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ACRONYMS 
bar-m bar meters 
cu in cubic inches 
cu m cubic meter(s) 
dB decibels 
ft foot/feet 
Hz hertz 
m meter(s) 
M/V marine vessel 
NMFS National Marine Fisheries Service 
PGS PGS Onshore, Inc. 
rms root mean square 
re 1 μPa-m relative to one microPascal at one meter distant 
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1.0 INTRODUCTION  
 
PGS Onshore, Inc., (PGS) has been contracted by ENI Petroleum (ENI) to conduct an exploratory three-
dimensional (3D) marine seismic survey in the Beaufort Sea of Alaska, utilizing an ocean bottom cable/
transition zone technique.   
 
This Addendum was created to provide additional information as requested by the National Marine 
Fisheries Service as part of the review of the Incidental Harassment Authorization (IHA) application 
submitted to NMFS by PGS on May 9, 2008. 
 
2.0 SAFETY RADII AND MODELING 
2.1 Sources Used for Data Acquisition 
PGS will use two source vessels, marine vessel (M/V) Wiley Gunner and M/V Little Joe, which will both 
be equipped with identical airgun arrays with a total air discharge volume of 0.014 cubic meters (cu m) 
(880 cubic inches [cu in]).  Each array will be made up of four 0.00164 cu m (100 cu in) airguns and six 
0.00131 (80 cu in) airguns, configured as shown in Figure 1.  The airguns comprising the arrays are 
smaller than most arrays used in seismic programs in either the Beaufort Sea or Chukchi Sea, and are 
expected to operate at a depth of between 0.91 meters (m) and 2.29 m (3 feet [ft] and 7.5 ft). 
 
2.2 Modeling Technique 
The airgun array was modeled using Nucleus Marine Source Modeling software, which is a software 
program typical of that used though out the seismic industry.  The modeling software includes source 
interaction effects, directivity considerations, and attenuation with distance.  The method used for the 
model is detailed in the attached technical paper The QCD Modeling Scheme.   
 
The software is set up to calculate the resulting wavelet for any distance or direction from an arrayed 
source.  The Farfield signature thus obtained is normalized to a distance of one meter.  The wavelet is 
injected into an earth model composed of a group of cells.  The air layer, water layer, and sediment layer 
are explicitly defined.  Each cell is assigned velocities and densities and the wave equation is evaluated at 
the appropriate number of cells to simulate propagation of the wave through the model.  This software 
includes transmission, reflection, refraction, absorption, waveform interaction, and spectral decay 
evaluation.   
 
Conventional decibel (dB) scales used to compare marine seismic source arrays are in units of dB relative 
to 1 micro Pascal at 1 meter per Hertz (dB re 1 μPa-m /Hz).  The “per Hertz” notation indicates however 
that this measurement should be taken in the frequency domain, not in the time domain.  Time domain 
measurements are typically noted in bar-meters. 
  
The PGS source has a peak to peak amplitude equal to 31.4 bar-meters (bar-m)using the time domain 
Farfield signature (Figure 2).  The direct conversion to dB would give a source output of 249.94 dB: 

20 log10(bar-m*1011) = dB 
20 log10(31.4*1011) = 249.94 dB 
 

However this source strength is not conventionally used in the industry when comparing relative strengths 
of marine seismic source arrays, as it has been generated using amplitude in the time domain, and not the 
frequency domain. 
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To resolve this and get an accurate measurement of absolute dB for the air gun source, the time signature 
is processed using a Fourier Transform to obtain the amplitude and phase spectra of the signature.  The 
resulting amplitude spectra  is then converted to dB utilizing the formula above, resulting in the 
Frequency Domain Measurement (Figure 3) which details absolute dB through the graphed frequency 
ranges.  In the case of the 880 cu in the source proposed by PGS, the maximum absolute dB is slightly 
less than 200 dB at a frequency between 40 and 50 Hz.   
 
2.3 Sound Source Results 
Model results indicate that the maximum amplitude is 197 dB dB re 1 μPa-m (peak) at 42 Hz.  Therefore 
the modeled sound level at source is 192.7 dB re 1 μPa-m root mean square (rms) at frequencies between 
about 10 Hz and 100 Hz.  The absolute dB decreases at frequencies higher than 100 Hz as shown on 
Figure 3.   
 
2.4 Sound Propagation 
The proposed PGS array is specifically designed to direct sound pressure downwards as shown in Figures 
4 and 5.  Figure 4 shows an inline (bow to stern) cross section maximum amplitude in dB; Figure 5 shows 
a crossline (port to starboard) crossline cross section maximum amplitude in dB.  Sound propagation is 
quickly attenuated through interference patterns between the individual guns on the array.  Based upon 
the model, the radii distance to the 190-dB isopleth is only a couple of meters (6 to 9 ft), while the 
distance to the 180-dB isopleth is only about 10 m (30 ft).  As shown on Figure 5, inline maximum 
amplitude reduces to 160 dB in less than 40 m (130 ft).  Crossline maximum amplitude reduces to 160 dB 
in approximately 35 m (115 ft) (Figure 7).   
 
Monitoring a 10-m (30-ft) safety radii is impractical.   Therefore, PGS is proposing to establish a more 
conservative 50-m (160-ft) safety radii centered over the array.  Establishing a shutdown safety radius of 
50 m (160 ft) for all marine mammals, the most conservative estimate for the 180-dB isopleth, should 
ensure injurious “takes” are avoided.  Finally, acoustical field measurements of actual sound propagation 
from the operating array will be taken at the onset of the survey season.  Should these measurements 
prove that associated sound energy is traveling farther than estimated, the safety zone will be adjusted 
accordingly and take estimates will be recalculated. 
 
3.0 GRAY WHALES 
Although the PGS IHA considers gray whales to be an extralimital species, at the request of the National 
Marine Fisheries Service (NMFS), the following evaluation has been completed for incorporation into the 
IHA application dated May 2008.   
 
3.1 A Description of the Status, Distribution, and Seasonal 

Distribution (When Applicable) of the Affected Species or 
Stocks of Marine Mammals Likely to be Affected by Such 
Activities  

The eastern Pacific or California gray whale population, like all large whale populations, was once hunted 
to near extinction, but has since recovered significantly from commercial whaling, and now numbers 
about 19,000 (revised Angliss and Outlaw 2005).  The Pacific gray whale ranges from the Bering, 
Chukchi, and Beaufort Seas (in summer) to the Gulf of California (in winter) (Rice 1998); however, gray 
whales have also been documented foraging in waters off of Southeast Alaska, British Columbia, 
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Washington, Oregon, and California (Rice and Wolman 1971; Berzin 1984; Darling 1984; Quan 2000; 
Calambokidis et al. 2002). Most of the eastern north Pacific population makes a round-trip annual 
migration of more than 8,000 km (4,320 nm) from Alaska waters to Baja California in Mexico. From late 
May to early October, the majority of the population concentrates in the northern and western Bering Sea 
and the Chukchi Sea.   
 
Typically, gray whales are found in shallow water, and usually remain closer to shore than any other large 
cetacean. Gray whales are considered common summer residents in the nearshore waters of the eastern 
Chukchi Sea, and occasionally are seen in the Beaufort Sea east of Point Barrow in late summer, as far 
east as Smith Bay (Green et al. 2007).  On wintering grounds, mainly along the west coast of Baja 
California, gray whales habitat shallow, nearly land-locked lagoons and bays (Rice et al. 1981).  From 
late February to June, the population migrates back to arctic and subarctic seas (Rice and Wolman 1971).  
Angliss and Outlaw (2005) recently estimated the Pacific gray whale population at about 19,000 based on 
surveys conducted in central California in 2000/2001 and 2001/2002, and suggested that the population 
may have declined from earlier estimates possibly due to the populations reaching carrying capacity.  The 
eastern Pacific stock was removed from the Endangered Species List in 1994 and is not considered by 
NMFS to be a strategic stock.  
 
3.2 Anticipated Impact of the Activity on the Species or Stock 
 
Gray whales in the immediate area of seismic activity will likely show some behavioral changes.  The 
changes in behavior, however, depend upon distance from the seismic source and are expected to be 
minimal.  In a study including gray whales, behavioral responses were observed when the whales were 
subjected to seismic sounds between 160 and 170 dB re 1µPa.  Studies in the Bering Sea by Malme et al 
(1986, 1988) showed the responses of gray whales to seismic sound pulses from a 100 cu in airgun array.  
Fifty percent of feeding whales stopped feeding when exposed to sound levels of 173 dB re 1µPa on 
average, and 10 percent stopped feeding at a received sound level of 163 dB re 1µPa.  One whale study 
found indications of behavioral changes such as increased swim speed and shorter blow periods for 
seismic activities at a distance of up to 30 km (Würsig et al. 1999). However, when conducting shore-
based counts Johnson (2007) did not mention any change in behavior and found no significance between 
abundance and seismic activity. 
 
Data on short-term reactions (or lack of reactions) of cetaceans to impulsive noises do not necessarily 
provide information about long-term effects. It is not known whether impulsive noises affect reproductive 
rate or distribution and habitat use in subsequent days or years. Gray whales continued to migrate 
annually along the west coast of North America despite intermittent seismic exploration (and much ship 
traffic) in that area for decades (Malme et al. 1984; Richardson et al. 1995; Angliss and Outlaw 2005).  
 
3.3 By Age, Sex, and Reproductive Condition (if Possible) the 

Number of Marine Mammals (by Species) that May be Taken by 
Each Type of Taking Identified in Paragraph (a)(5) of this 
Section, and the Number of Times Such Takings by Each Type 
of Taking Are Likely to Occur 

PGS does not expect to encounter gray whales in the seismic survey area.  There are currently no reliable 
abundance or density estimates for gray whales in the Beaufort Sea, but the number of individual whales 
is acknowledged to be very low and very few sightings have ever been recorded as far east as the Project 
Area.  Although there are essentially no recent records of gray whales occurring in the project vicinity, 
recent reports (e.g., Green et al. 2007) suggest gray whales may be penetrating deeper into the Beaufort 
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Sea, thus, a slight chance does exist for sightings of gray whales.  For this reason a take estimate for 2 
(individual or as mother/calf pair) gray whales is requested.   
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