
o Level B calculations make generous assumptions about the likelihood of response and 
assume all exposures that exceed threshold are biologically significant, over-estimated 
biological consequence by at least 1,000 to more than 100,000 times.

o No allowance for reduced Level A due to behavioral avoidance of the source (reductions 
of Level A up to 85%).

o No allowance for hearing recovery between pulses (likely reduction of cumulative SEL 
from a continuous pulse train of 50% or more); no allowance for hearing recovery 
between passes separated by hours or days (fewer than 1% of successive passes, those 
within 8 hours or less, will accumulate and trigger Level A criteria).

o Four additional contributors to precautionary over-estimation were not analyzed, 
including application of weighting functions to impulse SPL metrics.

• Mitigation
o No reduction in take was allocated for mitigation. While setting a specific value for 

mitigation may be difficult, it clearly is not zero and therefore some reduction of takes 
due to mitigation should be factored into the model.

o Reductions from multiple proposed mitigations were not estimated.
■ Vessel separation and dolphin shutdowns modeled, with questionable 

effectiveness
■ Increased time/area closures and 10-25% effort reductions were not estimated.

• Total Multiplicative Precautions (short list)
o [Source+Propagation (90-120x)] x [abundance (2x)] x [conservative threshold criteria 

(100-10,000x)]x [no recovery factor (10-100x)] x [no allowance for aversion (6.7 x Level 
A)] x [no mitigation (1.1 2x)] =

o 1.3 million to 3.2 billion more takes than the number that would be produced by 
using average or most likely values for all variables.

RECOMMENDATION

Re-calculate takes using average or most-likely values, quantify and report the overall level of 
uncertainty in the modeling results, and add an agreeable level of precaution to the final results, not the 
individual elements.

• Maybe double is reasonable?
• A statistical measure of extreme confidence like 3 sigma still covers 99.7% of all possible 

outcomes (370 times the central value) and is not nearly so unreasonable as the present model
• It seems unlikely that 1 million to 3 billion times the most likely outcome, which covers 

99.9999% or more of all possible outcomes, is a reasonable level of ‘precaution’.

PRECAUTIONARY ASSUMPTIONS

The Sound Source.

As discussed above, BOEM treats all geophysical surveys as if they were all conducted with the largest 
arrays in use. The nominal value of 8000 cubic inches is an approximation of the maximum array size 
currently used in the Gulf, typically 7900 to 8500 cubic inches. Based on a quick survey of IAGC 
members over the past decade, a little less than one third of all surveys use arrays of that size. The 
other two-thirds of surveys in the GOM use arrays that range in size from 6000-2000 cubic inches, for a 
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mean array size of 5600 cubic inches. Since the different sizes are not distributed normally around that 
mean value (i.e. not a smooth bell shaped distribution), some other value of central tendency, like the 
median (5100 cubic inches) might be deemed a more appropriate central value. But in any case, using 
8000 cubic inch sources for all modeled surveys greatly overestimates actual use.

The source level of a compressed air array increases as the cube root of its volume, all else being equal, 
so a difference of 8000 and 5600 cubic inches might seem trivial. But we have seen that it is not trivial 
in terms of the outcome of concern; the number of animals exposed, because of the resulting expansion 
of the acoustic ‘footprint’ of the array and the number of animals likely to be found within that 
footprint.

Furthermore, the modeled array is not only extreme in the total volume modeled, but also in the 
number of elements within the array. A typical large array of 8000 cubic inches might include 48 
elements and sometimes as many as 60, but the BOEM DPEIS used 72 elements. Why is this important? 
Because array source level may only increase trivially with total volume, but it is directly proportional to 
the number of elements. An array with 72 elements has double the amplitude of an array of 36 
elements; volume and air pressure being equal.

Therefore the combination of using an array at the extreme upper end of normally used array sizes, 
coupled with a number of elements in that array which also greatly exceeds the average, can by itself 
produce estimates of takes that are 1.5 to over 2 times as large as would be predicted by using the 
normal range of array sizes and numbers of elements actually in use. Based on this variable alone one 
would be justified in taking the final model predictions and halving them. But there are many more 
conservative assumptions in the model.

Also potentially capable of altering the model outcome, but not addressed in this quick analysis, are:

• The number of source vessels. When multiple source vessels are used they are used at intervals 
that are similar to a single source. The total acoustic energy is therefore not increased over 
using a single source operated at the same inter-pulse intervals, but the total area ensonified is 
slightly increased, depending on the spatial separation of the vessels. This may be compensated 
by the fact that each vessel is only producing sound every 60 seconds instead of every 15 
seconds for a single source vessel). In the BOEM DPEIS, the maximum number of source vessels, 
four, is used for all surveys that might use multiple sources, even though many of those surveys, 
such as NAZ, WAZ and coil surveys, might more often use only one or two sources, and rarely 
use as many as four source vessels.

• Longitudinal tracks were only used during modeling on the slope region of the Gulf, which has 
the potential to alter sound fields and estimated takes relative to using both lateral and 
longitudinal tracks typical of most surveys.

• The choice of depth at which the array was towed was set at 8 meters, but other tow depths are 
common (6 meters is considered the default ‘standard’) and the choice of tow depth affects the 
frequency structure and propagation of the resulting sound field.

• The choice of pulse intervals typically varies from 10 to 20 seconds, with the DPEIS selection of 
15 seconds being fairly typical. A four source survey would result in each source operating at 60 
second intervals.
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