three concurrent 3-D seismic programs as well as a single 2-D seismic 
survey is how marine mammals will respond behaviourally to sound from airgun pulses that may be 
received from multiple directions, variable intervals, and differing sound levels.  Also, it is quite 
possible that the duration of exposures above a given sound level will increase (Wisniewska et al. 2014; 
Ellison et al. 2016).  According to Nowacek et al. (2015), cumulative impacts have a high potential of 
disturbing marine mammals, especially those with limited ability to disperse.  To the best of our 
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knowledge, the marine mammal monitoring report prepared for Chevron’s 2005 seismic program in 
Orphan Basin provides the only available analysis of disturbance effects on marine mammals from 
concurrent seismic surveys in Atlantic Canada (Moulton et al. 2006).   
 
During the 2005 Chevron seismic program, there was a 12-week period when the M/V Geco Diamond 
and M/V Western Patriot conducted 3-D seismic surveys simultaneously in the Orphan Basin.  The two 
vessels, which operated 5085 in3 and 3000 in3 arrays, were typically separated by distances of 50 km but 
were occasionally as close as 35 km during seismic operations (Moulton et al. 2006).  Baleen whales, 
toothed whales, and dolphins were regularly sighted by MMOs on both seismic vessels during periods 
with and without airgun activity.  Based on observations from the seismic vessels, for baleen whales 
(humpback, fin, sei, minke whales combined), there were no statistically significant differences in 
sighting rates (number of sightings/hour) nor radial distances (closest point of approach, CPA) during 
periods with vs. without airgun activity.  Baleen whales were more likely to be observed swimming 
away from the seismic vessel during periods when the airguns were active vs. inactive.  Similar results 
were observed for toothed whales (sperm whale, northern bottlenose whale, and Sowerby’s beaked 
whale combined).  Dolphins (long-finned pilot whale, Atlantic white-sided dolphin, striped dolphin, and 
bottlenose dolphin) were seen significantly farther from the seismic vessels during periods with (mean 
CPA= 807 m) vs. without airgun activity (mean CPA= 652 m).  However, there were no statistically 
significant differences in sighting rates or types of behaviour recorded by MMOs.   It is noteworthy 
(albeit one must acknowledge caveats, particularly that this was not a systematic study) that in 2004, 
Chevron undertook a single 3-D seismic survey in Orphan Basin (SR/V Veritas Vantage, 4450 in3 array) 
and very similar marine mammal monitoring results, including sighting rates, were found relative to 
2005 (Moulton et al. 2005, 2006).   
 
A mitigating factor in MKI’s simultaneous 3-D and 2-D seismic surveys is that the seismic vessels will 
maintain a minimum separation distance (30 km but in 2017 the minimum separation distance between 
survey areas is ~45 km) when operating airgun arrays.  Typically seismic surveys will be separated by 
>100 km.  This should decrease the probability of synergistic disturbance effects on marine mammals 
(and sea turtles).  Relative to the effects predictions made for a single 2-D or 3-D seismic survey, the 
potential residual disturbance effects on marine mammals (and sea turtles) of three simultaneous 3-D 
seismic surveys and a 2-D seismic survey, would occur over a larger area (i.e., maximum geographic 
extent of 1001–10,000 km2 vs. 101–1000 km2).  With mitigation measures in place (see Table 2.2), 
residual disturbance effects on the Marine Mammal and Sea Turtle VEC associated with sound from the 
airgun arrays during simultaneous 3-D and 2-D seismic surveys are predicted to range from low to 
medium in magnitude for a duration of <1 month to 1–12 months over an area of <1 km2 to 
1001–10,000 km2.  Based on these criteria ratings, the reversible residual effects of airgun sound on 
marine mammals and sea turtles are predicted to be not significant.  Given the data gaps in baseline 
scientific data and the uncertainties of the effects of multiple simultaneous seismic surveys, the level of 
confidence associated with this prediction is low to medium (see Table 2.3).  No significant effects are 
predicted for other Project activities associated with simultaneous surveys (e.g., vessel presence, lights 
etc.); the level of confidence is judged as high with the exception of accidental releases which is judged 
as medium to high (see Table 2.3). 
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2.3.5 Species At Risk 
 
There are currently 12 species listed as Endangered or Threatened on Schedule 1 of the Species at Risk 
Act (SARA) that are considered in this assessment (also see LGL 2017b).  Note that the loggerhead sea 
turtle (Caretta caretta) was recently added to Schedule 1 of SARA as Endangered.  There has been no 
critical habitat identified in the Study Area for any of these species. 
 
Effects of a single conventional seismic survey are not predicted to significantly affect either white 
shark, northern wolffish, spotted wolffish, or Atlantic wolfish in the Study Area.  As indicated in 
Subsection 2.3.6, the Northeast Shelf and Slope Ecologically and Biologically Significant Area (EBSA), 
as described by Templeman (2007), overlaps and/or is proximate to three of the proposed 3-D survey 
areas, and is characterized by aggregating spotted wolfish in the spring.  With mitigation measures in 
place and as per the effects assessment above for the Fish and Fish Habitat VEC, the predicted effects of 
three simultaneous 3-D seismic surveys and a single 2-D seismic survey on at-risk fish species will 
range from low to medium in magnitude for a duration of <1 month to 1–12 months over a geographic 
area of <1 km2 to 1001–10,000 km2.  Based on these criteria ratings, the predicted effects of activities 
associated with simultaneous seismic surveys on white shark, northern wolffish, spotted wolffish, or 
Atlantic wolfish are predicted to be not significant (see Table 2.3).  The level of confidence associated 
with this prediction is low to medium (see Table 2.3) given the scientific data gaps. 
 
As noted in the original EA and subsequent EA Updates, blue whales, North Atlantic right whales, 
northern bottlenose whales (Scotian Shelf population), leatherback sea turtles, and loggerhead sea turtles 
(all listed as Endangered on Schedule 1 of SARA) are not expected to occur regularly in the Study Area.  
However, one blue whale was recorded in the Study Area, near the Cape Broyle 3-D Area, during 2015 
(RPS 2016b).  Although no other Endangered or Threatened species were sighted in the Project Area 
during surveys in 2015 and 2016, northern bottlenose whales (presumably from the Davis Strait/Baffin 
Bay/Labrador Sea population, which is considered Special Concern by COSEWIC but possibly from the 
Scotian Shelf population) were also seen in Flemish Pass (RPS 2015a,b, 2017b).  As noted earlier, fin 
whales (Special Concern on Schedule 1 of SARA) and an unidentified beaked whale were also seen in 
Flemish Pass during 2015–2016, but no Sowerby’s beaked whales (Special Concern on Schedule 1 of 
SARA) were identified.  The slope waters and Flemish Pass are considered areas of suitable habitat for 
northern bottlenose whales (Gomez et al. 2017), and likely other beaked whales. Given the location and 
simultaneous seismic surveys planned in 2017, MKI will also shut down airguns anytime a beaked 
whale species is detected within or approaching the 500 m safety zone. 
 
Moors-Murphy and Theriault (2017) noted that current mitigation measures as outlined in the Statement 
of Canadian Practice with Respect to the Mitigation of Seismic Sound in the Marine Environment 
(SOCP) are most relevant for reducing physical injury of species at risk near airgun arrays, and may not 
adequately address potential effects at farther distances.  Thus, in addition to the standard mitigation 
measures, such as delay of ramp ups, ramp up procedures, and shut downs anytime for Endangered and 
Threatened species that are detected within or approaching the 500 m safety zone around the airgun 
arrays, a minimum separation distance (30 km) between simultaneous 3-D and 2-D seismic surveys 
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within the Project Area will be maintained.  In 2017, the minimum distance between the closest 3-D 
surveys areas is 45 km. 
 
As noted above, the primary concern with three simultaneous 3-D seismic surveys and a single 2-D 
seismic survey is the increased potential for masking and disturbance effects in marine mammals.  With 
mitigation measures in place and as per the effects assessment above for marine mammals and sea 
turtles, the predicted effects of simultaneous seismic surveys on those marine mammals and sea turtles 
species considered at risk will range from negligible to medium in magnitude for a duration of <1 month 
to 1–12 months over a geographic area of <1 km2 to 1001–10,000 km2.  Based on these criteria ratings, 
the predicted effects of activities associated with three simultaneous 3-D seismic surveys and a single 
2-D seismic survey on marine mammal and sea turtle species at risk are predicted to be not significant 
(see Table 2.3).  The level of confidence associated with this prediction is low to medium (see Table 2.3) 
given the scientific data gaps. 
 
Ivory Gulls are considered rare in the Study Area.  If this species does interact with one or more of the 
simultaneous seismic surveys, residual effects are predicted negligible and not significant.  All sightings 
will be reported to CWS. The level of confidence associated with this prediction is judged as medium to 
high (see Table 2.3).  
 
2.3.6 Sensitive Areas 
 
Two sensitive areas either overlap or occur very near one or more of the proposed 3-D survey areas; the 
Northeast Shelf and Slope EBSA and the Lilly Canyon-Carson Canyon EBSA (Templeman 2007).  
While the Cape Broyle 3D survey area overlaps a small portion of the Lilly Canyon-Carson Canyon 
EBSA, two of the other three proposed 3-D survey areas either overlap or occur near (<35 km) the 
Northeast Shelf and Slope EBSA. The East Flemish Pass Phase II 3D survey area is located ~102 km 
east of the Northeast Shelf and Slope EBSA. Both of these EBSAs are part of a larger Ecologically or 
Biologically Significant Marine Area recognized by the Convention on Biological Diversity (CBD), 
known as the Slopes of the Flemish Cap and Grand Bank (CBD 2017). 
 
Both of the proposed 2-D survey areas overlap and/or are proximate to one or more sensitive areas. The 
Orphan Spur EBSA (DFO 2013) overlaps the Labrador Sea 2D survey area, while the Lilly 
Canyon-Carson Canyon EBSA (Templeman 2007) overlaps the Southern Grand Banks 2D survey area. 
The Southern Grand Banks survey area is also proximate to one and overlaps two NAFO coral/sponge 
closure areas; Beothuk Knoll (No. 13), and Flemish Pass/Eastern Canyon and Beothuk Knoll (No. 3), 
respectively (NAFO 2017). The coral/sponge closure areas are closed to all bottom fishing activities 
until at least 31 December 2018 (NAFO 2017). 
 
Despite both the Northeast Shelf and Slope and Lilly Canyon-Carson Canyon EBSAs being rated as 
‘low’ in terms of uniqueness/rarity by Templeman (2007), it is important to note why they are deemed 
EBSAs.   
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The Lilly Canyon-Carson Canyon EBSA is important to the feeding and productivity of Iceland 
scallops, as well as a location for year-round aggregation of feeding and overwintering marine 
mammals.  Although this area has been heavily fished in the past, the deeper parts of the canyons remain 
relatively undisturbed (Templeman 2007). 
 
The Northeast Shelf and Slope EBSA serves as a springtime aggregation area for spotted wolfish, a 
species with threatened status on Schedule 1 of SARA.  This EBSA is also recognized for the high 
concentration of Greenland halibut along its shelf edges in the spring.  This area has also been identified 
as a potentially important feeding area for marine mammals.  Templeman (2007) indicated that this 
EBSA is not particularly sensitive compared to other slope areas occurring in the region. 
 
The Orphan Spur EBSA is high in species diversity and concentrations, including corals, fishes, marine 
mammals and seabirds (DFO 2013).  High concentrations of commercially/ecologically-important 
and/or sensitive benthic species occur throughout this EBSA, such as spotted, northern (both with 
threatened status on Schedule 1 of SARA) and Atlantic (special concern status on Schedule 1 of SARA) 
wolffishes, skates and roundnose grenadier (assessed as endangered by COSEWIC), witch flounder, 
Atlantic cod (special concern status on Schedule 3 of SARA and the NL population assessed as 
endangered by COSEWIC), and American plaice and redfish (both assessed as threatened by 
COSEWIC) (DFO 2013). This EBSA is also an aggregation area for female hooded seals during winter 
(mid-priority candidate COSEWIC species) and several seabird species, and is likely a feeding area for 
sharks (DFO 2013). 
 
Given the ‘low’ uniqueness ratings (i.e., similar habitats available on the Grand Banks) of the Lilly 
Canyon-Carson Canyon and Northeast Shelf and Slops EBSAs (Templeman 2007) and based on the 
assessment above, the residual effects of activities associated with three simultaneous 3-D seismic 
surveys and a single 2-D seismic survey on sensitive habitat and/or the species within the Study Area are 
predicted to be not significant.  The level of confidence associated with this prediction is medium. 
 
2.4 Residual Effects Assessment Summary  
 
A summary of the Project’s residual effects on the environment is shown in Table 2.3.  All activities 
associated with MKI’s proposed additional Project activities are predicted to have no significant effects 
on VECs.  The level of confidence associated with these predictions ranges from low to high.  
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3.0 Cumulative Effects  
 
Section 8.0 of the original EA (YOLO/RPS 2012) and subsequent EA Updates (e.g., LGL 2017a) 
provide an assessment of cumulative effects from other activities in the Regional Area including 
fisheries, vessel traffic, and other oil and gas exploration and development activities. Additional 
information is summarized below followed by an assessment that considers the combined effects of 
offshore activities. 
 
3.1 Fisheries 
  
Fishing activity (commercial, traditional and aboriginal, and recreational) in the Project Area was 
recently summarized in the EA Update (2017a) for this Project and included the most recent commercial 
fisheries data (from 2015) available.  As in previous years considered within the assessment period for 
this Project, during May‒November 2015, snow crab (41% of total catch in the Study Area in terms of 
total catch weight quartile code counts) and Greenland halibut (23%) dominated the commercial catches 
in the Study Area, followed by redfish sp. (13%) and Atlantic halibut (8%).  Within the Study Area, the 
majority of fishing activity occurs during the May–August period.  Snow crab was primarily harvested 
in the southwest portion of the Study Area (see Figure 4.5 in LGL 2017a) in water depths of 100–200 m.  
Greenland halibut were primarily harvested between the 500 and 1,000 m isobaths in the central western 
portion of the Study Area (see Figure 4.6 in LGL 2017a).  Catch distributions for redfish and Atlantic 
halibut during May–August 2015 are shown in Figures 4.7 and 4.8, respectively of LGL (2017a).  In 
2017 (i.e., the last year in the temporal scope of the Project), it is anticipated that the commercial harvest 
species, and the timing and locations of commercial fisheries within the Study Area will be similar to 
previous years.   
 
3.2 Vessel Traffic 
 
The original EA noted that “Overall, the expected density of commercial traffic in the southern extent of 
the Study Area is light to moderate, and light to very light in the northern extent.”  This was based on 
vessel density maps presented in The Grand Banks of Newfoundland Atlas of Human Activities (DFO 
2007; see also Figures 5.78 and 5.79 in YOLO/RPS 2012).  Since publication of the original EA, there is 
a paucity of newly available information on shipping in the Study Area; this information is summarized 
below. 
 
The Canadian Year-Round Shipping Traffic Atlas for 2013: Volume 1, East Coast Marine Waters 
(Simard et al. 2014) contains monthly vessel traffic density data for 2013 derived from Canadian Coast 
Guard’s Automatic Identification System (AIS) database.  However, the data does not extend eastwards 
beyond 49ºW and includes almost no data for offshore Labrador; therefore, most of the MKI Study Area 
is not included in the Atlas.  The traffic density maps do indicate that during May–November 2013, the 
highest traffic density occurred nearshore east and north of Newfoundland’s Avalon Peninsula, 
particularly in the vicinity of St. John’s, and south of the island of Newfoundland (and south of the MKI 
Study Area).  This generally agrees with the shipping information presented in the original EA. Offshore 
vessel tracks (within the field of view presented in Simard et al. 2014) were predominantly located south 
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of 48ºN during May, June, October and November and overall vessel traffic increased during July, 
August and September (see Figures 118, 141, 164, 187, 210, 233 and 256 in Simard et al. 2014). 
 
A Marine Traffic (2017) website was accessed and provided information on real-time vessel locations as 
well as commercial vessel track lines from 2016.  While it was possible to distinguish vessel track lines 
by vessel type (i.e., fishing vessel, tanker, cargo, container ships, passenger vessels), track lines were not 
available for individual months or a monthly/seasonal range. An examination of vessel track patterns 
generally supported the information provided in the original EA. 
 
In 2016, 20 cruise ships visited the Port of St. John’s during the May–November period, with most visits 
(11) in September (R. Rose-Colbert, Economic Development, Culture & Partnerships Division, City of 
St. John’s, pers. comm., 12 July 2017). Information on cruise ship routing through MKI’s Study Area 
was limited. Representative cruise ship routes between May and November 2017, 2018, and 2019 were 
approximated based on information from the following cruise lines: Adventure Canada (2017), 
Expedition and National Geographic (2017), Fred Olson Cruise Lines (2017), Hapag Lloyd Cruises 
(2017), Hurtigruten (2017a,b,c,d), and Oceania Cruises (2017).  Many of the cruise ship trajectories 
planned between May and November 2017 and 2018 are located in the immediate vicinity of 
Newfoundland and Labrador, in order to facilitate port visits.  Based on available information, relatively 
small numbers of cruise ships (e.g., Fred Olson Cruise Lines Rugged Rural Canada tour, MS Europa) 
are anticipated to transit through MKI’s Study Area.   
 
In summary, commercial shipping traffic through the Project Area is anticipated to range from very light 
to moderate depending on specific location. To mitigate potential interactions between commercial 
shipping and the Project, MKI’s seismic and escort vessels constantly monitor shipping activity and 
communicate with other vessels when appropriate to ensure that appropriate separation distances are 
maintained for safe operations. 
 
3.3 Oil and Gas Activities 
  
 In 2017, MKI is planning to simultaneously conduct three 3-D seismic surveys and one 2-D seismic 
survey offshore Newfoundland and Labrador (Figure 3.1).  Although there are three 2-D survey areas, 
these surveys are being conducted by one vessel (i.e., M/V Atlantic Explorer).  The timing of the 
planned surveys is shown in Table 3.1.  Note that the Southern Grand Banks 2-D survey area in the east 
will not be surveyed when 3-D seismic surveying is occurring in the Cape Broyle survey area.  In 2017, 
the minimum separation distance between MKI survey areas is ~45 km.  However, in most situations, 
concurrent 3-D surveys would be separated by >100 km, and concurrent 2-D and 3-D surveys would be 
separated by 200–600 km.  Based on a review of the C-NLOPB website and our current understanding 
of potential seismic survey work offshore Newfoundland, there will be no additional seismic surveys 
offshore Newfoundland and Labrador in 2017. 
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FIGURE 3.1.  Locations of MKI’s planned 3-D and 2-D seismic survey areas in 2017.  Also shown are the 
production installations on the Grand Banks. 
 
TABLE 3.1.  Timing of MKI’s planned 3-D and 2-D seismic surveys in 2017.   

 
 
There are many challenges in assessing cumulative effects, particularly in the marine environment, due 
to limitations, data gaps, and uncertainties regarding species distribution and abundance, animal 
movement and behaviour, quantifying impacts, etc. (Wright and Kyhn 2014; Nowacek et al. 2015; Jones 
2016; Willstead et al. 2017).  In particular, project-based cumulative effects assessments have been 
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deemed to be inadequate, as they provide little scope for managing the effects of multiple projects; 
recommendations for more regional approaches have therefore been made (Jones 2016; Noble et al. 
2017; Willstead et al. 2017).  For cumulative effects to be assessed appropriately, species baseline 
information, monitoring and analyzing trends, and integrative and adaptive management are needed 
(Jones 2016; Willstead et al. 2017). 
 
3.4 Consideration of Combined Activities 
 
The primary concern associated with seismic surveys in combination with other projects or activities in 
the Study Area is the effects of underwater noise on VECs.  As discussed in §2.3 of this revised 
Amendment,  the cumulative effects of airgun sound from simultaneous seismic surveys on fish and fish 
habitat, fisheries, seabirds, marine mammals, sea turtles, species at risk and sensitive areas are predicted 
to be not significant.  However, there are uncertainties regarding these predictions, particularly including 
the effects of masking and disturbance on marine mammals, and the effects of disturbance on marine 
invertebrates and fishes from sound produced during multiple seismic surveys.  Note that possible 
disturbance effects on marine invertebrates and fishes might not only impact key life history components 
but also commercial fisheries and science surveys. However, disturbance effects on fisheries are more 
readily mitigated primarily through communication and temporal and spatial avoidance of seismic 
surveys from fishing activity. The uncertainties with the effects of underwater noise increase with the 
number of seismic surveys and additional sources of underwater noise in the area (e.g., commercial 
shipping, fishing vessels, and oil developments).  Noise from vessels and noise associated with offshore 
production and drilling are generally continuous (vs. pulsed sound from airguns) and at much lower 
sound levels.  There is little potential for hearing impairment or physical effects on VECs associated 
with underwater noise from vessels and offshore oil production.  Any avoidance of vessels and offshore 
oil developments by VECs, including species at risk, is likely to be localized and temporary (e.g., see 
Section 6 of the original EA; YOLO/RPS 2012).     
 
As discussed in the EA documents for this Project, negative effects (auditory, physical, and behavioural) 
on key sensitive VECs, such as marine mammals, appear unlikely beyond a localized area from the 
sound source.  In addition, all seismic programs will use mitigation measures such as ramp-ups, delayed 
startups, and shut-downs of the airgun arrays as well as spatial separation between seismic surveys 
(minimum of 30 km). Seismic programs and other ocean users (commercial shipping, fishing, oil 
developments) will have to maintain an appropriate separation distance for safe operations.  Marine 
mammal response (including species at risk) to commercial shipping noise is expected to be localized 
and temporary especially for vessels maintaining a constant course and speed, which is typical for 
transiting commercial vessels.  Marine invertebrate and fish response to commercial shipping noise is 
also expected to be localized and temporary, especially given the much lower sound levels associated 
with commercial shipping. Thus, it seems likely that while some animals may receive sound from 
multiple seismic programs, other vessels, and oil developments in the Study Area, the current prediction 
is that no significant residual effects will result from exposure to underwater sound.  The level of 
confidence associated with this prediction is rated as low to medium given the scientific data gaps. 
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3.5 Follow-up Monitoring 
 
Given the increased uncertainty associated with effects, particularly disturbance, on marine mammals 
from multiple concurrent seismic surveys, a comprehensive marine mammal and sea turtle monitoring 
report (e.g., Moulton et al. 2005, 2006) will be prepared for submission to the C-NLOPB following the 
2017 seismic surveys.  The report will provide analyses of data collected by MMOs in 2017 onboard 
each of the four MKI seismic vessels; statistical analyses will compare sighting rates, distances, and 
behaviour of marine mammals during periods with and without airgun activity. The monitoring report 
will be provided to the C-NLOPB and DFO. All mitigation and monitoring procedures and an 
assessment of their efficacy will be provided as required in the C-NLOPB’s “Geophysical, Geological, 
Environmental and Geotechnical Program Guidelines” (C-NLOPB 2017).   
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