
 

 
 

 

          

               

    
       
         
 

    
 

     

             

             
    
      
    
      
  
  
    
   
    
 

              
   
     
    
 

       
   
  
   
 

  
    

 

 
    

 
               

 
                

             

Letter of Authorization Application – Addendum to G&G Permit Application 

Long Form – Assumes proprietary materials of BOEM G&G application are not provided to NMFS 

Requested Period of Effectiveness: 
Start date : August 1st, 2022 
End date : April 18th, 2023 

BOEM Permit Application: L22-004 

A. Type of Survey: 

Please indicate which type of survey will be used in the proposed activity 

_X_ Deep Penetration Seismic (greater than 1,500 in3 total airgun array volume) 
 2D Seismic-towed Streamer 
 2D Seismic-Seafloor Cable or Nodes 
 3D Seismic-towed Streamer 
 3D Seismic-Seafloor Cable or Nodes 
 NAZ 
 WAZ 
 4D (Time Lapse) 
 Vertical Cable 
 Borehole Seismic (VSP) 

___ Shallow Penetration Seismic (less than 1,500 in3 total airgun array volume) 
 Surface Vessel 
 Surface Vessel and AUV/ROV 
 Borehole Seismic (VSP) 

___ HRG Surveys (no airguns used) 
 Surface vessel 
 AUV/ROV 
 Both 

___ Other 
Describe (if Other): 

Proxy used : Coil 

WesternGeco is applying for an LOA to acquire a long offset sparse OBN survey. 

The Coil proxy option has been used in the Exposure Estimation Tool because it most closely 
resembles sparse OBN. Both Coil and sparse OBN use efficient acquisition methodology to 
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acquire Full Azimuth (FAZ) and long offset data to enable better imaging of the sub-surface 
geological structures in both production/development and exploration settings. Both 
acquisition methods use multiple sources, towed from different vessels to achieve the Full 
Azimuth and Long Offset data set. Long offsets being 30 Km for sparse OBN and 18-20 Km for 
Coil. Full Azimuth (FAZ) means each receiver collects data from a full range of azimuths, i.e. 0° -
360°, thereby “illuminating” the sub-surface geological structures from different directions and 
therefore providing a clearer image of potential drilling prospects. 
In contrast, 3D NAZ is narrow azimuth and short offset, typically 8-10 Km, with a source towed 
by a single vessel, the same vessel that tows the receiver array. Narrow Azimuth means each 
receiver collects data from a limited range of azimuths, i.e. 150° - 210° relative to the source 
and therefore there is a limitation on this technology’s ability to image the deep geological 
structures. 

B. Survey Area and Operational Plan: 

Question: Response 
Location: 

(Lease Block(s), Facility or Prospect Name, 
Lat/Lon, etc.) 

Engagement 3 
Located in the Green Canyon and Walker Ridge 
protraction areas 

Overall Duration of the Activity (days): 85 days 

Areal extent of the survey area: 
(in OCS lease blocks or km2) 

(Attach GIS file(s) of survey lines and/or 
survey area perimeter) 

103 OCS blocks for the node area 
322 OCS blocks for the source area 
Source and node perimeter shape files attached 

G&G ITR/PEIS Modeling Zone(s) in 
which the activity will occur (1-7): 

Zone 5 : 78% (54 days) 
Zone 7 : 22% (15 days) 

Number of days during the overall activity 
period on which the sound source(s) listed 

in Section C will operate: 
(If the activity will occur in more than one 

Modeling Zone, provide the number of 
operating days within each modeling zone.) 

69 days 
Summer has been used for modelling purposes. 
However, it is anticipated that the actual survey will be 
split between Summer and Winter. 

Water depth range 1,000 m to 2,500 m 
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C. Sound Sources: 

 List all survey-related instruments that emit acoustic energy into the water column, including but not limited to airgun or airgun arrays, 
sub-bottom profilers, bubble pulsers, sparkers, side scan sonars, multi-beam sonars, single-beam echosounders, ultra-short baseline 
(USBL) position systems, pressure inverted echosounder (PIES), etc. 

 For airgun arrays, please attach a diagram showing the layout (geometry) of the array and list of airgun sizes. See attached source 
description file: 5370_12m_array_report.pdf 

Energy 
Source 

Air gun array 

Pressure 
Inverted Echo 
Sounder 

Single beam 
echosounder 
One per 
vessel 

Manu-
facturer 

Bolt 

Sonardyne 

Simrad 

Model 

Long Life 

8036 

EA600 

Total Array 
Volume & 
Number of 
Elements 
(cubic inches 
or Liters.) 
5370 cu. in. 

NA 

NA 

Source Level 
(SL) in dB re 
1μPa@1m in 
water 
(RMS) 

232 

188-200 dB 

Source Level 
(SL) in dB re 
1μPa@1m in 
water 
(Peak to Peak) 

262 

190-200 dB 

Operating 
Frequency 
(Hz, kHz, 
range) 

0-128 Hz 

14-19 KHz 

38 Khz 

Pulse 
Duration 
(seconds, 
milli-
seconds) 

100 msecs 

NA 

Pulse Rate 
(or Cycle) 
(Pulses per 
second or 
minute) 

8 seconds 

1 pulse 
every 15 
seconds 

Towing 
Depth of 
the Source 
(ft or m) 

12 m 

Placed on 
seabed 

Towing 
Depth of the 
Receiver(s) 
(ft or m) 

OBN 
receivers on 
Seabed 

Placed on 
seabed 

Duration of Use 
(Number of Days 
or Percent of 
Active Sound 
Source Days) 

69 

85 

85 

USBL system Kongsberg HiPAP 
501 

NA 21-31 Khz 85 
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D. Take Estimate: 

[Insert the “Summary for NOAA” table here after completing all required inputs on the 
“Applicant Data Entry” spreadsheet in the Take Calculator Excel file or alternative tool 
developed with/by NMFS] 

Zone 5 
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Zone 7 
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Total for Zones 5 + 7 
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E. Mitigation and Monitoring Efforts: 

Question: Response: 

All monitoring and mitigation measures in the ITRs 
applicable to Airgun Surveys with a total volume >1500 
cu in will be followed. 

Please indicate which set of monitoring and See attached file “Mitigation Measures.pdf” for a list of 
mitigation measures from the ITR’s apply to the applicable monitoring and mitigation measures. 

planned activity: Additionally, to avoid potential taking of killer whales, 
the airgun array will be shut down if killer whales are 
observed at any distance from the array while in 
operation. 

Confirm that you will apply this set of monitoring 
and mitigation measures during the activity: 

Yes, we will apply these measures during the 3D OBN 
survey. 

F. Map of Survey Area and Transit Route 

[Insert map here or attach as a separate file] 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Full array report with directivity 

This report is copyright Oakwood Computing Associates Ltd. 2002-. The report is automatically
generated using GUNDALF and it may be freely distributed provided it retains all copyright notices
and is kept as a whole. 

Technical Overview 

The following report was compiled using the Gundalf source array modelling program. 

Gundalf has been calibrated for all modern airgun types including the latest environmental e300 and
e500 sources, long-life guns, G guns, and sleeve guns both singly and in clusters. Since June 2021 it
can optionally model a growing number of sparker/boomer types. Gundalf users can access
calibration information directly within the product in a variety of environments. Gundalf calibration is
revisited periodically whenever new data becomes available. The current calibration epoch is given
in the header of this report. For more information 

Array Summary 

The following table includes error bounds for the primary characteristics of the source signature
where relevant: peak to peak, primary to bubble and bubble period. Error bounds for airguns are
derived during calibration where possible, a time-consuming process involving optimally matching
the model to many near- and far-field measurements of different quality, bandwidth and provenance,
for both single and clustered airguns. Error bounds are not normally available for other source types
modelled by Gundalf. For more on this, see the Modelling Notes at the end of this report and also the
online help for calibration in Gundalf itself. 

Note that it is important to state the conditions under which the RMS is computed since it depends
directly on the length of the window used. Here an energy criterion determines the length when less
than the full window must be used, specified as a precentage of the energy in the full window as is
the case with drop-out computations. The energy window used is indicated in the table. 

Note also that some of these parameters, most obviously the peak measurements will depend on the
maximum model bandwidth, which is shown for reference. In addition some parameters for example
those associated with bubbles are difficult to define for some source types 

Where given, the error bounds shown in the table represent 95% confidence intervals for the Gundalf
model against its calibration data. 

Copyright Oakwood Computing Ass. Ltd. 2020- Page 1/21 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Number of guns 22 (5370.00 cu.in., 88.00 litres)
Peak to peak in bar-m.  127.5 +/- 1.6 ( 12.75 +/- 0.2 MPa, 262 dB re

1muPa. at 1m.)
Zero to peak in bar-m.  59.1 ( 5.91 MPa, 255 dB re 1muPa. at 1m.)

RMS pressure in bar-m. (full window)  3.97 ( 0.397 MPa, 232 dB re 1muPa. at 1m.)
Primary to bubble (peak to peak)  10.2 +/- 4.1

Bubble period (s.)  0.048 +/- 0.014
Maximum spectral ripple (dB)  47 (10 - 70 Hz.)
Maximum spectral value (dB)  219 (10 - 70 Hz.)
Average spectral value (dB)  212 (10 - 70 Hz.)

Total acoustic energy (Joules) 647667.1 
Total acoustic efficiency (%)  53.3 

Maximum model bandwidth (Hz) 0-1024 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Array geometry 

The following table lists all the guns modelled in the array along with their characteristics. Please
note the following:-

The peak to peak varies only as the cube root of the volume for the same gun type so that
even small guns contribute significantly. This is particularly relevant to drop-out analysis.
The peak to peak can also be depressed due to clustering effects as reported long ago by
Strandenes and Vaage (1992), "Signatures from clustered airguns", First Break, 10(8). 

Gun 
number 

Press. 
(psi) 

Volume 
(cu.in) 

Gun 
Type 

x 
(m.) 

y
(m.) 

z 
(m.) 

Delay
(s.) 

Sub-
array

number 

Peak to 
peak

contrib. 
(percen

t) 

Max. 
bub. 
rad 
(m.) 

1 2000.00 235.00 1500LL  0.000  -4.500  12.000  0.0000 1  4.8  0.4 
2 2000.00 235.00 1500LL  0.000  -3.500  12.000  0.0000 1  4.8  0.4 
3 2000.00 290.00 1500LL  3.000  -4.500  12.000  0.0000 1  4.9  0.5 
4 2000.00 290.00 1500LL  3.000  -3.500  12.000  0.0000 1  4.8  0.5 
5 2000.00 290.00 1500LL  6.000  -4.500  12.000  0.0000 1  4.9  0.5 
6 2000.00 290.00 1500LL  6.000  -3.500  12.000  0.0000 1  4.8  0.5 
7 2000.00 235.00 1500LL  9.000  -4.500  12.000  0.0000 1  4.7  0.4 
8 2000.00 235.00 1500LL  9.000  -3.500  12.000  0.0000 1  4.6  0.5 
9 2000.00 195.00 1900LLX  12.000  -4.000  12.000  0.0000 1  3.9  0.4 
10 2000.00 195.00 1900LLX  15.000  -4.500  12.000  0.0000 1  3.9  0.4 
11 2000.00 195.00 1900LLX  15.000  -3.500  12.000  0.0000 1  3.9  0.4 
12 2000.00 235.00 1500LL  0.000  3.500  12.000  0.0000 2  4.8  0.4 
13 2000.00 235.00 1500LL  0.000  4.500  12.000  0.0000 2  4.8  0.4 
14 2000.00 290.00 1500LL  3.000  3.500  12.000  0.0000 2  4.8  0.5 
15 2000.00 290.00 1500LL  3.000  4.500  12.000  0.0000 2  4.9  0.5 
16 2000.00 290.00 1500LL  6.000  3.500  12.000  0.0000 2  4.8  0.5 
17 2000.00 290.00 1500LL  6.000  4.500  12.000  0.0000 2  4.9  0.5 
18 2000.00 235.00 1500LL  9.000  3.500  12.000  0.0000 2  4.6  0.5 
19 2000.00 235.00 1500LL  9.000  4.500  12.000  0.0000 2  4.7  0.4 
20 2000.00 195.00 1900LLX  12.000  4.000  12.000  0.0000 2  3.9  0.4 
21 2000.00 195.00 1900LLX  15.000  3.500  12.000  0.0000 2  3.9  0.4 
22 2000.00 195.00 1900LLX  15.000  4.500  12.000  0.0000 2  3.9  0.4 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Array plan and side views 

The plan and side views appear below. These are annotated for gun type (colour of floating text
indicating volume in cuin.), gun active status (fill colour) and also gun number, matching the table
above. The side view is a view from the port side towards the starboard side and shares the same x-
axis as the plan view. This is annotated identically to the plan view. 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Array centres 

The following diagram shows the array geometric centre, the centre of pressure and the centre of
energy defined as follows:-

The array geometric centre is defined to be the centre of the rectangle formed by the largest
and smallest x and y values of the active guns (non-active guns are ignored). This is shown
as a blue circle. 
The centre of pressure is defined to be the array centre when each active gun position is
weighted by its contribution to the overall peak to peak pressure value. This is shown as a
red circle. 
The centre of energy is computed by weighting the coordinates by the self-energy of the
active gun at that position. In an interacting array this may be a long way from the centre of
pressure as some guns may absorb energy giving a negative self-energy. This is shown as a
black circle. 

Depending on how first breaks are calculated, these can be used for first break analysis. 

Dropped out guns are shown as orange rectangles whilst live guns are shown as green rectangles. 

Note that Gundalf by default uses the deepest gun to define time zero for the vertical far-field and it
uses the nearest gun to the observation point to define time zero if an observation point is specified.
This means that if one gun is accidentally run deep, this will cause the bulk of the signature to
appear to be delayed. It is still a matter of debate how an airgun array should be timed. There are
several candidates as defined above but it is not currently clear which if any is appropriate in
complex scenarios such as Ocean Bottom Deployment. Positions are shown as (x,y,z) colour-coded
accordingly. 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Geometric centre (m.) Centre of pressure (m.) Centre of energy (m.)
( 7.09, 0.00, 12.00) ( 6.69, 0.00, 12.00) ( 7.23, 0.00, 12.00) 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Array directivity 

The following tables show the inline and crossline directivity of the array. These are scaled as db.
relative to 1 microPa. per Hz. at 1m.The inline directivity is annotated to indicate the boat direction
and the crossline directivity is annotated with 'Port' to show the correct crossline orientation. 

Angle-frequency form 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Angle-amplitude form 

The following tables show the inline and crossline directivity of the array in (dip angle, amplitude)
form. The computed signature (or under option the amplitude spectrum) for each angle is shown in
colour varying form for each angle computed with a legend to indicate which is which. The vertical
scale indicates the type of plot, time or frequency. Both types of plot are individually scaled and
plotted with the same units as the corresponding plots in the Signature Characteristics section.
Inline directivity 
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Crossline directivity 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Array directivity 

The following tables show the azimuthal directivity (i.e. plan view) theta-phi plots, at four user-
specified frequencies. The dip, theta is the angle to the vertical so a value of zero corresponds to
vertically down, (the centre of the plot). The azimuthal angle phi is measured relative to the positive
x axis so the boat direction corresponds to a value of phi of 180 degrees as shown by the red arrow.
The plots are scaled as dB. relative to 1 muPa. per Hz. at 1m. 

Dip-azimuthal form 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Acoustic energy characteristics 

The following table lists the individual gun contributions to the acoustic energy field in joules. A
negative value means the gun is actually absorbing energy. This is very common in interacting
arrays. It does not however mean that the gun is damaging the array performance. Rather it is
acting as a catalyst to allow the other guns to perform more efficiently. The total acoustic energy
gives the true performance of the array as a whole. See Laws, Parkes and Hatton (1988) Energy-
interaction: The long-range interaction of seismic sources, Geophysical Prospecting (36), p333-348
and 38(1) 1990 p.104 for more details. Note that internal energy is not included in the data below.
The true acoustic efficiency of airgun arrays was typically less than 5 percent of the total initial
energy until gun clustering became common and the efficiency is now often above 25 percent. 

Overall acoustic energy contribution 

Total acoustic energy
output (j.) 

Acoustic energy
output due to energy-

interaction (j.) 

Total potential energy
available in array(j.) 

Percentage of total
potential energy

appearing as acoustic 
energy

647667.1 47120.9 1214591.0  53.3 

Individual acoustic energy contributions 

Volume (cuin) x (m.) y (m.) z (m.) Acoustic energy
contribution (j.)

235.0 0.00 -4.50 12.00 44383.4 
235.0 0.00 -3.50 12.00 44161.8 
290.0 3.00 -4.50 12.00 17064.4 
290.0 3.00 -3.50 12.00 13612.7 
290.0 6.00 -4.50 12.00 13933.4 
290.0 6.00 -3.50 12.00 10384.0 
235.0 9.00 -4.50 12.00 41152.9 
235.0 9.00 -3.50 12.00 40443.5 
195.0 12.00 -4.00 12.00 36746.6 
195.0 15.00 -4.50 12.00 31261.3 
195.0 15.00 -3.50 12.00 30655.8 
235.0 0.00 3.50 12.00 44080.8 
235.0 0.00 4.50 12.00 44468.5 
290.0 3.00 3.50 12.00 13471.8 
290.0 3.00 4.50 12.00 17225.5 
290.0 6.00 3.50 12.00 10244.2 
290.0 6.00 4.50 12.00 14097.9 
235.0 9.00 3.50 12.00 40357.0 
235.0 9.00 4.50 12.00 41248.0 
195.0 12.00 4.00 12.00 36752.2 
195.0 15.00 3.50 12.00 30588.7 
195.0 15.00 4.50 12.00 31332.4 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Signature 

This section shows the time signature and the amplitude spectrum of the modelled array. The bubble
period was determined automatically. The bubble start time was input as 0s. The computed positions
of the bubble peak and bubble trough are shown for QC purposes. If these do not match your visual
estimate of the bubble, for example, if the filter you are using delays the peak somewhat, try again
specifying your own bubble search start time, relative to time zero. The amplitude spectrum plot
comprises two separate displays. One curve shows the amplitude spectrum itself in units of dB.
relative to 1 microPa. per Hz. at 1m. The other curve (in red) follows the SEG guidelines and shows
the energy flux in dB. relative to 1 Joule/m^2/Hz. at 1m. 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Modelling Summary 

The following table lists the modelling parameters for the array quoted in various commonly used
units for convenience. 

General parameters ...
Sample interval (s.) 0.0005 

Modelling sample interval (s.) 0.0005 
Number of samples in signature 4000 

Duration of signature (s.)  2.000 
Observation point Infinite far-field 

Gun controller variation (s.) 0 
Pre-filter parameters ...

Anti-alias/instrument filtering Standard filter: 
ZXPLR_Hyd-0p5msec-0Hz_DC.flt

Post-modelling parameters ...
Band-pass filtering No band pass filter applied

Q filtering No Q filtering applied
Wiener filtering No Wiener filtering applied 
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Gundalf modelling report: 22:40:47, 2022-Jan-24
Version: C8.2p/2021-Oct-21; Epoch: 2021-Oct-21; fdiagon@slb.com

Filter Amplitude Spectrum 

No post-processing filtering was applied. 

Signature filtering policy 

For marine environmental noise reports, Gundalf performs no signature filtering other than that
inherent in modelling at a sample interval small enough to simulate an airgun array signature at
frequencies up to 50kHz, and any requested marine animal weighting functions. 

For all other kinds of reports, Gundalf performs filtering in this order:-

If a pre-conditioning filter is chosen, for example, an instrument response, it is applied at the
modelling sample interval.
If the output sample interval is larger than the modelling sample interval, Gundalf applies
appropriate anti-alias filtering. (This can be turned off in the event that anti-alias filtering is
included in the pre-conditioning filter, in which case Gundalf will issue a warning.)
Finally, Gundalf applies the chosen set of post-filters, Q, Wiener and band-pass filtering as
specified, at the output sample interval. If none are specified, (often known as unfiltered),
only the above anti-alias and/or pre-conditioning are applied. 

In reports, when filters are applied, they are applied to the notional sources first so that signatures,
directivity plots and spectra are all filtered consistently. The abbreviation muPa is used for
microPascal throughout. 

Finally note that modelled signatures always begin at time zero for reasons of causality. 
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Physical parameters 

The following table gives the values of the physical parameters used. The sea temperature, velocity
of sound in sea water, wavelet dominant frequency and average wave height were input parameters. 

The surface reflection coefficient was entered directly. 

The physical parameters used were:-
Sea temperature 

(deg.C) 

Velocity of sound
in water 
(m.sec-1) 

Wavelet 
dominant 
frequency

(Hz.) 

Average wave
height
(m.) 

Surface reflection 
coeff. 

10 1496 20 0 -1 
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Some notes on the modelling algorithm 

The Gundalf airgun modelling engine is the end-product of 20 years of state of the art research. It
takes full account of all air-gun interactions including interactions between sub-arrays. No
assumptions of linear superposition are made. This means that if you move sub-arrays closer
together, the far-field signature will change. The effect is noticeable even when sub-arrays are
separated by as much as 10m. The engine is capable of modelling airgun clusters right down to the
'super-foam' region where the bubbles themselves collide and distort. 

Calibration notes 

Airgun modelling programs like Gundalf must be calibrated against real data and no computational
model is any better than the quality of that calibration. Calibration datasets however are themselves
subject to experimental error so Gundalf is calibrated to best fit the various datasets which are used
across the extensive range of volumes, pressures and depths available. 

In practice, such experimental errors arise for a variety of reasons including 

Depth inaccuracies. These are usually around 3-5% even in the best facilities particularly if
there is sea surface movement. 
How frequently the gun is being cycled during measurement. This is rarely recorded but a
warmed up gun might be 50deg C warmer than the sea, changing its normal peak-to-peak
and other parameters by 5-10% compared with when it is first fired.
Filtering differences. Filtering is recorded but filtering errors are still more frequent than we
would like and analog filter v. digital filter differences are also sometimes a factor. 

As a guideline, typical individual errors across different measurement datasets for the best-
calibrated guns are of the order of 5% for peak to peak, 15% for primary to bubble and 2% for
bubble periods. 

Individual gun errors are calculated from the data shown in Help -> Calibration (which themselves
accumulate gun data from different sources) and the resulting array error bounds are calculated by
accumulating these errors for each gun in the array. The error bounds are calculated as 95% error
bounds and for simplicity assume that errors are non-correlated although in practice some are
systematic. The total error bound is always greater than any of the individual error bounds and is
strongly influenced by the largest gun contributions. 

The error bounds simply mean that it is very likely that the true values for these primary 
characteristics will be within the ranges shown, but it is not possible to be more precise. If other 
comparison data or models indicate values outside this range, this means that those data or models
are very likely to be incompatible with Gundalf's calibration data. This may be due to several causes
as described above. For more on calibration see Gundalf's calibration Help pages. 
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Mitigation Measures for Deep Penetration Surveys 
(Greater than 1,500 in3 total airgun array volume) 

The text below is nearly verbatim what appears in the Federal Register Notice of the Final Rule, but 
for clarity, we remove some text that was not necessary for an operator to understand and carry out the 
requirements. In several places we also consolidated related materials from different locations within the 
Final Rule into a single section in this document. 

1. General Conditions and PSO use (§217.184(a)(3-4); §217.185(a-b)) 

a. The acoustic source must be deactivated when not acquiring or preparing to acquire data, except 
for necessary testing; unnecessary use of the acoustic source must be avoided 

b. Notified operational capacity (i.e., total array volume) (not including redundant backup airguns) 
must not be exceeded during the survey, except where unavoidable for source testing and 
calibration purposes 

c. All occasions where activated source volume exceeds notified operational capacity must be 
communicated to the PSO(s) on duty and fully documented 

d. The lead PSO must be granted access to relevant instrumentation documenting acoustic source 
power and/or operational volume 

e. PSOs must be employed by a third-party observer provider, must have no tasks other than to 
conduct observational effort, collect data, and communicate with and instruct relevant vessel crew 
with regard to the presence protected species and mitigation requirements (including brief alerts 
regarding maritime hazards), and must be qualified pursuant § 217.185(a) (except as specified at 
§ 217.184(d)(2)(iii-iv)) 

f. Acoustic PSOs are required to complete specialized training for operating passive acoustic 
monitoring (PAM) systems and are encouraged to have familiarity with the vessel on which they 
will be working. 

g. PSOs may act as both acoustic and visual observers (but not simultaneously), so long as they 
demonstrate that their training and experience are sufficient to perform each task. 

h. At least one visual PSO and two acoustic PSOs (when required) aboard each acoustic source 
vessel must have a minimum of 90 days at-sea experience working in those roles, respectively, 
with no more than eighteen months elapsed since the conclusion of the at-sea experience (except 
as specified at § 217.184(d)(2)(iii)) 

i. One visual PSO with such experience must be designated as the lead for the entire PSO team. The 
lead must coordinate duty schedules and roles for the PSO team and serve as the primary point of 
contact for the vessel operator. 

i. Note that the responsibility of coordinating duty schedules and roles may instead be 
assigned to a shore-based, third party monitoring coordinator. 

j. To the maximum extent practicable, the lead PSO must devise the duty schedule such that 
experienced PSOs are on duty with those PSOs with appropriate training but who have not yet 
gained relevant experience. 
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2. PSO Qualification and Equipment Requirements (§217.185(a-b)) 

a. PSOs must successfully complete relevant, acceptable training including completion of all 
required coursework and passing (80% or greater) a written and/or oral examination developed 
for the training program 

b. PSOs must have successfully obtained a bachelor’s degree from an accredited college or 
university with a major in one of the natural sciences and a minimum of 30 semester hours or 
equivalent in the biological sciences, and at least one undergraduate course in math or statistics. 
The educational requirements may be waived if the PSO has acquired the relevant skills through 
alternate experience. Requests for such a waiver must be submitted to NMFS and shall include 
written justification. Requests will be granted or defined (with justification) by NMFS within one 
week of receipt of submitted information 

i. Secondary education and/or experience comparable to PSO duties; 
ii. Previous work experience conducting academic, commercial, or government-sponsored 

marine mammal surveys; or 
iii. Previous work experience as a PSO; the PSO should demonstrate a good standing and 

consistently good performance of PSO duties 
c. LOA-holders are required to provide PSOs with bigeye binoculars (e.g., 25 x 150; 2.7 view angle; 

individual ocular focus; height control) of appropriate quality solely for PSO use. These must be 
pedestal-mounted on the deck at the most appropriate vantage point that provides for optimal sea 
surface observation, PSO safety, and safe operation of the vessel 

d. For each vessel required to use a PAM system, provide a PAM system that has been verified and 
tested by an experienced acoustic PSO who will be using it during the trip for which monitoring 
is required 

e. Work with the selected third-party observer provider to ensure PSOs have all equipment 
(including backup equipment) needed to adequately perform necessary tasks, including accurate 
determination of distance and bearing to observed marine mammals. Such equipment at a 
minimum must include: 

i. Reticle binoculars (e.g., 7 x 50) of appropriate quality (at least one per PSO, plus 
backups) 

ii. Global Positioning Unit (GPS) (plus backup); 
iii. Digital camera with a telephoto lens (the camera or lens should also have an image 

stabilization system) that is at least 300 mm or equivalent on a full-frame single lens 
reflex (SLR) (plus backup) 

iv. Compass (plus backup) 
v. Radios for communication among vessel crew and PSOs (at least one per PSO, plus 

backups); and 
vi. Any other tools necessary to adequately perform necessary PSO tasks 

3. Visual Monitoring (§217.184(b)(2)) 

a. During survey operations (i.e., any day on which use of the acoustic source is planned to occur, 
and whenever the acoustic source is in the water, whether activated or not), a minimum of two 
PSOs must be on duty and conducting visual observations at all times during daylight hours (i.e., 
from 30 minutes prior to sunrise through 30 minutes following sunset). 
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b. Visual monitoring must begin not less than 30 mins prior to ramp-up and must continue until one 
hour after use of the acoustic source ceases or until 30 minutes past sunset. 

c. Visual PSOs shall coordinate to ensure 360 degrees visual coverage around the vessel from the 
most appropriate observation posts, and must conduct visual observations using binoculars and 
the naked eye while free from distractions and in a consistent, systematic, and diligent manner. 

d. Visual PSOs must immediately communicate all observations of marine mammals to the on-duty 
acoustic PSO, including any determination by the PSO regarding species identification, distance, 
and bearing and the degree of confidence in the determination. 

e. Any observation of marine mammals by crew members aboard any vessel associated with the 
survey must be relayed to the PSO team 

f. During good conditions (daylight hours; Beaufort Sea state (BSS) of 3 or less) visual PSOs must 
conduct observations when the acoustic source is not operating for comparison of sighting rates 
and behavior with and without use of the acoustic source and between acquisition periods, to the 
maximum extent practicable 

g. Visual PSOs may be on watch for a maximum of two consecutive hours followed by a break of at 
least one hour between watches and may conduct a maximum of 12 hours of observation per 24-
hour period. NMFS may grant an exception for LOA applications that demonstrate such a “two 
hours on/one hour off” duty cycle is not practicable, in which case visual PSOs will be subject to 
a maximum of four consecutive hours on watch followed by a break of at least two hours between 
watches. Combined observational duties (visual and acoustic but not at the same time) must not 
exceed 12 hours per 24-hour period for any individual PSO. 

4. Acoustic Monitoring: (§217.184(b)(3)) 

a. All surveys must use a towed passive acoustic monitoring (PAM) system at all times when 
operating in waters deeper than 100 m, which must be monitored by a minimum of one acoustic 
PSO beginning at least 30 mins prior to ramp-up and at all times during use of the acoustic 
source, and until one hour after use of the acoustic source ceases 

b. Acoustic PSOs must immediately communicate all detections of marine mammals to visual PSOs 
(when visual PSOs are on duty), including any determination by the PSO regarding species 
identification, distance, and bearing and the degree of confidence in the determination. 

c. Acoustic PSOs may be on watch for a maximum of four consecutive hours followed by a break of 
at least two hours between watches and may conduct a maximum of 12 hours of observation per 
24-hour period. Combined observational duties (visual and acoustic but not at the same time) 
must not exceed 12 hours per 24-hour period for any individual PSO. 

d. Survey activities may continue for 30 minutes when the PAM system malfunctions or is 
damaged, while the PAM operators diagnose the issue. If the diagnosis indicates that the PAM 
system must be repaired to solve the problem, operations may continue for an additional two 
hours without acoustic monitoring during daylight hours only under the following conditions: 

i. Sea state is less than or equal to BSS 4, 
ii. No marine mammals (excluding delphinids) detected solely by PAM in the applicable 

exclusion zone in the previous two hours, 
iii. NMFS is notified via email as soon as practicable with the time and location in which 

operations began without an active PAM system; and 
iv. Operations with an active acoustic source, but without an operating PAM system, do not 

exceed a cumulative total of four hours in any 24-hour period 
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5. Exclusion and Buffer Zones: (§217.184(b)(4)); (§217.184(b)(5)) 

a. These zones must be based upon radial distance from the edges of the air gun array (rather than 
being based on the center of the array or around the vessel itself) 

b. During use of the acoustic source (i.e., anytime the acoustic source is active, including ramp-up), 
occurrence of marine mammals within the relevant buffer zone (but outside the exclusion zone) 
should be communicated to the operator to prepare for the potential shutdown of the acoustic 
source 

c. Two exclusion zones are defined, depending on the species and context. A standard exclusion 
zone encompassing the area at and below the sea surface out to a radius of 500 meters from the 
edges of the airgun array (0-500 m) is defined. For special circumstances the exclusion zone 
encompasses an extended distance of 1,500 meters (0- 1,500 m) (defined at § 217.184(b)(6)(v)). 

d. During pre-start clearance monitoring (i.e., before ramp-up begins), the buffer zone acts as an 
extension of the exclusion zone in that observations of marine mammals within the buffer zone 
would also preclude airgun operations from beginning (i.e., ramp-up). For all marine mammals 
(except where superseded by the extended 1,500-m exclusion zone), the buffer zone encompasses 
the area at and below the sea surface from the edge of the 0-500 meter exclusion zone out to a 
radius of 1,000 meters from the edges of the airgun array (500-1,000 m). The buffer zone is not 
applicable when the exclusion zone is greater than 500 meters, i.e., the observational focal zone is 
not increased beyond 1,500 meters 

6. "Ramp-up: (§217.184(b)(5)) 

a. A 30-minute prestart clearance observation period must occur prior to the start of ramp-up 
b. The operator must notify a designated PSO of the planned start of ramp-up as agreed upon with 

the lead PSO; the notification time should be less than 60 mins prior to the planned ramp-up. 
c. Ramp-ups shall be scheduled as to minimize the time spent with source activated prior to 

reaching the designated run in. 
d. A designated PSO must be notified again immediately prior to initiating ramp-up procedures and 

the operator must receive confirmation from the PSO to proceed. 
e. Ramp-up must not be initiated if any marine mammal is within the applicable exclusion or buffer 

zone. 
f. If a marine mammal is observed within the exclusion zone or buffer zone during the 30-minute 

pre-start clearance period, ramp-up must not begin until the animal(s) has been observed exiting 
the zones or until an additional time period has elapsed with no further sighting (15 minutes for 
small delphinids and 30 minutes for all other species) 

g. Ramp-up must begin by activating a single airgun on the smallest volume in the array and shall 
continue in stages by doubling the number of active elements at the commencement of each stage 
with each stay of approximately the same duration 

h. Total duration must not be less than 20 minutes 
i. The operator must provide information to the PSO documenting appropriate procedures were 

followed 
j. Ramp-up must cease and the source shut down upon observation of marine mammals within the 

applicable exclusion zone. Once ramp-up has begun, observations of marine mammals within the 
buffer zone do not require shutdown. 
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k. Ramp-up may occur at times of poor visibility, including nighttime, if appropriate acoustic 
monitoring has occurred with no detections of a marine mammal other than delphinids in the 30 
minutes prior to beginning ramp-up. 

l. Acoustic source activation may only occur at night where operational planning cannot reasonably 
avoid such circumstances. 

m. If the acoustic source is shut down for brief periods (i.e., less than 30 minutes) for reasons other 
than implementation of prescribed mitigation (e.g., mechanical difficulty), it may be activated 
again without ramp-up if PSOs have maintained constant visual and/or acoustic observation and 
no visual or acoustic detections of any marine mammal have occurred within the applicable 
exclusion zone. For any longer shutdown, pre-start clearance observation and ramp-up are 
required. For any shutdown at night or in periods of poor visibility (e.g., BSS 4 or greater), ramp-
up is required, but if the shutdown period was brief and constant observation maintained, pre-start 
clearance watch is not required 

n. Testing of the acoustic source involving all elements requires ramp-up 
o. Testing limited to individual source elements or strings does not require ramp-up but does require 

the pre-start clearance observation period. 

7. Shutdowns (§217.184(b)(6)) 

a. Any PSO on duty has the authority to delay the start of survey operations or to call for shutdown 
of the acoustic source pursuant to the requirements of this subpart 

b. The operator must establish and maintain clear lines of communication directly between PSOs on 
duty and crew controlling the acoustic source to ensure that shutdown commands are conveyed 
swiftly while allowing PSOs to maintain watch 

c. When both visual and acoustic PSOs are on duty, all detections must be immediately 
communicated to the remainder of the on-duty PSO team for potential verification of visual 
observations by the acoustic PSO or of acoustic detections by visual PSOs 

d. When the airgun array is active (i.e., anytime one or more airguns is active, including during 
ramp-up) and (1) a marine mammal appears within or enters the applicable exclusion zone and/or 
(2) a marine mammal (excluding delphinids) is detected acoustically and localized within the 
applicable exclusion zone, the acoustic source must be shut down 

e. When shutdown is called for by a PSO, the acoustic source must be immediately deactivated, and 
any dispute resolved only following deactivation 

f. The extended 1,500-m exclusion zone must be applied upon detection (visual or acoustic) of a 
baleen whale, sperm whale, beaked whale, or Kogia spp. within the zone 

g. Shutdown requirements are waived for dolphins of the following genera: Tursiops, Stenella, 
Steno, and Lagenodelphis. If a delphinid is visually detected within the exclusion zone, no 
shutdown is required unless the PSO confirms the individual to be of a genus other than those 
listed above, in which case a shutdown is required. Acoustic detection of delphinids does not 
require shutdown. 

h. If there is uncertainty regarding identification or localization, PSOs may use best professional 
judgment in making the decision to call for a shutdown 

i. Upon implementation of the shutdown, the source may be reactivated after the marine mammal(s) 
has been observed exiting the applicable exclusion zone or following a 30-minuteclearance period 
with no further detection of the marine mammal(s) 
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8. Time-area Closure (§217.184(e)) 

a. From January 1 through May 31, no use of airguns may occur shoreward of the 20-m isobath and 
between 90-84º W. 

9. Entanglement Avoidance: (§217.184(f)) 

a. Use negatively buoyant coated wire-core tether cable. 
b. Retrieve all lines immediately following completion of the survey. 
c. Attach acoustic pingers directly to the coated tether cable; acoustic releases should not be used. 

10. Vessel Strike Avoidance (§217.184(g)) 

a. Vessel operators and crew must maintain a vigilant watch for all marine mammals and slow down 
or stop their vessel or alter course, as appropriate regardless of vessel size, to avoid striking any 
marine mammal. 

b. A visual observer aboard the vessel must monitor a vessel strike avoidance zone around the 
vessel, which shall be defined according to the parameters stated in their subsection. 

c. Visual observers monitoring the vessel strike avoidance zone may be third party observers (i.e., 
PSOs) or crew members, but crew members responsible for these duties must be provided 
sufficient training to distinguish marine mammals from other phenomena and broadly identify a 
marine mammal as a baleen whale, sperm whale or other marine mammal. 

d. Vessel speeds must be reduced to 10 knots or less when mother/calf pairs, pods, or large 
assemblages of cetaceans are observed near a vessel. 

e. All vessels must maintain a minimum separation distance of 500 meters from baleen whales. 
f. All vessels must maintain a minimum of 100 meters from sperm whales. 
g. All vessels must, to the maximum extent practicable, attempt to maintain a minimum separation 

distance of 50 meters from all other marine mammals, with an exception made for those animals 
that approach the vessel; and 

h. When marine mammals are sighted while a vessel is underway, the vessel must take action as 
necessary to avoid violating the relevant separation distance, e.g., attempt to remain parallel to the 
animal’s course, avoid excessive speed or abrupt changes in direction until the animal has left the 
area. 

i. If marine mammals are sighted within the relevant separation distance, the vessel must reduce 
speed and shift the engine to neutral, not engaging the engines until animals are clear of the area. 
This does not apply to any vessel towing gear or any vessel that is navigationally constrained. 

j. These requirements do not apply in any case where compliance would create an imminent and 
serious threat to a person or vessel or to the extent that a vessel is restricted in its ability to 
maneuver and, because of the restriction, cannot comply. 

11. Reporting: (§217.185(d) 

a. Annual reporting must be submitted as specified in this paragraph: 

i. LOA-holders must submit a summary report to NMFS on all activities and monitoring 
results within 90 days of the completion of the survey or expiration of the LOA, 
whichever comes sooner, and must include all information described above under 
(§217.185 (c). If an issued LOA is valid for greater than one year, the summary report must be 
submitted on an annual basis 
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ii. The report must describe activities conducted and sightings of marine mammals, must 
provide full documentation of methods, results, and interpretation pertaining to all 
monitoring, and must summarize the dates and locations of survey operations and all 
marine mammal sightings (dates, times, locations, activities associated survey 
activities, and information regarding locations where the acoustic source was used.). In 
addition to the report, all raw observational data must be made available to NMFS 

iii. For operations requiring the use of PAM, the report must include a validation document 
concerning the use of PAM, which should include necessary noise validation diagrams 
and demonstrate whether background noise levels on the PAM deployment limited 
achievement of the planned detection goals. Copies of any vessel self-noise assessment 
reports must be included with the report 

iv. The LOA-holder must provide geo-referenced time-stamped vessel tracklines for all 
time periods in which airguns (full array or single) were operating. Tracklines must 
include points recording any change in airgun status (e.g., when the airguns began 
operating, when they were turned off). GIS files must be provided in ESRI shapefile 
format and include the UTC date and time, latitude in decimal degrees, and longitude in 
decimal degrees. All coordinates must be referenced to the WGS84 geographic 
coordinate system 

v. The draft report must be accompanied by a certification from the lead PSO as to the 
accuracy of the report, and the lead PSO may submit directly to NMFS a statement 
concerning implementation and effectiveness of the required mitigation and monitoring 

vi. A final report must be submitted within 30 days following resolution of any comments 
on the draft report. 

b. Comprehensive reporting must be submitted as specified in this paragraph 

i. LOA- holders must contribute to the compilation and analysis of data for inclusion in 
an annual synthesis report addressing all data collected and reported through annual 
reporting in each calendar year. The synthesis period shall include all annual reports 
deemed to be final by NMFS in a given one-year reporting period. The report must be 
submitted to NMFS within 90 days following the end of a given one-year reporting 
period. 

12. Reporting of Dead or Injured Animals: (§217.185(e)) 

a. In the event that personnel involved in the survey activities discover an injured or dead marine 
mammal, the LOA-holder must report the incident to the Office of Protected Resources (OPR), 
NMFS and to the Southeast Regional Stranding Network as soon as feasible. The report must 
include the following information: 

i. Time, date, and location (latitidue/longitude) of the first discovery (and updated 
location information if known and applicable) 

ii. Species identification (if known) or description of the animal(s) involved; 

iii. Condition of the animal(s) (including carcass condition if the animal is dead); 

iv. Observed behaviors of the animal(s), if alive; 

v. If available, photographs or video footage of the animal(s); and 
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vi. General circumstances under which the animal was discovered. 

b. In the event of a ship strike of a marine mammal by any vessel involved in the survey activities, 
the LOA-holder must report the incident to OPR, NMFS and to the Southeast Regional Stranding 
Network as soon as feasible. The report must include the following information: 

i. Time, date, and location (latitude/longitude) of the incident; 

ii. Species identification (if known) or description of the animal(s) involved; 

iii. Vessel’s speed during and leading up to the incident; 

iv. Vessel’s course/heading and what operations were being conducted (if applicable); 

v. Status of all sound sources in use; 

vi. Description of avoidance measures/requirements that were in place at the time of the 
strike and what additional measures were taken, if any, to avoid strike; 

vii. Environmental conditions (e.g., wind speed and direction, Beaufort sea state, cloud 
cover, visibility) immediately preceding the strike; 

viii. Estimated size and length of animal that was struck; 

ix. Description of the behavior of the marine mammal immediately preceding and 
following the strike; 

x. If available, description of the presence and behavior of any other marine mammals 
immediately preceding the strike; 

xi. Estimated fate of the animal (e.g., dead, injured but alive, injured and moving, blood or 
tissue observed in the water, status unknown, disappeared); and 

xii. To the extent practicable, photographs or video footage of the animal(s). 

c. For deep penetration surveys, in the event of a live stranding (or near-shore atypical milling) 
event within 50 km of the survey operations, where the NMFS stranding network is engaged in 
herding or other interventions to return animals to the water, the Director of OPR, NMFS (or 
designee) will advise the LOA-holder of the need to implement shutdown procedures for all 
active acoustic sources operating within 50 km of the stranding. Shutdown procedures for live 
stranding or milling marine mammals include the following: 

i. If at any time, the marine mammal(s) die or are euthanized, or if herding/intervention 
efforts are stopped, the Director of OPR, NMFS (or designee) will advise the LOA-
holder that the shutdown around the animals’ location is no longer needed. 

ii. Otherwise, shutdown procedures will remain in effect until the Director of OPR, NMFS 
(or designee) determines and advises the LOA-holder that all live animals involved 
have left the area (either of their own volition or following an intervention). 

iii. If further observations of the marine mammals indicate the potential for re-stranding, 
additional coordination with the LOA-holder will be required to determine what 
measures are necessary to minimize that likelihood (e.g., extending the shutdown or 
moving operations farther away) and to implement those measures as appropriate. 

d. If NMFS determines that the circumstances of any marine mammal stranding found in the 
vicinity of the activity suggest investigation of the association with survey activities is warranted, 
and an investigation into the stranding is being pursued, NMFS will submit a written request to 
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the LOA-holder indicating that the following initial available information must be provided as 
soon as possible, but no later than 7 business days after the request for information. In the event 
that the investigation is still inconclusive, the investigation of the association of the survey 
activities is still warranted, and the investigation is still being pursued, NMFS may provide 
additional information requests, in writing, regarding the nature and location of survey operations 
prior to the time period above. 

i. Status of all sound source use in the 48 hours preceding the estimated time of stranding 
and within 50 km of the discovery/notification of the stranding by NMFS; and 

ii. If available, description of the behavior of any marine mammal(s) observed preceding 
(i.e., within 48 hours and 50 km) and immediately after the discovery of the stranding. 

13. General Mitigation Required During All G&G Activities: 

a. Vessel Strike Avoidance (NTL 2016-BOEM-G01) 
b. Marine Trash and Debris (NTL 2015-BSEE-G03) 
c. Biologically Sensitive Underwater Features/Areas (NTL 2009-BOEM-G39) 
d. Deepwater Benthic Communities (NTL 2009-BIEM-G40) 
e. Archaeological Resource Surveys (NTL 2005-G07) 
f. Military Warning and Water Test Areas (NTL 2014-G04) 
g. Revisions to the List of OCS Leas Blocks Requiring Archaeological Resource Surveys (NTL 

2011-JOINT-G01) 
h. Shallow Hazards Program (Section VI.B of NTL 2008-G05) 
i. Ancillary Activities (NTL 2009-G34) 
j. Guidance for Activities in or Near NMS (NMSs 15 CFR 9.22 Subpart L) 
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