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1.0 project overview

Environmental Impact Assessments (EIA) were completed for two seismic exploration programs  proposed to occur concurrently in adjacent License Blocks in northeast Baffin Bay during the 2012 open-water season (the Project). Several potential impacts of the Project on the environment were identified as part of the EIA; with the main issue of concern identified as the potential for seismic airgun noise to result in physical injury (auditory impairment) and/or behavioural disturbance to marine mammals during the active seismic program. Potential in-water noise effects on marine mammals serves as the focus of this paper. 
2.0 regulatory setting
Offshore hydrocarbon exploration activities in Greenland are subject to approval by the Bureau of Minerals and Petroleum under the Mineral Resources Act. In 2006, BMP initiated a decision process for the Baffin Bay Region in connection with preparation of a hydrocarbon licensing round to be completed by the end of 2008.  To assist in the regulatory decision process, a preliminary Strategic Environmental Impact Assessment (SEIA) of activities related to exploration, development and exploitation of hydrocarbons in the Baffin Bay was prepared in 2009 by the Danish Centre for Environment and Energy (DCE). The area was opened for licence applications in 2010 and seven licenses were granted in December 2010.  At the same time, several studies were initiated to further augment the biological background knowledge in Baffin Bay, and the results of these studies were included in an updated version of the SEIA released in December 2011.
 Seismic Survey Standards were issued by BMP in 2003 to provide guidelines for application, execution, and reporting of offshore hydrocarbon exploration activities (excluding drilling) in Greenlandic waters.  The guidelines were substantially revised in December 2011 (BMP 2011), mid-way through the EIA process for the Project. As such, the EIA was adapted to meet the most current Greenlandic legislation and regulatory requirements, and incorporate relevant international standards. As required in the BMP Guidelines, Best Available Technology (BAT) and Best Environmental Practice were considered and incorporated into the Project.

3.0 Project Sensitivities

The Project had the potential to overlap with a number of sensitive marine mammal habitats, as well as known distribution areas of five threatened marine mammal species listed on the Greenland Red List /IUCN Red List, including narwhal, beluga, bowhead whale, polar bear , and walrus.   Sensitive habitats in the Baffin Bay Region include a polar bear protection area within the Melville Bay Nature Reserve, and four seasonal Narwhal Protection Zones (NPZ).  Each NPZ had a designated protection period in which seismic activity should be avoided where possible, or be limited in occurrence and compliant with specific regulatory restrictions (widely spaced seismic lines; seismic shooting plan pre-approved by BMP). 
The Project was designed to avoid these protection areas, with the exception of a portion of one seismic survey which overlapped spatially and temporally with NPZ-I, an identified narwhal summering ground in Melville Bay (protection period between June 1 - October 25).
4.0 Seismic Noise and Marine Mammals

Seismic surveys introduce high-amplitude sound pulses into the marine environment that typically reach 250 dB re 1 uPa (1 m from source). Most of the sound produced during seismic surveys consists of low frequency pulses at frequencies below 250 Hz with the strongest energies centered in the 10 to 120 Hz range (Goold and Fish 1998). This falls below the sensitive hearing range for beluga and narwhal, but is within the sensitive hearing range for bowhead whales, seals, and walrus (Richardson et al. 1995). Possible effects from seismic sound on marine mammals include: physical effects (hearing impairment), behavioural effects (displacement, avoidance, tolerance), and masking.
Assessment of the potential for seismic sounds to impact marine mammals requires sound level thresholds against which received sound levels can be compared. Standard safety injury and disturbance criteria are used to assess the potential for seismic survey noise to impact marine species. Currently applied criteria in Canada and the US are based on the root mean square (rms) sound pressure level (SPL) developed by the US National Marine Fisheries Service (NMFS).   Safety criteria for cetaceans is 180 dB re 1uPa (rms) and for pinnipeds is 190 dB re 1uPa (rms).  These thresholds are intended to represent levels at which there is potential for auditory injury. Commonly, the 160 dB re 1uPa (rms) threshold has been used as a disturbance criterion for all marine mammals where this is a possibility for disruption of behavioural patterns.  Behavioural responses are not necessarily predictable from the level (loudness) of the sound source and may vary depending on many factors (McCauley et al. 2000).
Southall et al. (2007) recently proposed alternative criteria for injury and behavioural disturbance in marine mammals. These are based on peak pressure and sound exposure level metrics and take into account the type of sound, and the hearing capabilities of the marine mammal.  These criteria are based on the zero-to-peak SPL of the acoustic wave, expressed in dB re 1 µPa, and the total Sound Exposure Level (SEL), expressed in dB re 1 µPa2s. A received sound exposure is assumed to cause injury if it exceeds either the peak SPL and/or the SEL criterion. 

For a multi-pulse source such as an airgun array, the following injury criteria are applicable:

· SPL: 230 dB peak re 1 μPa (flat-weighted) for cetaceans, 218 dB peak re 1 μPa (flat-weighted) for pinnipeds.
· SEL: 198 dB re 1 μPa2s (M-weighted) for cetaceans, 186 dB re 1 μPa2s (M-weighted) for pinnipeds.

The SEL criteria takes into account the cumulative effect of multiple exposures in the case of a multi-pulse sound source such as an airgun array. Southall et al. (2007) sum multiple exposures to produce a single exposure “equivalent” value by assuming that there is no recovery of hearing between sound pulse exposures. 
In the case of a multi-pulse source such as an airgun, no single criterion for behavioural impacts was found to be suitable across multiple marine mammal groups.  Instead, the likelihood of behavioural modification must be assessed for a given scenario based on available data for the type of sound source and the marine mammal species involved (Southall et al. 2007).
5.0 ASSessment of underwater sound IMPACTS 

Literature Review

A comprehensive literature review was conducted to summarize the known effects of seismic sound on marine mammals and identify information gaps relevant to this subject. The key findings included.
· No documented instances of deaths, physical injuries or hearing-related injuries to marine mammals in nature from seismic surveys. Captive studies suggest there is a risk of temporary or permanent hearing-related injury within a few hundred meters of a typical seismic sound source.
· Behavioural responses to seismic noise have been reported for marine mammals, primarily baleen whales. Due to overlap of seismic sound with biologically important sound at specific frequencies (acoustic masking), may be important as well.
· The most common reaction of marine mammals to seismic operations is avoidance which may be beneficial, since it reduces the risk for hearing injury by diverting the animal from areas of high sound exposure.

· The temporary nature of seismic surveys and their small acoustic footprint relative to the range of many marine mammals reduces the significance of possible habitat loss to small-scale, short-term effects
Underwater Noise Modeling

Sound propagation modeling was undertaken at the License Block level to predict the underwater acoustic field from a single seismic source under various Project scenarios.  The reduction in sound level that results from propagation of sound away from an acoustic source is known as transmission loss. Received sound pressure levels distributed about a given noise source can be computed by combining acoustic source levels with transmission loss estimates.  This method of modelling underwater sound propagation was applied in the present study. Local environmental conditions including bathymetry, sediment properties, and sound speed profiles were input to the transmission loss model. Computed transmission loss values were combined with estimated source levels to generate received sound levels over a 3-dimensional grid. The modelled received levels were processed to provide sound level isopleth maps in terms of SEL, rms SPL, and peak SPL values. Results were used to determine the appropriate scale of marine mammal safety zone (buffer zones) to be implemented around the seismic source vessel for each Project.  
Given that multiple seismic programs were scheduled concurrently in adjacent license blocks in Baffin Bay during the 2012 open-water season, an approach for investigating and assessing the cumulative effects of underwater sound on marine mammals from multiple seismic operations was agreed to, in principle, by BMP, DCE, and the three northeast Baffin Bay operators at a meeting in January 2012.  Consequently, a multi-source sound propagation model was also developed to assess potential cumulative noise exposure on marine mammals at the regional level.
6.0 Marine Mammal Management Plan
A project specific MMMP was designed to reduce the risk of marine mammals being exposed to high levels of underwater sound during the survey period. Mitigation in the MMMP included: 

· The seismic survey will take place over the shortest possible period of time and the largest number of streamers possible during the seismic survey will be used;

· Implementation of visual and acoustic marine mammal monitoring programs using trained marine mammal observers and PAM;
· Implementation of ramp-up procedures and pre-shooting searches;

· A Project-specific marine mammal safety zone was developed based on acoustic impact criteria established by NMFS and acoustic modeling results. The distance from the seismic array at which point seismic noise was predicted to exceed the applicable NMFS injury threshold for cetaceans (180 dB re 1 uPa) was determined to be approximately 710 m (R95%; exceeds safety range recommended by the Joint Nature Conservation Committee (JNCC)’s  2010 guidelines; JNCC 2010). An 800 m marine mammal safety zone was established. Marine mammals outside the 800 meter safety zone are presumed not to be exposed to harmful levels of sound.
· Seismic activities shall be minimized in Narwhal Protection Zone I (NPZ-I) during the corresponding protection period (01 June to 25 October). Seismic lines occurring in NPZ-I will be limited to a few widely spaced (>10 km) lines. For seismic operations planned in NPZ-I, a detailed shooting program will be provided to BMP for their review and approval. 
7.0 Recommendations 

Several limitations were identified during the development of the EIA document: 

· Additional bathymetric information including seafloor properties and seasonal water column structure would have made the acoustic modelling more robust.
· Measurements of ambient sound levels would assist in determining the maximum range to which sound is audible to different marine mammals relative to their existing ambient conditions. 
· More information on marine ecosystems (e.g. mammal migration patterns in relation to timing of sea ice break-up)
Current and proposed research that will aid in conducting future EIAs include: 

· A PAM program involving fixed (bottom-moored) sensors will be completed by Aarhus University in summer/fall of 2012. It is possible that ship-based marine mammal safety zones could be revised in the field, or modified for future seismic surveys. Acoustic monitoring will also be conducted in critical habitat (NPZ-I) to capture pre- and post-seismic marine mammal distribution. 
· Aerial surveys on narwhal residency and migration patterns before, during and after multiple seismic surveys to evaluate potential displacement of narwhal and possible behavioural disruption due to seismic sound. 
· A study on the effects of seismic sound on local subsistence harvest activities will also be carried out. Interviews will be conducted with Greenlandic hunters to determine potential effects on marine mammal catch rates, changes in hunting locations and effort.
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