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APPENDIX F MILITARY EXPENDED MATERIALS, DIRECT STRIKE, 
AND VESSEL STRIKE SUPPORTING INFORMATION 

F.1 Statistical and Probability Calculations for Estimating Direct Strike Effect and Number 
of Potential Exposures from Military Expended Material 

This section discusses the methods and results for calculating the probability of a direct strike of a 
marine animal from any military items resulting from the proposed training and testing activities falling 
toward (or directed at) the sea surface. For the purposes of this section, military items include non-
explosive practice munitions, sonobuoys, acoustic countermeasures, targets, and high-energy lasers. 
Only marine mammals and sea turtles are analyzed using these methods because animal densities are 
necessary to complete the calculations, and density estimates are currently only available for marine 
mammals and sea turtles within the Northwest Training and Testing (NWTT) Study Area (Study Area). 
The calculations conducted here do not account for explosive munitions because impacts from 
explosives are analyzed within the Navy Acoustic Effects Model as described in the report, Quantifying 
Acoustic Impacts on Marine Mammals and Sea Turtles: Methods and Analytical Approach for Phase IV 
Training and Testing (U.S. Department of the Navy, 2024). Table F-1 provides a list of symbols used in 
the equations located in this appendix. 

The calculations are expected to provide an overestimation of the probability of a strike for the 
following reasons: (1) they calculate the probability of a single military item (of all the items expended 
over the course of the year) hitting a single animal at its species’ highest seasonal density; (2) they do 
not take into account the possibility that an animal may avoid military activities; (3) they do not take 
into account the possibility that an animal may not be at the water surface; (4) they do not take into 
account that most projectiles fired during training and testing activities are fired at targets, and so only a 
very small portion of those projectiles that miss the target would hit the water with their maximum 
velocity and force; and (5) they do not quantitatively take into account the Navy and USCG avoiding 
animals that are sighted through the implementation of mitigation measures. 

Table F-1: A List of Symbols and Their Brief Descriptions as They Are Used in the Calculations 

Symbol Explanation 
AS Area of an individual marine animal 
LS Length of an individual marine animal 

WS Width of an individual marine animal 
NS Number of individual animals within a single marine species 
DS Density of animals within a single marine species 

ATotS The total footprint area of a single marine species 
ARC The area of a single testing/training range 
Lmun The length of an individual piece of military expended material 

Wmun The width of an individual piece of military expended material 
Amun The area of an individual piece of military expended material 
Nmun The total number of military expended materials used of a single type (e.g., non-explosive bomb) 

AI The total area of military expended materials used of a single type (e.g., non-explosive bomb) 
ATotI The area of impact for all types of military expended materials; the impact footprint 
ABZ The area of the buffer zone around the impact footprint 

AFinal 
The total area of concern, including the buffer zone (ABZ), the impact footprint (ATotI), and the total 
animal footprint of a single marine species (ATotS) 

RTotS The total footprint radius of a single marine species 
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Symbol Explanation 
RTotI The total footprint radius of the impact footprint for all types of military expended materials 
RBZ The buffer zone radius of the impact footprint for all types of military expended materials 

P The probability of impacting a marine animal through a military expended material direct exposure 
impact 

T Total number of possible surface animal exposures associated with a direct impact from military 
expended materials 

 

F.1.1 Direct Impact Calculations 

A probability was calculated to estimate the impact probability (P) and number of exposures (T) 
associated with direct impact of military items on marine animals and sea turtles on the sea surface 
within the specified training or testing area (ARC) in which the activities are occurring. The statistical 
probability calculations are based on probability theory with “footprint” areas for marine animals and 
total impact inscribed inside the training or testing area. The calculations are over-predictive and 
conservative, in that they assume (1) that all animals would be at or near the surface 100 percent of the 
time, when in fact, marine mammals spend the majority of their time underwater (e.g., Fonseca et al., 
2022; Hochscheid, 2014; Irvine et al., 2017; Lagerquist et al., 2000; Mate et al., 1995); and (2) that the 
animals are stationary, which does not account for any movement or any potential avoidance of the 
training or testing activity area. There is some research that suggests marine mammals avoid areas 
where there is sonar activity but not areas where there is just vessel traffic noise; so, avoidance behavior 
in marine mammals is situationally dependent (for review see (Ellison et al., 2012)). For sea turtles, 
research has demonstrated changes in behavior of sea turtles in response to anthropogenic sounds 
(O'Hara & Wilcox, 1990; Samuel et al., 2005), but more research is needed to determine if they portray 
avoidance behavior to any form of anthropogenic activity. 

There are three types of areas incorporated into the analyses: species area (AS), total impact footprint 
area (ATotI), and the buffer zone of the impact area (ABZ). For each calculation, a basic area is assessed 
using either the area calculation for a rectangle (A = length * width) or a circle (A = π R2, where R is the 
radius of a circle). These area calculations were used in four different scenarios that make assumptions 
about the type of interaction between the marine animal and the military expended materials. For the 
initial three scenarios, all areas are calculated using the rectangular method. For the fourth scenario, all 
areas are calculated using the circular method. 

• Scenario 1: Purely static, rectangular scenario. Impact is assumed to be static (i.e., direct impact 
effects only; non-dynamic; no explosions or scattering of military items after the initial impact) 
with a military expended material directly hitting a marine animal. This scenario assumes the 
marine animal is fully inside the impact area when contact with the military expended material 
is made. 

• Scenario 2: Dynamic scenario with end-on collision. It is assumed that the military expended 
material is moving through the water, in the same direction as the length of the impact zone, for 
a distance of six times the initial length of the impact area. The concept here is that the military 
expended material has forward momentum along the length of the impact area and can make 
contact with the marine animal at any point inside of this new impact footprint area. 

• Scenario 3: Dynamic scenario with broadside collision. It is assumed that the military expended 
material is moving through the water, in the same direction as the width of the impact zone, for 
a distance of six times the initial width of the impact area. The concept here is that the military 
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expended material has forward momentum along the width of the impact area and can make 
contact with the marine animal at any point inside of this new impact footprint area.  

• Scenario 4: Purely static, radial scenario, in which the rectangular animal, buffer zone, and 
impact footprints are replaced with circular footprints. Basically, the assumption is that the 
animal and the military expended materials are moving in circular patterns, rather than straight 
paths. This scenario assumes the marine animal is fully inside the impact area when contact with 
the military expended material is made. 

Static impacts (Scenarios 1 and 4) assume no additional aerial coverage effects of scattered military 
items beyond the initial impact. For dynamic impacts (Scenarios 2 and 3), the distance of any scattered 
military items must be considered by increasing the length (Scenario 2) or width (Scenario 3), depending 
on orientation (broadside versus end-on collision), of the impact footprint to account for the forward 
horizontal momentum of the falling object. Forward momentum typically accounts for six times the 
impact area’s length or width. Significantly different values may result from the static and dynamic 
orientation scenarios. Both types of collision conditions can be calculated each with 50 percent 
likelihood (i.e., equal weighting between Scenarios 2 and 3, to average these potentially different 
values). 

The method of area (AS, ATotI, and ABZ) calculation varies slightly with each scenario. First, the basic 
concepts behind the area calculations are addressed below.  

• The individual animal area (AS) was calculated by multiplying the length and the width of the 
animal (AS = LS * WS), where width was 20 percent of the length for marine mammals and 84% of 
the length for sea turtles. Then, the species density and the range complex (ARC) size were 
incorporated to produce the species total area (ATotS). AS was multiplied by the number of 
animals (NS) in the specified training or testing area, where NS was the product of the highest 
average month animal density (DS) and the area of the range complex (ATotS = AS * NS = AS * DS * 
ARC). As a conservative scenario, the total animal footprint area was calculated for the species 
with the highest average monthly density in the training or testing area with the highest use of 
military items within the Study Area. For the remainder of the calculations ATotS was used to 
represent the presence of the species within the area. 

• To assess the impact footprint area (AI) for a single type of munition used in the range complex, 
the area of the munition (Amun) was calculated by multiplying the length and width of the 
munition (Amun = Lmun * Wmun). Then, Amun was multiplied by the total number of that munition 
type used in a year (Nmun). Thus, AI =Nmun * Amun is the impact footprint for a single type of 
munition in a single range complex over a year. 

• The AI for each munition type used in the range complex was then summed across all munition 
types to get a total impact footprint (ATotI) for a year within a single range complex. As a 
conservative scenario, the total impact footprint area was calculated for the training or testing 
area with the highest use of military items within the Study Area. This total impact footprint 
area was then converted back into the length-width assessment, with the ratio of the impact 
area mirroring the animal 𝑊𝑊𝑆𝑆

𝐿𝐿𝑆𝑆
= 𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
. 

• In addition to the impact footprint and the species footprint, a buffer zone around the impact 
area footprint was included in the calculations. The purpose of this buffer zone was to be overly 
protective of the species to ensure that any species just outside of the impact area were also 
included in the calculations. The buffer zone was simply calculated by taking half of the area of 
the total impact footprint (ABZ = ATotI * 0.5) for the rectangular scenarios. For the circular 
scenarios, an additional buffer zone radius (RBZ) was calculated.  
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These calculations were then fed into the final calculation area (AFinal) for the three rectangular scenarios 
(Scenarios 1-3). So, AFinal1 = ABZ1 + ATotI1 + ATotS, where 1 designates Scenario 1. The same concept was 
applied for Scenarios 2 and 3, except the LTotI for Scenario 2 was multiplied by 6 and the WTotI for 
Scenario 3 was multiplied by 6, which influence both ATotI and ABZ for each of the scenarios. In each case, 
the buffer zone could also be calculated by simple subtraction ABZ = AFinal – ATotI – AS, for each respective 
scenario. For Scenario 4, the radial scenario, the area calculation was based on a circle. 𝐴𝐴𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹4 =  𝜋𝜋 ∗
(𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 +  𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 +  𝑅𝑅𝐵𝐵𝐵𝐵)2. To calculate the buffer zone from the final area, the following equation could 

also be used: 𝐴𝐴𝐵𝐵𝐵𝐵4 =  �(𝐴𝐴𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹4
𝜋𝜋

) −  𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 −  𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇. 

Impact probability (P) is the probability of impacting one animal at its species peak density, with the 
given number, type, and dimensions of all military items used in training or testing activities occurring in 
the area per year. Therefore, P is the ratio of the final area for each scenario, which includes the species 
area, the impact footprint, and the buffer zone of the impact footprint, and the range complex area 
(𝑃𝑃 =  𝐴𝐴𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝐴𝐴𝑅𝑅𝑅𝑅
, where AFinal is based on the value calculated in each scenario). The total number of possible 

exposures (T) within a given year is a product of the species density, the area of the range complex, and 
the impact probability (𝑇𝑇 =  (𝐷𝐷𝑆𝑆 ∗ 𝐴𝐴𝑅𝑅𝑅𝑅)*P). Using this procedure, P and T were calculated for each of 
the four scenarios, for the Endangered Species Act (ESA)-listed marine mammals and the non-ESA 
marine mammal and ESA-listed sea turtle species with the highest average month density (used as the 
annual density value) and for each military item type. The scenario-specific P and T values were 
averaged over the four scenarios (using equal weighting) to obtain a single scenario, averaged-annual 
estimate of P and T. 

F.1.2 Parameters for Calculations

Impact probabilities (P) and number of exposures (T) were estimated by the calculations for the 
following parameters:  

• Two action alternatives: Alternative 1 and Alternative 2. Animal densities, animal dimensions,
and military item dimensions are the same for the two action alternatives.

• The following types of non-explosive munitions or other items:
o Small-caliber projectiles: up to and including 0.50 caliber rounds
o Medium-caliber projectiles: larger than 0.50 caliber rounds but smaller than

57 millimeters (mm) projectiles
o Large-caliber projectiles: includes projectiles greater than or equal to a 57 mm

projectile
o Missiles: includes rockets and jet-propelled munitions
o Bombs: Non-explosive practice bombs and mine shapes, ranging from 10 to

2,000 pounds
o Torpedoes: includes all lightweight torpedoes
o Sonobuoys: includes all sonobuoys
o Targets: includes expended airborne and surface, as well as mine shapes
o Lightweight torpedo accessories: includes all accessories that are dropped along with

the torpedo (e.g., nose cap, air stabilizer)
o High-energy lasers: includes high-energy laser weapons that are directed at a surface

target
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o Expended bathythermographs: small sensor deployed from ships 

• Animal species of interest: The species of ESA-listed marine mammals expected in the Study 
Area and the non-ESA listed marine mammal with the highest average month density in the 
Study Area.  

F.1.3 Output Data 

Estimates of impact probability (P) and number of exposures (T) for a given species of interest were 
made for the specified training or testing area with the highest annual number of military items used for 
each of the two action alternatives. The calculations derived P and T from the highest annual number of 
military items used in the Study Area for the given alternative. Differences in P and T between the 
alternatives arise from different numbers of events (and therefore military items) for the two 
alternatives. 

Results for marine mammals and sea turtles are presented in Table F-2 through Table F-5. 

Table F-2: Estimated Representative Marine Mammal Exposures from Direct Strike of a High-
Energy Laser by Area and Alternative in a Single Year 

Study Area Proposed Action (Alternative 1) 

Species Training Testing 

North Pacific right whale n/a 0.000000 

Blue whale n/a 0.000008 

Fin whale n/a 0.000457 

Gray whale n/a 0.000038 

Humpback whale n/a 0.001164 

Sei whale n/a 0.000003 

Killer whale n/a 0.000002 

Sperm whale n/a 0.000101 

Harbor porpoise n/a 0.234659 

Steller sea lion n/a 0.000705 

Guadalupe fur seal n/a 0.004124 

Table F-3: Estimated Representative Sea Turtle Exposures from Direct Strike of a High-Energy 
Laser by Area and Alternative in a Single Year 

Study Area Proposed Action (Alternative 1) 

Species Training Testing 

Leatherback sea turtle n/a 0.000001 
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Table F-4: Estimated Representative Marine Mammal Exposures from Direct Strike of Military 
Expended Material by Area and Alternative in a Single Year 

Study Area Proposed Action (Alternative 1) 

Species Training Testing 

North Pacific right whale 0.000000 0.000000 

Blue whale 0.000012 0.000009 

Fin whale 0.000509 0.000473 

Gray whale 0.001298 0.001204 

Humpback whale 0.011354 0.010970 

Sei whale 0.000006 0.000004 

Killer whale 0.000006 0.000003 

Sperm whale 0.000126 0.000108 

Harbor porpoise 0.254438 0.240847 

Steller sea lion 0.001035 0.000790 

Guadalupe fur seal 0.005381 0.004465 

Table F-5: Estimated Representative Sea Turtle Exposures from Direct Strike of Military 
Expended Materials by Area and Alternative in a Single Year 

Study Area Proposed Action (Alternative 1) 

Species Training Testing 

Leatherback sea turtle 0.000012 0.000003 

F.2 Navy and Coast Guard Vessel Strike of Large Whale Species 

Vessel strike to marine mammals is not associated with any specific training or testing activity but rather 
an inadvertent, limited, sporadic, and incidental result of Navy and USCG vessel movement within the 
Study Area. A detailed discussion of NWTT strike data and probability calculations used to justify the 
NWTT strike request are presented here. The Navy and USCG do not anticipate vessel strikes to result in 
a significant population threat to marine mammal populations within the Study Area. This assessment is 
based on the probabilities presented in the strike calculations, the cumulative low history of Navy vessel 
strikes from 2009 to 2023, establishment and updates to the Navy’s Marine Species Awareness Training, 
and adaptation of additional mitigation measures since 2018. However, the Navy and USCG are electing 
to request takes from vessel strikes in the Study Area as a cautionary acknowledgment that some 
probability of vessel strike could occur over a seven-year authorization. Because past incidents often 
lacked specific species identification, the Navy and USCG cannot reliably predict which species may be 
involved in future vessel strikes. Therefore, the Navy and USCG are seeking take authorization by vessel 
strike for a combination of the marine mammal stocks occurring in the Study Area. 

F.2.1 Summary of Navy Vessel Strike Request 

Based on the probabilities of vessel strikes determined by past strike data and anticipated future 
training and testing at-sea steaming days, the Navy requests authorization for take by injury or mortality 
of no more than one large whale of any of the following combined stocks resulting from vessel strike 
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incidental to the Navy training and testing activities combined within the Study Area over the course of 
the seven years of the NWTT regulations.  

This strike request would include up to one strike for blue whales (Eastern North Pacific Stock), fin 
whales (California/Oregon/Washington Stock), gray whales (Eastern Pacific Stock), humpback whales 
(Mainland Mexico-California-Oregon-Washington Stock), humpback whales (Central North Pacific stock), 
and sperm whales (Hawaii stock). 

F.2.2 Summary of U.S. Coast Guard Vessel Strike Request 

Based on the probabilities of vessel strikes determined by past strike data and anticipated future 
training and testing at-sea steaming days, the USCG requests authorization for take by injury or 
mortality of no more than three large whales of any of the following combined stocks, resulting from 
vessel strike incidental to the USCG training activities within the Study Area over the course of the seven 
years of the NWTT regulations. 

This strike request would include up to one strike for blue whales (Eastern North Pacific Stock), up to 
two strikes for fin whales (California/Oregon/Washington Stock), up to two strikes for gray whales 
(Eastern Pacific Stock), up to two strikes for humpback whales (Mainland Mexico-California-Oregon-
Washington Stock), and up to two strikes for humpback whales (Central North Pacific stock). 

F.2.3 Probability of Vessel Strike of Large Whale Species 

The projected military vessel use has not significantly changed over time and is not projected to 
significantly change under the Proposed Action. Integration of the Navy’s Marine Species Awareness 
Training began in 2007 and was fully integrated across the Navy by 2009, resulting in a decrease in strike 
incidents Navy wide. These factors and adaptation of additional mitigation measures since 2009 make 
vessel strike data collected since 2009 the most appropriate for calculating the probability of future 
strikes. While neither the Navy nor USCG anticipate vessel strikes to marine mammals during training 
and testing activities conducted within the Study Area, data on vessel strikes that have occurred in the 
Study Area between 2009 and 2023 were used to determine a statistical probability of future military 
vessel strike as a rate parameter of a Poisson distribution.  

P(nǀµ) is the probability of observing n events in some time interval, where the expected number of 
events in that time interval is µ. For this calculation, µ is the 2009–2026 strike rate calculated by 
analyzing the number of reported vessels strikes and the number of Navy and USCG vessel steaming 
days in the Offshore Area (the only part of the Study Area where data are available). 

From 2009 through 2023, the Navy averaged 62 steaming days per year in the Offshore Area; however, 
over that time the number of steaming days declined steadily through 2020. From 2009 through 2015 
the Navy averaged 94 steaming days, and from 2016 through 2023, the Navy averaged just 34 steaming 
days. The decommissioning of the Perry-class frigates homeported in the Pacific Northwest likely 
contributed to the decline, and reduced vessel use during the COVID-19 pandemic was a factor in the 
low number of annual steaming days from 2020 to 2022, with just 12 steaming days recorded in 2022. 
The 42 steaming days recorded in 2023 were the highest total since 2016. To estimate the probability of 
Navy vessel strike, the average number of steaming days per year from 2009 through 2023 (62) was 
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used as the annual total for 2024–2026 and as the annual total for 2027–2034, the time period over 
with authorization is requested. 

From 2009 through 2023, the USCG averaged 46 steaming days per year in the Offshore Area. Generally, 
the number of steaming days remained relatively consistent over that time, with an average of 48 days 
from 2009 through 2015 and 43 days from 2016 through 2023; the latter range included a low of just 
8 days in 2022 during the COVID-19 pandemic. To estimate the probability of USCG vessel strike, the 
average number of steaming days per year from 2009 through 2026 (46) was used as the annual total 
for 2024–2026 and as the annual total for 2027–2034, the time period over with authorization is 
requested.  

One Navy vessel strike in the Offshore Area was reported in 2012, and four USCG vessel strikes, three in 
the Offshore Area and one in the Strait of Juan de Fuca, were reported. All three strikes in the Offshore 
Area occurred off the Oregon coast, two in 2012 and the third in 2023, and the strike in the Strait of 
Juan de Fuca occurred in 2016.  

Dividing the number of vessels strikes by the total number of steaming days from 2009 to 2026 resulted 
in an estimated strike rate (µ), for Navy and USCG of: 

µ = 1 strike/1,110 Navy steaming days = 0.000901 strikes per day 

µ = 4 strikes/822 USCG steaming days = 0.004866 strikes per day 

Using the strike rate and the projected number of steaming days from 2027 to 2034, the Poisson 
distribution can estimate a projected strike rate over the seven-year duration of the permit. The total 
number of steaming days for Navy vessels is projected to be 432 (i.e., 62 x 7 = 432) and for USCG vessels 
the number of steaming days is projected to be 320 (i.e., 45.7 x 7). Over the seven-year projected strike 
rates for Navy and USCG are calculated as: 

µ = 432 Navy steaming days x 0.000901 = 0.3889 strikes over 7-years 

µ = 320 USCG steaming days x 0.004866 = 1.5556 strikes over 7-years 

The probabilities of n strikes occurring where n = 0 (no strikes), 1 strike, 2 strikes, 3 strikes, etc. from 
2027 to 2034 were calculated for the Navy (Table F-6) and the USCG (Table F-7) using the projected 
seven-year strike rates. 
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Table F-6: Probability of Navy Vessels Striking “n” Whales Over a 7-year Period in the NWTT 
Offshore Area 

Number of Potential Navy 
Vessel Strikes  

(n) 

Probability of 
Strike = n 

(%) 

Probability of 
Strike > n 

(%) 
No strikes  68 32 

1 strike  26 6 

2 strikes 5 <1 

3 strikes <1 N/A 
Note: Percentages are rounded to the nearest whole value. 
> = greater than, < = less than, % = percent, n = number of strikes 

Table F-7: Probability of USCG Vessels Striking “n” Whales over a 7-year Period in the NWTT 
Offshore Area 

Number of Potential USCG 
Vessel Strikes  

(n) 

Probability of 
Strike = n 

(%) 

Probability of 
Strike > n 

(%) 
No strikes  21 79 

1 strike  33 46 

2 strikes 26 21 

3 strikes 13 7 
Note: Percentages are rounded to the nearest whole value. 
> = greater than, < = less than, % = percent, n = number of strikes 

During previous consultations, the Navy and NMFS agreed that a probability of n strikes greater than (>) 
10 percent was the appropriate threshold for determining that a vessel strike was “reasonably certain to 
occur” and would be used to estimate take requests from vessel strike under the MMPA. To calculate 
the probability that n strikes would be greater than 10 percent, NMFS and the Navy and USCG agreed to 
use an online Poisson distribution calculator (Stat Trek, 2026) to calculate these probabilities. 

As shown in Table F-6, there is a 32 percent probability that a Navy vessel will strike more than zero 
whales and a 6 percent probability that a Navy vessel will strike one whale between 2027 and 2034. 
Since the probability of striking more than zero whales is greater than 10 percent, and the probability of 
striking more than one whale is less than 10 percent, the Navy is requesting one take of a large whale by 
vessel strike. As shown in Table F-7, the probability that USCG vessels will strike more than two large 
whales is 21 percent and more than three whales is 7 percent. Therefore, the USCG is requesting three 
takes of large whales by vessel strike. 

Under the Proposed Action, no appreciable changes in the frequency and manner in which the Navy and 
USCG have operated vessels in the Study Area would occur, and activities using vessels would remain 
consistent with the range of variability observed over the last decade. Therefore, the Navy and USCG do 
not anticipate a change in the risk of vessel strike over the NWTT regulations period of 2027–2034. 
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