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APPENDIX E Estimated Marine Mammal and Sea Turtle
Impacts from Exposure to Acoustic and Explosive
Stressors Under Navy Training and Testing Activities

Navy training and testing activities would result in the incidental takes of marine mammals and sea
turtles within the Study Area. This appendix provides the estimated number of marine mammal and sea
turtle impacts. Specifically, estimated impacts are derived from the quantitative analysis for activities
under Alternatives 1 and 2 that involve the use of acoustic or explosive stressors. The quantitative
analysis takes into account Navy activities, marine species density layers, acoustic modeling, and other
environmental parameters. A detailed explanation of the quantitative analysis is provided in the
technical report Quantifying Acoustic Impacts on Marine Mammals and Sea Turtles: Methods and
Analytical Approach for Phase Il Training and Testing (U.S. Department of the Navy, 2018). It is
important to note that impacts, as discussed in this appendix, represent the estimated instances of take
of marine mammals or sea turtles, not necessarily the number of individuals impacted (i.e., some marine
mammals or sea turtles could be impacted several times, while others would not experience any
impact). In addition, across training and testing activities, the seven-year total impacts in each table may
be slightly more or less than seven times the maximum impact in any year.

E.1 ESTIMATED MARINE MAMMAL IMPACTS FROM SONAR AND OTHER TRANSDUCERS UNDER
NAVY TRAINING AND TESTING ACTIVITIES

Table E-1 provides a summary of the estimated number of marine mammal impacts from exposure to
sonar and other transducers used during Navy training and testing activities under Alternatives 1 and 2
over the course of one year.
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Table E-1: Estimated Marine Mammals Impacts per Year from Sonar Training and Testing Activities

Alternative 1 — Minimum Alternative 1 — Maximum Alternative 2 — Maximum
Species ; ; ;

Behavioral Ts PTS Behavioral Ts PTS Behavioral Ts PTS

Response Response Response
Mysticetes
Blue whale* 4 19 0 4 19 0 4 20 0
Bryde’s whale 33 236 0 33 236 0 36 256 0
Fin whale* 4 18 0 4 18 0 5 20 0
Humpback 46 387 0 46 387 0 51 419 0
whale
Minke whale 8 78 0 8 78 0 84 0
Omura’s whale 3 23 0 23 0 25 0
Sei whale* 15 125 0 15 125 0 17 135 0
Odontocetes
Blainville’s 1,554 26 0 1,557 26 0 1,691 27 0
beaked whale
Cuvier's beaked 599 4 0 600 4 0 642 4 0
whale
Ginkgo-toothed 3,366 63 0 3,373 63 0 3,659 65 0
beaked whale
Longman’s 5,473 103 0 5,483 103 0 5,958 106 0
beaked whale
Bottlenose 104 21 0 104 21 0 116 21 0
dolphin
Dwarf sperm 1,180 6,428 28 1,186 6,434 28 1,289 7,046 29
whale
Pygmy sperm 463 2,593 11 465 2,595 11 508 2,840 11
whale
False killer whale 571 117 0 573 117 0 641 121 0
Fraser’s dolphin 10,123 1,896 0 10,150 1,896 0 11,322 1,947 0

E-2

Appendix E Navy Estimated Impacts



Mariana Islands Training and Testing Supplemental
Final Supplemental EIS/OEIS June 2020

Table E-1: Estimated Marine Mammals Impacts per Year from Sonar Training and Testing Activities (continued)

Alternative 1 — Minimum Alternative 1 — Maximum Alternative 2 — Maximum
Species ; 7 ;

Behavioral Ts PTS Behavioral Ts PTS Behavioral Ts PTS

Response Response Response
Killer whale 32 7 0 32 7 0 36 8 0
Melon-headed 2,058 488 0 2,064 488 0 2,305 508 0
whale
Pantropical 10,733 2,717 0 10,764 2,717 0 12,074 2,815 0
spotted dolphin
Pygmy killer 77 16 0 78 16 0 87 17 0
whale
Risso’s dolphin 2,359 504 0 2,365 505 0 2,649 519 0
Rough-toothed 145 35 0 146 35 0 161 36 0
dolphin
short-finned pilot 873 172 0 876 172 0 986 176 0
whale
Sperm whale* 184 11 0 184 11 0 192 11 0
Spinner dolphin 1,040 223 0 1,042 223 0 1,185 228 0
Striped dolphin 2,891 723 0 2,899 723 0 3,255 750 0

* ESA-listed species within the MITT Study Area
Notes: PTS = permanent threshold shift, TTS = temporary threshold shift
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E.2 ESTIMATED MARINE MAMMAL IMPACTS PER SEVEN-YEAR PERIOD FROM SONAR AND
OTHER TRANSDUCERS UNDER NAVY TRAINING AND TESTING ACTIVITIES

Table E-2 provides a summary of the estimated number of marine mammal impacts from exposure to
sonar and other transducers used during Navy training and testing activities under Alternatives 1 and 2
over the course of seven years.

Table E-2: Estimated Marine Mammals Impacts per Seven-Year Period from Sonar Training
and Testing Activities

Alternative 1 — 7-Year Alternative 2 — 7-Year

e ’i:ehs ‘;‘;’;: Z’ TTS PTS ’i:ehs ‘;‘;'z:z’ TTS PTS
Mysticetes
Blue whale* 26 103 0 29 140 0
Bryde’s whale 226 1,338 0 253 1,792 0
Fin whale* 30 100 0 34 139 0
Humpback whale* 318 2,199 0 357 2,933 0
Minke whale 56 453 0 63 590 0
Omura’s whale 21 130 0 23 172 0
Sei whale* 105 708 0 119 947 0
Odontocetes
Blainville’s beaked whale 10,117 118 0 11,844 189 0
Cuvier’s beaked whale 3,923 19 0 4,498 31 0
VGV'E:IgeO'tmthed beaked 21,937 282 0 25,626 454 0
Longman’s beaked whale 35,630 477 0 41,731 743 0
Bottlenose dolphin 674 92 0 811 150 0
Dwarf sperm whale 8,275 37,761 127 9,029 49,298 204
Pygmy sperm whale 3,247 15,230 50 3,560 19,868 79
False killer whale 3,700 531 0 4,487 844 0
Fraser’s dolphin 64,859 8,401 0 79,242 13,627 0
Killer whale 209 32 0 255 54 0
Melon-headed whale 13,364 2,179 0 16,127 3,552 0
Pantropical spotted dolphin 69,701 12,367 0 84,487 19,707 0
Pygmy killer whale 499 71 0 609 117 0
Risso’s dolphin 15,223 2,288 0 18,536 3,630 0
Rough-toothed dolphin 943 162 0 1,127 252 0
Short-finned pilot whale 5,639 792 0 6,901 1,235 0
Sperm whale* 1,087 47 0 1,344 76 0
Spinner dolphin 6,747 970 0 8,292 1,598 0
Striped dolphin 18,723 3,257 0 22,776 5,250 0

* ESA-listed species within the MITT Study Area
Notes: PTS = permanent threshold shift, TTS = temporary threshold shift
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E.3 ESTIMATED MARINE MAMMAL IMPACTS FROM EXPLOSIVES UNDER NAVY TRAINING AND TESTING ACTIVITIES

Table E-3 provides a summary of the estimated number of marine mammal impacts from exposure to explosives used during Navy training and
testing activities under Alternatives 1 and 2 over the course of one year.

Table E-3: Estimated Marine Mammals Impacts per Year from Explosive Training and Testing Activities

G Alternative 1 — Minimum Alternative 1 — Maximum Alternative 2 — Maximum
pecies ; - -

Behavioral Ts PTS T Behavioral Ts PTS T Behavioral Ts PTS T

Response Response Response
Mysticetes
Blue whale* 0 0 0 0 0 0 0 0
Bryde’s whale 3 1 0 0 2 0 0 2 0 0
Fin whale* 0 0 0 0 0 0 0 0 0 0 0
Humpback 5 3 0 0 6 3 0 0 6 3 0 0
whale*
Minke whale 1 1 0 0 1 0 0 1 1 0 0
Omura’s whale 0 0 0 0 0 0 0 0 0
Sei whale* 1 1 0 0 2 1 0 0 1 0 0
Odontocetes
Blainville’s
beaked whale 0 0 0 0 0 0 0 0 0 0 0 0
Cuvier’s beaked 0 0 0 0 0 0 0 0 0 0 0 0
whale
Ginkgo-toothed
beaked whale 0 1 0 0 0 1 0 0 1 1 0 0
Longman’s
beaked whale 1 1 0 0 1 1 0 0 1 1 0 0
Bottlenose 0 0 0 0 0 0 0 0 0 0 0 0
dolphin
Dwarf sperm 57 89 17 0 58 92 18 0 64 100 21 0
whale
Pygmy sperm 23 32 7 0 23 33 8 0 25 37 8 0
whale

E-5
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Table E-3: Estimated Marine Mammals Impacts per Year from Explosive Training and Testing Activities (continued)

Speci Alternative 1 — Minimum Alternative 1 — Maximum Alternative 2 — Maximum
pecies : : :
Behavioral Ts PTS T Behavioral Ts PTS T Behavioral Ts PTS T
Response Response Response
False killer whale 0 0 0 0 0 0 0 0 0 0 0
Fraser’s dolphin 4 4 1 4 4 1 0 4 1 0
Killer whale 0 0 0 0 0 0 0 0 0 0 0
Melon-headed 1 1 0 0 1 1 0 0 1 1 0 0
whale
Pantropical ' 4 2 1 0 4 2 1 0 4 3 1 0
spotted dolphin
Pygmy killer 0 0 0 0 0 0 0 0 0 0 0 0
whale
Risso’s dolphin 1 1 0 0 1 1 0 0 1 1 0 0
Rough-toothed 0 0 0 0 0 0 0 0 0 0 0 0
dolphin
Short-finned pilot 0 0 0 0 0 0 0 0 1 0 0 0
whale
Sperm whale* 0 0 0 0 0 0 0 0 0
Spinner dolphin 0 1 0 0 1 0 1 0
Striped dolphin 1 1 0 1 1 1 1 0 0

* ESA-listed species within the MITT Study Area
Notes: PTS = permanent threshold shift, TTS = temporary threshold shift
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E.4 ESTIMATED MARINE MAMMAL IMPACTS PER SEVEN-YEAR PERIOD FROM EXPLOSIVES UNDER NAVY TRAINING AND TESTING
ACTIVITIES

Table E-4 provides a summary of the estimated number of marine mammal impacts from exposure to explosives used during Navy training and
testing activities under Alternatives 1 and 2 over the course of seven years.

Table E-4: Estimated Marine Mammals Impacts per Seven-Year Period from Explosive Training and Testing Activities

Alternative 1 — 7-Year Alternative 2 — 7-Year
Species Behavioral Behavioral
P enaviora TTS PTS Injury enaviora TTS PTS Injury
Response Response
Mysticetes
Blue whale* 0 0 0 0 0 0 0 0
Bryde’s whale 21 11 0 0 22 11 0 0
Fin whale* 0 0 0 0 0 0 0 0
Humpback whale* 38 19 0 0 38 20 0 0
Minke whale 0 0 0 0
Omura’s whale 0 0 0 0 0 0
Sei whale* 11 0 0 12 0 0
Odontocetes
Blainville’s beaked 0 0 0 0 0 0 0 0
whale
Cuvier’s beaked 0 0 0 0 0 0 0 0
whale
Ginkgo-toothed
beaked whale 0 4 0 0 4 4 0 0
Longman’s beaked 5 7 0 0 5 3 0 0
whale
Bottlenose dolphin 0 0 0 0 0 0 0 0
Dwarf sperm whale 403 635 125 0 446 686 137 0
Pygmy sperm whale 160 231 52 0 175 250 57 0
False killer whale 0 0 0 0 0 0
Fraser’s dolphin 28 30 7 0 29 33 8 0
E-7
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Table E-4: Estimated Marine Mammals Impacts per Seven-Year Period from Explosive Training and Testing Activities (continued)

Alternative 1 - 7-Year Alternative 2 — 7-Year
Species Behavioral Behavioral
P enaviora TTS PTS | Injury enaviora TTS PTS Injury
Response Response
Melon-headed 3 4 0 0 3 4 0 0
whale
Killer whale 0 0 0 0 0 0 0 0
Pantrt?plcal spotted )8 17 6 0 30 18 7 0
dolphin
Pygmy killer whale 0 0 0 0
Risso’s dolphin 0 0 0
Rough-toothed 0 0 0 0 0 0 0 0
dolphin
Short-finned pilot 0 0 0 0 4 0 0 0
whale
Sperm whale* 0 0 0
Spinner dolphin 0 0 4
Striped dolphin 5 0 0 6 0 0

* ESA-listed species within the MITT Study Area
Notes: PTS = permanent threshold shift, TTS = temporary threshold shift
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E.5 ESTIMATED SEA TURTLE IMPACTS FROM SONAR AND OTHER TRANSDUCERS UNDER
NAVY TRAINING AND TESTING ACTIVITIES

Based on the quantitative analysis, no sea turtle impacts are anticipated from exposure to sonar and
other transducers used during Navy training and testing activities under Alternatives 1 and 2 over the
course of one year or seven years.

E.6 ESTIMATED SEA TURTLE IMPACTS FROM EXPLOSIVES UNDER NAVY TRAINING AND
TESTING ACTIVITIES

Table E-5 provides a summary of the estimated number of sea turtle impacts from exposure to
explosives used during Navy training and testing activities under Alternatives 1 and 2 over the course of
one year.

Table E-5: Estimated Sea Turtle Impacts per Year from Explosive Training and Testing Activities

Alternative 1 — Minimum Alternative 1 — Maximum Alternative 2 — Maximum

Species
TTS PTS Injury TTS PTS Injury TTS PTS Injury

Explosive Training and Testing Activities

Family Cheloniidae (hardshell turtles)

Green turtle* 6 3 0 6 3 0 6 3 0
Hawksbill turtle* 0 0 0 0 0 0 0 0 0
Loggerhead turtle* 0 0 0 0 0 0 0 0 0
Family Dermochelyidae (scuteless turtles)

Leatherbackturtle* | o | o | o | o | o | o | o | o | o

* ESA-listed species within the MITT Study Area
Notes: PTS = permanent threshold shift, TTS = temporary threshold shift
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E.7 ESTIMATED SEA TURTLE IMPACTS PER SEVEN-YEAR PERIOD FROM EXPLOSIVES UNDER
NAVY TRAINING AND TESTING ACTIVITIES

Table E-6 provides a summary of the estimated number of sea turtle impacts from exposure to
explosives used during Navy training and testing activities under Alternatives 1 and 2 per
seven-year period.

Table E-6: Estimated Sea Turtle Impacts per Seven-Year Period from Explosive Training and
Testing Activities

Alternative 1 - 7-Year Alternative 2 — 7-Year

Species
TS PTS Injury TS PTS Injury

Explosive Training and Testing Activities
Family Cheloniidae (hardshell turtles)

Green turtle* 40 20 0 40 20

Hawksbill turtle* 0 0 0 0 0

Loggerhead turtle* 0 0 0 0 0 0
Family Dermochelyidae (scuteless turtles)

Leatherback turtle* | 0 | 0 ‘ 0 0 0 0

* ESA-listed species within the MITT Study Area
Notes: PTS = permanent threshold shift, TTS = temporary threshold shift

E-10
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Appendix F  Training and Testing Activities Matrices

This appendix contains three matrices. The first two matrices (Table F-1 and Table F-2) in this appendix
list the training and testing activities that occur in the Mariana Islands Training and Testing Study Area
and their associated stressors. The third matrix (Table F-3) lists the resources analyzed in this
Supplemental Environmental Impact Statement/Overseas Environmental Impact Statement and the
stressors they are potentially affected by.
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Table F-1: Stressors by Training Activity
Biological Resources Physical Resources Human Resources?
Ail Cultural
, . , , , Entanglement Ingestion r , Sediments and Water urtara Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Quality . Resource
Stressors Stressors Quality Stressors Stressors Safety Stressors
Stressor Stressors
& 1 1 S N
: o = 9 3 3 3 % %
Mariana Islands g & | S 8 ol § 0 5 5 & &
o o o o S Q S Q -~ — - -~
Training Activity 3 Wl 8|8 8| & s S | o 2 s sg £ pr o | "
< 2 [ (<] © < S S & S ) S Q Q <
g s | 5 |§ S| 8| 5| 3 8§ | 8 S 3 3= £ - s 8| § | S
= M g 2 S | S 9 3 3 3 | 5 s S 3 S sl 3 “ 2 5| 2 2 g
5 o | & | S| 8| E |8 S| 5| | s| &£ 8|32 g S S 3| 3 3 5| 3| 5| §| ° S
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5 3 S Q = S ~ S Y W ] S 3 S S S S, “n 2 5 5 S 'S a = g » 3 {5 a S 9 (3] ~ S
a S S = S I | =S| < @ S = = | 2 3 ) o Q £ | &9 S 2 S g = g Y S g 2 < 2
s| & & ¢8| ¥ | 2| ¥ |23 2| & £ S| 85| 8|8 | s 8 =3 |S§§ ¥ $| & &) S| 8| 2| 8| 2| 2|3 %] 2
] S < 2 £ £ £ | £q| £ S < S 8 | @ S s s Q SS |SS S o) S S S ] x < < I kS £ [
Legend = Decrease in number of events = Increase in number of events
from 2015 Final MITT EIS/OEIS from 2015 Final MITT EIS/OEIS
Major Training Exercises
Joint Expeditionary Exercise v v v v v v v v v v v v v v v v v v v v v v v v v v v v
Joint Multi-Strike Group Exercise v v v v v v v v v v v v v v v v v v v v v v v v v v v
(decrease for Alt 1 only)
Air Warfare (AW)
Air Combat Maneuver (ACM) v v v
Air Defense Exercise (ADEX) 4 4 v 4 v v
Air Intercept Control (AIC) v v
Gunnery Exercise (Air-to-Air)
Medium-Caliber v v v v v v v v v v v v v
GUNEX A-A
Gunnery !Exerase (Surface-to-Air) v v v v v v v v v v v v v v v v v v v
Large-Caliber GUNEX S-A
Gunnery Exercise (Surface-to-Air)
Medium-Caliber v v v v v v v v v v v v v v v v v
GUNEX S-A
Missile Exercise (Air-to-Air) v v v v v v v v v v v v v v v v v v v v
MISSILEX A-A
Missile Exercise (Surface-to-Air) v v v v v v v v v v v v v v v v v v v
MISSILEX S-A
Amphibious Warfare (AW)
Amphlblous Rehearsal, No v v v v v v v
Landing
Marine Air Ground Task Force v iviliviv|iv|v|v]v vlv|v v v v v viviliviviiviviviv|iv]iv|v]|v
Exercise (Amphibious) — Battalion
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Table F-1: Stressors by Training Activity (continued)
Biological Resources Physical Resources Human Resources?
Ail Cultural
, . , , , Entanglement Ingestion r , Sediments and Water urtara Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Quality . Resource
Stressors Stressors Quality Stressors Stressors Safety Stressors
Stressor Stressors
b 1 1 S N
0 S n N ‘=
Mariana Islands g 2|8 §| o | ¥ . T T s s
o o o o S I () S Q -~ ™ — - -~ o o3
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Amphibious Warfare (AW) (continued)
Amphibious Assault v v v
Ampbhibious Raid v v v v v v v
Hur.nanltarlan. Assistance/Disaster v v v v v v v v v v
Relief Operations
Naval Surface Fire Support
Exercise — Land-based target v v v v v 4 4 v 4
(Land) (increase Alt 2 only)
Noncombatant Evacuation v v v v v v v v v v v v
Operation
Special Purpose Marine Air vilivI]iv]|v]|v v | v | v v v v v | v | v viviviv]|iv|iv|v|v
Ground Task Force Exercise
Unmanned Aerial Vehicle —
Intelligence, Surveillance, and v v v v v v v v
Reconnaissance
Anti-Submarine Warfare (ASW)
Torpedo Exercise (TORPEX) —
Helicopter v v v v v v v v v v v v v v v v v v v v v
(increase Alt 2 only)
Torpedo Exercise (TORPEX) —
Maritime Patrol Aircraft v v v v v v v v v v v v v v v v v v v v
(increase Alt 2 only)
Torpedc-> Exercise (TORPEX) — v v v v v v v v v v v
Submarine
Torpedo Exercise (TORPEX) — v v v v v v v v v v v v v v v v
Surface
TraFklng Exercise (TRACKEX) — v v v v v v v v v v v v v v v v v v v
Helicopter
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Table F-1: Stressors by Training Activity (continued)
Biological Resources Physical Resources Human Resources?
Ail Cultural
, . , , , Entanglement Ingestion r , Sediments and Water urtara Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Quality . Resource
Stressors Stressors Quality Stressors Stressors Safety Stressors
Stressor Stressors
b 1 1 S N
8 - @ @ 2 L
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Anti-Submarine Warfare (ASW) (continued)
Trac.kl-ng Exercise (TRACKEX) - v v v v v v v v v v v v v v v v v v v
Maritime Patrol Aircraft
Tracklng Exercise (TRACKEX)— v v v v v v v v v v
Submarine
'Srra:c:klng Exercise (TRACKEX) — v v v v v v v v v v v v v v
urface
Small Joint Coordinated ASW v | v | v v v v | v v v v | v | v v | v | v vivi ivi v iv|iv|v
Exercise (Multi-Sail/GUAMEX)
Electronic Warfare (EW)
Counter Targeting Chaff Exercise v v v v v v v v
— Aircraft
Counter Targeting Chaff Exercise v v v v v v v v
— Ship
ic':)u ntfetr Targeting Flare Exercise — v v v v v v v v v v
ircra
Electronic Warfare Operations v v v v v v v v v v
Expeditionary Warfare
Parachute Insertion v v v v v v v v v
Personnel Insertion/Extraction v v v v v v
Mine Warfare (MIW)
Civilian Port Defense v v v v v v v v v v v v v v v v v v v v v v v v v v v v
:mtpet Mine Neutralization v v v v v v v v v v v v v
ystem
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Table F-1: Stressors by Training Activity (continued)
Biological Resources Physical Resources Human Resources?
Ail Cultural
, . , , , Entanglement Ingestion r , Sediments and Water urtara Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Quality . Resource
Stressors Stressors Stressor Quality Stressors Stressors Stressors Safety Stressors
b I 1 i <
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Mine Warfare (MIW) (continued)
Mine Neutralization — Remotely
Operated Vehicle Sonar (ASQ-235 | v/ v v v v v v v v v v v v v v v v v v v v v v
[AQS-20], SLQ-48)
Mine Countermeasure Exercise —
Surface Ship Sonar (5QQ-32, v v v v v v v v v
MCM)
I\/I!ne Countelfme.asure —Towed v v v v v v v v v v v v v v v
Mine Neutralization
Airborne !\/Ime Coun'termeasure - v v v v v v v v v v v v v v
Towed Mine Detection
Mine Countermeasure Exercise — v v v v v v v v v v v v v v v
Towed Sonar (AQS-20, LCS)
Mine Laying v v v v v v v v v v v v
gmge Ne“tg‘j‘"zat"’l” ~ Explosive v | v v vlv | v | v v v v vivi v iviviv|iv|iv]|v]|yv v
rdnance Disposa
Submarine Mine Exercise v v v
Surface Ship Object Detection v v v v v v v v
Underwater Demolition v | v v | v viv | iv|v vl v | vi]v |iviviviv]|iv]|iv|v]|v v
Qualification/Certification
Strike Warfare (STW)
Bombing Exercise (Air-to-Ground) v v v v
Gunnery Exercise (Air-to-Ground) v v v v v v
Missile Exercise (MISSILEX) v v v v v v v
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Table F-1: Stressors by Training Activity (continued)
Biological Resources Physical Resources Human Resources?
Ail Cultural
, . , , , Entanglement Ingestion r , Sediments and Water urtara Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Quality . Resource
Stressors Stressors Stressor Quality Stressors Stressors Stressors Safety Stressors
b I 1 i <
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Surface Warfare (SUW)
Bombing Exercise (Air-to-Surface) v v v v v v v v v v v v v v v
Gunnery Exercise (Air-to-Surface) v v v v v v v v v v v v v v v v v v v v
— Medium-Caliber
Gunnery Exercise (Air-to-Surface) v v v v v v v v v v v v v v v
— Small-Caliber
Gunnery Exercise (Surface-to-
Surface) Boat — Small- and v v v v v v v v v v v v v v v v v
Medium-Caliber
Gunnery Exercise (Surface-to- v v v v v v v v v v v v v v v v v v v
Surface) Ship — Large-Caliber
Gunnery Exercise (Surface-to-
Surface) Ship — Small- and v v v v v v v v v v v v v v v v v v v v
Medium-Caliber
Laser Targeting (at sea) v v v v v v
Maritime Security Operations v v v v v v v v
Missile Exercise (Air-to-Surface) v v v v v v v v v v v v v v v v v v v v v v v
MISSILEX
Missile Exercise (Air-to-Surface) v v v v v v v v v v v v v v v v v v v v v v v v
Rocket
Missile Exercise (Surface-to- v v v v v v v v v v v v v v v v v v v v v v
Surface)
Sinking Exercise v v v v v v v v v v v v v v v v v v v v v v v v v
Other Training Activities
Direct Action (Tactical Air Control v v v v v
Party)
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Table F-1: Stressors by Training Activity (continued)
Biological Resources Physical Resources Human Resources?
. Air . Cultural , , .
, . , , , Entanglement Ingestion , Sediments and Water Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Quality . Resource
Stressors Stressors Quality Stressors Stressors Safety Stressors
Stressor Stressors
b I 1 i <
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Other Training Activities (continued)
Intelllgen-ce, Surveillance, v v v v v v v v v v v
Reconnaissance
Precision Anchoring v v v v v v
Search and Rescue at Sea v v v v v v v v v
Small Boat Attack
; v v v v v v v v v v v v
(increase for Alt 2 only)
Submarine Navigation v v v v
Submarine Sonar Maintenance v v v v
Surface Ship Sonar Maintenance v v v v v v
Underwater Survey v v v v v v
Unmann'ele Ae':rlal Vehicle Training v v v v v v
and Certification
_LrJnr-’n:?\nned Underwater Vehicle v v v v v v v v v v v v
raining

1 Other Materials include marine markers and flares, chaff, towed and stationary targets, and miscellaneous components of other expended objects
2 Area of interest is U.S. Territorial Waters (seaward of the mean high water line to 12 nautical miles and any inshore waters)

3Vibration and shock waves from underwater explosions
4Physical disturbance and strike stressors resulting from in-water devices, military expended materials, seafloor devices, pile driving, and vibration from sonic booms in U.S. territorial waters (seaward of the mean high water line to 12 nautical miles).

5> Availability of access on the ocean and in the air

6Loud noises from weapons firing, in-air explosions, and sonic booms

7 Active sonar, underwater explosions, air guns, vessel movements, mine warfare training devices, and unmanned underwater systems

8Sources of electromagnetic energy and lasers
%Interaction of Navy or Marine Corps aircraft, vessels, and equipment with general public
Note: A check indicates training and/or testing event that trigger the stressor as it applies to the specific resource.

Legend

= Decrease in number of events
from 2015 Final MITT EIS/OEIS

= Increase in number of events
from 2015 Final MITT EIS/OEIS
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Table F-2: Stressors by Testing Activity
Biological Resources Physical Resources Human Resources?
Ail Cultural
, . , . , Entanglement , r . Sediments and Water urtara Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Ingestion Stressors | Quality . Resource
Stressors Quality Stressors Stressors Safety Stressors
Stressor Stressors
& 1 1 S N
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Mariana Islands S 3 |8 g = " = = S S
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Legend = Decrease in number of events = Increase in number of events
from 2015 Final MITT EIS/OEIS from 2015 Final MITT EIS/OEIS
NAVAL AIR SYSTEMS COMMAND
Anti-Submarine Warfare (ASW)
?nt’l—Subma rine Warfare Torpedo v v v v v v v v v v v v v v v v v v v v
es
Anti-Submarine Warfare Tracking
Test — Maritime Patrol Aircraft v v v v v v v v v v v v v v v v v v v v v v v v
(Sonobuoys)
Electronic Warfare (EW)
Intelligence, Surveillance,
Reconnaissance ISR/EW
Electr'onlc Warfare Testing v v v v v
(previously named Broad Area
Maritime Surveillance Testing —
MQ-4C)
Surface Warfare (SUW)
Air-to-Surface Missile Test v v v v v v v v v v v v v v v v v v v v
NAVAL SEA SYSTEMS COMMAND
Anti-Submarine Warfare (ASW)
Antl—Submarl'ne Warfare Mission v v v v v v v v v v v v v v v v v v v v v
Package Testing
At-Sea Sonar Testing v v v v v v v v v v v v v v
Torpedo (Explosive) Testing v v v v v v v v v v v v v v v v v v v v v v v v v
Torpedo (Non-explosive) Testing v v v v v v v v v v v v v v v v v v v v v
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Table F-2: Stressors by Testing Activity (continued)
Biological Resources Physical Resources Human Resources?
Air . Cultural , , .
, . , . , Entanglement , . Sediments and Water Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Ingestion Stressors | Quality . Resource
Stressors Quality Stressors Stressors Safety Stressors
Stressor Stressors
b I I i <
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Electronic Warfare (EW)
Radar and Other System Testing v v v v v v v v v v v v v v v v v
Mine Warfare (MIW)
AT I RIS v | v | v v | v | v v | v | v | v v 7 7 v v | v |v|v vi|iv | v |v|v|v
Neutralization Testing
Surface Warfare
Kinetic Energy Weapon Testing v v v v v v v v v v v v v v v v v v
Vessel Evaluation
Undersea Warfare Testing v v v v v v v v v v v v v v v v v v v v
Other Testing Activities
Simulant Testing v v v v v v v v v v v v
OFFICE OF NAVAL RESEARCH
Acoustic and Oceanographic v v v v v v v v v v
Research
Legend = Decrease in number of events = Increase in number of events
from 2015 Final MITT EIS/OEIS from 2015 Final MITT EIS/OEIS

1 0ther Materials include marine markers and flares, chaff, towed and stationary targets, and miscellaneous components of other expended objects
2 Area of interest is U.S. Territorial Waters (seaward of the mean high water line to 12 nautical miles and any inshore waters)
3Vibration and shock waves from underwater explosions.

4 Physical disturbance and strike stressors resulting from in-water devices, military expended materials, seafloor devices, pile driving, and vibration from sonic booms in U.S. territorial waters (seaward of the mean high water line to 12 nautical miles).

5> Availability of access on the ocean and in the air

8 Loud noises from weapons firing, in-air explosions, and sonic booms

7 Active sonar, underwater explosions, air guns, vessel movements, mine warfare training devices, and unmanned underwater systems
8Sources of electromagnetic energy and lasers

?Interaction of Navy or Marine Corps aircraft, vessels, and equipment with general public

Note: A check indicates training and/or testing events that trigger the stressor as it applies to the specific resource.
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Table F-3: Stressors by Resource (continued)
Biological Resources Physical Resources Human Resources?
Air . Cultural , . .
, . , . , Entanglement , . Sediments and Water Socioeconomic Public Health &
Acoustic Stressors Explosives | Energy Stressors Physical Disturbance and Strike Stressors Ingestion Stressors | Quality . Resource
Stressors Quality Stressors Stressors Safety Stressors
Stressor Stressors
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1 Other Materials include marine markers and flares, chaff, towed and stationary targets, and miscellaneous components of other expended objects

2 Area of interest is U.S. Territorial Waters (seaward of the mean high water line to 12 nautical miles and any inshore waters)

3Vibration and shock waves from underwater explosions.

4 Physical disturbance and strike stressors resulting from in-water devices, military expended materials, seafloor devices, pile driving, and vibration from sonic booms in U.S. territorial waters (seaward of the mean high water line to 12 nautical miles).

5> Availability of access on the ocean and in the air

6Loud noises from weapons firing, in-air explosions, and sonic booms

7 Active sonar, underwater explosions, air guns, vessel movements, mine warfare training devices, and unmanned underwater systems

8Sources of electromagnetic energy and lasers

?Interaction of Navy or Marine Corps aircraft, vessels, and equipment with general public

Note: A check indicates training and/or testing events that trigger the stressor as it applies to the specific resource.
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APPENDIX G Conceptual Framework for Assessing Effects
on Biological Resources

The analysis of impacts on biological resources focused on the likelihood of encountering the stressor,
the primary stimulus, response, and recovery of individual organisms. Where appropriate, the potential
of a biological resource to overlap with a stressor was analyzed with consideration given to the specific
geographic area (large marine ecosystems, open ocean areas, range complexes, operating areas, and
other training and testing areas) in which the overlap could occur. Additionally, the differential impacts
of training versus testing activities that introduce stressors to the resource were considered.

For each of the non-biological resources considered in this Supplemental Environmental Impact
Statement/Overseas Environmental Impact Statement, the methods are unique to each specific
resource and are therefore described in each resource section. For Sediments and Water Quality, Air
Quality, Cultural Resources, Socioeconomics, and for Public Health and Safety, see Section 3.0.1 (Overall
Approach to Analysis).

G.1  Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities

This conceptual framework describes the potential effects from exposure to acoustic and explosive
activities and the accompanying short-term costs to the animal (e.g., expended energy or missed
feeding opportunity). It then outlines the conditions that may lead to long-term consequences for the
individual if the animal cannot fully recover from the short-term costs and how these in turn may affect
the population. Within each biological resource section (e.g., marine mammals, birds, and fishes) the
detailed methods to predict effects on specific taxa are derived from this conceptual framework.

An animal is considered “exposed” to a sound if the received sound level at the animal’s location is
above the background ambient noise level within a similar frequency band. A variety of effects may
result from exposure to acoustic and explosive activities.

The categories of potential effects are listed below:

e Injury and other non-auditory injury — Injury to organs or tissues of an animal

e Hearing loss — A noise-induced decrease in hearing sensitivity, which can be either temporary or
permanent and may be limited to a narrow frequency range of hearing

e Masking — When the perception of a biologically important sound (i.e., signal) is interfered with
by a second sound (i.e., noise)

e Physiological stress — An adaptive process that helps an animal cope with changing conditions;
although, too much stress can result in physiological problems

e Behavioral response — A reaction ranging from very minor and brief changes in attentional
focus, changes in biologically important behaviors, and avoidance of a sound source or area, to
aggression or prolonged flight

Figure G-1 is a flowchart that diagrams the process used to evaluate the potential effects to marine
animals exposed to sound-producing activities. The shape and color of each box on the flowchart
represents either a decision point in the analysis (green diamonds); specific processes such as responses,
costs, or recovery (blue rectangles); external factors to consider (purple parallelograms); and final
outcomes for the individual or population (orange ovals and rectangles). Each box is labeled for
reference throughout the following sections. For simplicity, sound is used here to include not only sound
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waves but also blast waves generated from explosive sources. Box Al, the Sound-Producing Activity, is
the source of this stimuli and therefore the starting point in the analysis.

The first step in predicting whether an activity is capable of affecting a marine animal is to define the
stimuli experienced by the animal. The stimuli include the overall level of activity, the surrounding
acoustical environment, and characteristics of the sound when it reaches the animal.

Sounds emitted from a sound-producing activity (Box Al) travel through the environment to create a
spatially variable sound field. The received sound at the animal (Box A2) determines the range of
possible effects. The received sound can be evaluated in several ways, including number of times the
sound is experienced (repetitive exposures), total received energy, or highest sound pressure level
experienced.

Sounds that are higher than the ambient noise level and within an animal’s hearing sensitivity range
(Box A3) have the potential to cause effects. There can be any number of individual sound sources in a
given activity, each with its own unique characteristics. For example, a United States Department of the
Navy training exercise may involve several ships and aircraft using several types of sonar. Environmental
factors such as temperature and bottom type impact how sound spreads and attenuates through the
environment. Additionally, independent of the sounds, the overall level of activity and the number and
movement of sound sources are important to help predict the probable reactions.

The magnitude of the responses is predicted based on the characteristics of the acoustic stimuli and the
characteristics of the animal (species, susceptibility, life history stage, size, and past experiences). Very
high exposure levels close to explosives have the potential to cause injury. High-level, long-duration, or
repetitive exposures may potentially cause some hearing loss. All perceived sounds may lead to
behavioral responses, physiological stress, and masking. Many sounds, including sounds that are not
detectable by the animal, could have no effect (Box A4).

G.1.1 Injury

Injury (Box B1) refers to the direct injury of tissues and organs by shock or pressure waves impinging
upon or traveling through an animal's body. Marine animals are well adapted to large, but relatively
slow, hydrostatic pressures changes that occur with changing depth. However, injury may result from
exposure to rapid pressure changes, such that the tissues do not have time to adequately adjust.

Therefore, injury is normally limited to relatively close ranges from explosions. Injury can be mild and
fully recoverable or, in some cases, lead to mortality.

Injury includes both auditory and non-auditory injury. Auditory injury is the direct mechanical injury to
hearing-related structures, including tympanic membrane rupture, disarticulation of the middle ear
ossicles, and injury to the inner ear structures such as the organ of Corti and the associated hair cells.
Auditory injury differs from auditory fatigue in that the latter involves the overstimulation of the
auditory system at levels below those capable of causing direct mechanical damage. Auditory injury is
always injurious but can be temporary. One of the most common consequences of auditory injury is
hearing loss.
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Figure G-1: Flow Chart of the Evaluation Process of Sound-Producing Activities
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Non-auditory injury can include hemorrhaging of small blood vessels and the rupture of gas-containing
tissues such as the lung, swim bladder, or gastrointestinal tract. After the ear (or other sound-sensing
organs), these are usually the organs and tissues most sensitive to explosive injury. An animal’s size and
anatomy are important in determining its susceptibility to non-auditory injury (Box B2). Larger size
indicates more tissue to protect vital organs. Therefore, larger animals should be less susceptible to
injury than smaller animals. In some cases, acoustic resonance of a structure may enhance the
vibrations resulting from noise exposure and result in an increased susceptibility to injury. The size,
geometry, and material composition of a structure determine the frequency at which the object will
resonate. Because most biological tissues are heavily damped, the increase in susceptibility from
resonance is limited.

Vascular and tissue bubble formation resulting from sound exposure is a hypothesized mechanism of
injury to breath-holding marine animals. Bubble formation and growth due to direct sound exposure
have been hypothesized (Crum & Mao, 1996; Crum et al., 2005); however, the experimental laboratory
conditions under which these phenomena were observed would not be replicated in the wild. Certain
dive behaviors by breath-holding animals are predicted to result in conditions of blood nitrogen
super-saturation, potentially putting an animal at risk for decompression sickness (Fahlman et al., 2014),
although this phenomena has not been observed (Houser et al., 2009). In addition, animals that spend
long periods of time at great depths are predicted to have super-saturated tissues that may slowly
release nitrogen if the animal then spends a long time at the surface (i.e., stranding) (Houser et al.,
2009).

Injury could increase the animal’s physiological stress (Box B8), which feeds into the stress response
(Box B7) and also increases the likelihood or severity of a behavioral response. Injury may reduce an
animal’s ability to secure food by reducing its mobility or the efficiency of its sensory systems, making
the injured individual less attractive to potential mates, increasing an individual’s chances of contracting
diseases or falling prey to a predator (Box D2), or increasing an animal's overall physiological stress level
(Box D10). Severe injury can lead to the death of the individual (Box D1).

Damaged tissues from mild to moderate injury may heal over time. The predicted recovery of direct
injury is based on the severity of the injury, availability of resources, and characteristics of the animal.
The animal may also need to recover from any potential costs due to a decrease in resource gathering
efficiency and any secondary effects from predators or disease. Severe injuries can lead to reduced
survivorship (longevity), elevated stress levels, and prolonged alterations in behavior that can reduce an
animal’s lifetime reproductive success. An animal with decreased energy stores or a lingering injury may
be less successful at mating for one or more breeding seasons, thereby decreasing the number of
offspring produced over its lifetime.

G.1.2 Hearing Loss

Hearing loss, also called a noise-induced threshold shift, is possibly the most studied type of effect from
sound exposures to animals. Hearing loss manifests itself as loss in hearing sensitivity across part of an
animal’s hearing range, which is dependent upon the specifics of the noise exposure. Hearing loss may
be either PTS or TTS. If the threshold shift eventually returns to zero (the animal’s hearing returns to
pre-exposure value), the threshold shift is a TTS. If the threshold shift does not return to zero but leaves
some finite amount of threshold shift, then that remaining threshold shift is a PTS. Figure G-2 shows one
hypothetical threshold shift that completely recovers, a TTS, and one that does not completely recover,
leaving some PTS.

G-5
Appendix G Conceptual Framework for Assessing Effects on Biological Resources



Mariana Islands Training and Testing

Final Supplemental EIS/OEIS June 2020
r'y
TTSis a TS that + PTS is the amount
fully recovers of TS that exists
m after recovery stops
A - 0
ry TSasa ° -
wr . c ™
= / function of time 5| 2
o (5] g =
ot =
= — L1
3 o
2 = final TS is zero
) -- 1
¥ ¥
>
time ime 1/

Figure G-2: Two Hypothetical Threshold Shifts

The characteristics of the received sound stimuli are used and compared to the animal’s hearing
sensitivity and susceptibility to noise (Box A3) to determine the potential for hearing loss. The
amplitude, frequency, duration, and temporal pattern of the sound exposure are important parameters
for predicting the potential for hearing loss over a specific portion of an animal’s hearing range.
Duration is particularly important because hearing loss can increase with prolonged exposure time.
Longer exposures with lower sound levels can cause more threshold shift than a shorter exposure using
the same amount of energy overall. The frequency of the sound also plays an important role.
Experiments show that animals are most susceptible to hearing loss (Box B3) within their most sensitive
hearing range. Sounds outside of an animal’s audible frequency range do not cause hearing loss.

The mechanisms responsible for hearing loss may consist of a variety of mechanical and biochemical
processes in the inner ear, including physical damage or distortion of the tympanic membrane (not
including tympanic membrane rupture which is considered auditory injury), physical damage or
distortion of the cochlear hair cells, hair cell death, changes in cochlear blood flow, and swelling of
cochlear nerve terminals (Henderson et al., 2006; Kujawa & Liberman, 2009). Although the outer hair
cells are the most prominent target for fatigue effects, severe noise exposures may also result in inner
hair cell death and loss of auditory nerve fibers (Henderson et al., 2006).

The relationship between TTS and PTS is complicated and poorly understood, even in humans and
terrestrial mammals, where numerous studies failed to delineate a clear relationship between the two.
Relatively small amounts of TTS (e.g., less than 40-50 decibels measured two minutes after exposure)
will recover with no apparent permanent effects; however, terrestrial mammal studies revealed that
larger amounts of threshold shift can result in permanent neural degeneration, despite the hearing
thresholds returning to normal (Kujawa & Liberman, 2009). The amounts of threshold shift induced by
Kujawa and Liberman (2009) were described as being “at the limits of reversibility.” It is unknown
whether smaller amounts of threshold shift can result in similar neural degeneration, or if effects would
translate to other species such as marine animals.

Hearing loss can increase an animal’s physiological stress (Box B8), which feeds into the stress response
(Box B7). Hearing loss can increase the likelihood or severity of a behavioral response and increase an
animal's overall physiological stress level (Box D10). Hearing loss reduces the distance over which
animals can communicate and detect other biologically important sounds (Box D3). Hearing loss could
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also be inconsequential for an animal if the frequency range affected is not critical for that animal to
hear within, or the hearing loss is of such short duration (e.g., a few minutes) that there are no costs to
the individual.

Small to moderate amounts of hearing loss may recover over a period of minutes to days, depending on
the amount of initial threshold shift. Severe noise-induced hearing loss may not fully recover, resulting
in some amount of PTS. An animal whose hearing does not recover quickly and fully could suffer a
reduction in lifetime reproductive success. An animal with PTS may be less successful at mating for one
or more breeding seasons, thereby decreasing the number of offspring it can produce over its lifetime.

G.1.3 Masking

Masking occurs if the noise from an activity interferes with an animal’s ability to detect, understand, or
recognize biologically relevant sounds of interest (Box B4). In this context noise refers to unwanted or
unimportant sounds that mask an animal’s ability to hear sounds of interest. Sounds of interest include
those from conspecifics such as offspring, mates, and competitors; echolocation clicks; sounds from
predators; natural, abiotic sounds that may aid in navigation; and reverberation, which can give an
animal information about its location and orientation within the ocean. The probability of masking
increases as the noise and sound of interest increase in similarity and the masking noise increases in
level. The frequency, received level, and duty cycle of the noise determines the potential degree of
auditory masking. Masking only occurs during the sound exposure.

A behavior decision (either conscious or instinctive) is made by the animal when the animal detects
increased background noise, or possibly, when the animal recognizes that biologically relevant sounds
are being masked (Box C1). An animal’s past experiences can be important in determining the behavioral
response when dealing with masking (Box C4). For example, an animal may modify its vocalizations to
reduce the effects of masking noise. Other stimuli present in the environment can influence an animal’s
behavior decision (Box C5) such as the presence of predators, prey, or potential mates.

An animal may exhibit a passive behavioral response when coping with masking (Box C2). It may simply
not respond and keep conducting its current natural behavior. An animal may also stop calling until the
background noise decreases. These passive responses do not present a direct energetic cost to the
animal; however, masking will continue, depending on the acoustic stimuli.

An animal may actively compensate for masking (Box C3). An animal can vocalize more loudly to make
its signal heard over the masking noise. An animal may also shift the frequency of its vocalizations away
from the frequency of the masking noise. This shift can actually reduce the masking effect for the animal
and other animals that are listening in the area.

If masking impairs an animal’s ability to hear biologically important sounds (Box D3) it could reduce an
animal's ability to communicate with conspecifics or reduce opportunities to detect or attract more
distant mates, gain information about their physical environment, or navigate. An animal that modifies
its vocalization in response to masking could also incur a cost (Box D4). Modifying vocalizations may cost
the animal energy, interfere with the behavioral function of a call, or reduce a signaler’s apparent
quality as a mating partner. For example, songbirds that shift their calls up an octave to compensate for
increased background noise attract fewer or less-desirable mates, and many terrestrial species advertise
body size and quality with low-frequency vocalizations (Slabbekoorn & Ripmeester, 2007). Masking may
also lead to no measurable costs for an animal. Masking could be of short duration or intermittent such
that biologically important sounds that are continuous or repeated are received by the animal between
masking noise.
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Masking only occurs when the sound source is operating; therefore, direct masking effects stop
immediately upon cessation of the sound-producing activity. Masking could have long-term
consequences for individuals if the activity was continuous or occurred frequently enough.

G.1.4 Physiological Stress

Marine animals naturally experience physiological stress as part of their normal life histories. The
physiological response to a stressor, often termed the stress response, is an adaptive process that helps
an animal cope with changing external and internal environmental conditions. Sound-producing
activities have the potential to cause additional stress. However, too much of a stress response can be
harmful to an animal, resulting in physiological dysfunction.

If a sound is detected (i.e., heard or sensed) by an animal, a stress response can occur (Box B7). The
severity of the stress response depends on the received sound level at the animal (Box A2), the details of
the sound-producing activity (Box A1), and the animal’s life history stage (e.g., juvenile or adult,
breeding or feeding season), and past experience with the stimuli (Box B5). An animal’s life history stage
is an important factor to consider when predicting whether a stress response is likely (Box B5). An
animal’s life history stage includes its level of physical maturity (i.e., larva, infant, juvenile, sexually
mature adult) and the primary activity in which it is engaged such as mating, feeding, or rearing/caring
for young. Prior experience with a stressor may be of particular importance because repeated
experience with a stressor may dull the stress response via acclimation (St. Aubin & Dierauf, 2001) or
increase the response via sensitization. Additionally, if an animal suffers injury or hearing loss, a
physiological stress response will occur (Box B8).

The generalized stress response is characterized by a release of hormones (Reeder & Kramer, 2005) and
other chemicals (e.g., stress markers) such as reactive oxidative compounds associated with
noise-induced hearing loss (Henderson et al., 2006). Stress hormones include norepinephrine and
epinephrine (i.e., the catecholamines), which produce elevations in the heart and respiration rate,
increase awareness, and increase the availability of glucose and lipid for energy. Other stress hormones
are the glucocorticoid steroid hormones cortisol and aldosterone, which are classically used as an
indicator of a stress response and to characterize the magnitude of the stress response (Hennessy et al.,
1979).

An acute stress response is traditionally considered part of the startle response and is hormonally
characterized by the release of the catecholamines. Annoyance type reactions may be characterized by
the release of either or both catecholamines and glucocorticoid hormones. Regardless of the
physiological changes that make up the stress response, the stress response may contribute to an
animal’s decision to alter its behavior.

Elevated stress levels may occur whether or not an animal exhibits a behavioral response (Box D10).
Even while undergoing a stress response, competing stimuli (e.g., food or mating opportunities) may
overcome any behavioral response. Regardless of whether the animal displays a behavioral response,
this tolerated stress could incur a cost to the animal. Reactive oxygen compounds produced during
normal physiological processes are generally counterbalanced by enzymes and antioxidants; however,
excess stress can lead to damage of lipids, proteins, and nucleic acids at the cellular level (Berlett &
Stadtman, 1997; Sies, 1997; Touyz, 2004).

Frequent physiological stress responses may accumulate over time increasing an animal's chronic stress
level. Each component of the stress response is variable in time, and stress hormones return to baseline
levels at different rates. Elevated chronic stress levels are usually a result of a prolonged or repeated
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disturbance. Chronic elevations in the stress levels (e.g., cortisol levels) may produce long-term health
consequences that can reduce lifetime reproductive success.

G.1.5 Behavioral Reactions

Behavioral responses fall into two major categories: alterations in natural behavior patterns and
avoidance. These types of reactions are not mutually exclusive, and many overall reactions may be
combinations of behaviors or a sequence of behaviors. Severity of behavioral reactions can vary
drastically between minor and brief reorientations of the animal to investigate the sound, to severe
reactions such as aggression or prolonged flight. The type and severity of the behavioral response will
determine the cost to the animal. The total number of vehicles and platforms involved, the size of the
activity area, the distance between the animal and activity, and the duration of the activity are
important considerations when predicting the initial behavioral responses.

A physiological stress response (Box B7) such as an annoyance or startle reaction, or cueing or alerting
(Box B6) may cause an animal to make a behavior decision (Box C6). Any exposure that produces an
injury or hearing loss is also assumed to produce a stress response (Box B7) and increase the severity or
likelihood of a behavioral reaction. Both an animal's experience (Box C4) and competing and reinforcing
stimuli (Box C5) can affect an animal's behavior decision. The decision can result in three general types
of behavioral reactions: no response (Box C9), area avoidance (Box C8), or alteration of a natural
behavior (Box C7).

An animal’s past experiences can be important in determining what behavior decision it may make when
dealing with a stress response (Box C4). Habituation is the process by which an animal learns to ignore
or tolerate stimuli over some period and return to a normal behavior pattern, perhaps after being
exposed to the stimuli with no negative consequences. Sensitization is when an animal becomes more
sensitive to a set of stimuli over time, perhaps as a result of a past, negative experience that could result
in a stronger behavioral response.

Other stimuli (Box C5) present in the environment can influence an animal’s behavioral response. These
stimuli may be conspecifics or predators in the area or the drive to engage in a natural behavior. Other
stimuli can also reinforce the behavioral response caused by acoustic stimuli. For example, the
awareness of a predator in the area coupled with the sound-producing activity may elicit a stronger
reaction than the activity alone would have.

An animal may reorient, become more vigilant, or investigate if it detects a sound-producing activity
(Box C7). These behaviors all require the animal to divert attention and resources, therefore slowing or
stopping their presumably beneficial natural behavior. This can be a very brief diversion, or an animal
may not resume its natural behaviors until after the activity has concluded. An animal may choose to
leave or avoid an area where a sound-producing activity is taking place (Box C8). A more severe form of
this comes in the form of flight or evasion. Avoidance of an area can help the animal avoid further
effects by avoiding or reducing further exposure. An animal may also choose not to respond to a
sound-producing activity (Box C9).

An animal that alters its natural behavior in response to stress or an auditory cue may slow or cease its
natural behavior and instead expend energy reacting to the sound-producing activity (Box D5). Natural
behaviors include feeding, breeding, sheltering, and migrating. The cost of feeding disruptions depends
on the energetic requirements of individuals and the potential amount of food missed during the
disruption. Alteration in breeding behavior can result in delaying reproduction. The costs of a brief
interruption to migrating or sheltering are less clear.
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An animal that avoids a sound-producing activity may expend additional energy moving around the
area, be displaced to poorer resources, miss potential mates, or have social interactions affected

(Box D6). The amount of energy expended depends on the severity of the behavioral response. Missing
potential mates can result in delaying reproduction. Groups could be separated during a severe
behavioral response such as flight and offspring that depend on their parents may die if they are
permanently separated. Splitting up an animal group can result in a reduced group size, which can have
secondary effects on individual foraging success and susceptibility to predators.

Some severe behavioral reactions can lead to stranding (Box D7) or secondary injury (Box D8). Animals
that take prolonged flight, a severe avoidance reaction, may injure themselves or strand in an
environment for which they are not adapted. Some injury is likely to occur to an animal that strands
(Box D8). Injury can reduce the animal’s ability to secure food and mates, and increase the animal’s
susceptibility to predation and disease (Box D2). An animal that strands and does not return to a
hospitable environment may die (Box D9).

G.1.6 Long-Term Consequences

The potential long-term consequences from behavioral responses are difficult to discern. Animals
displaced from their normal habitat due to an avoidance reaction may return over time and resume
their natural behaviors. This is likely to depend upon the severity of the reaction and how often the
activity is repeated in the area. In areas of repeated and frequent acoustic disturbance, some animals
may habituate to the new baseline; conversely, species that are more sensitive may not return, or
return but not resume use of the habitat in the same manner. For example, an animal may return to an
area to feed but no longer rest in that area. Long-term abandonment or a change in the utilization of an
area by enough individuals can change the distribution of the population. Frequent disruptions to
natural behavior patterns may not allow an animal to recover between exposures, which increase the
probability of causing long-term consequences to individuals.

The magnitude and type of effect and the speed and completeness of recovery (i.e., return to baseline
conditions) must be considered in predicting long-term consequences to the individual animal (Box E4).
The predicted recovery of the animal (Box E1) is based on the cost to the animal from any reactions,
behavioral or physiological. Available resources fluctuate by season, location, and year and can play a
major role in an animal’s rate of recovery (Box E2). Recovery can occur more quickly if plentiful food
resources, many potential mates, or refuge or shelter is available. An animal’s health, energy reserves,
size, life history stage, and resource gathering strategy affect its speed and completeness of recovery
(Box E3). Animals that are in good health and have abundant energy reserves before an effect takes
place will likely recover more quickly.

Animals that recover quickly and completely are unlikely to suffer reductions in their health or
reproductive success, or experience changes in habitat utilization (Box F2). No population-level effects
would be expected if individual animals do not suffer reductions in their lifetime reproductive success or
change their habitat utilization (Box G2). Animals that do not recover quickly and fully could suffer
reductions in their health and lifetime reproductive success; they could be permanently displaced or
change how they use the environment; or they could die (Box F1). These long-term consequences to the
individual can lead to consequences for the population (Box G1); although, population dynamics and
abundance play a role in determining how many individuals would need to suffer long-term
consequences before there was an effect on the population.
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Long-term consequences to individuals can translate into consequences for populations dependent
upon population abundance, structure, growth rate, and carry capacity. Carrying capacity describes the
theoretical maximum number of animals of a particular species that the environment can support.
When a population nears its carrying capacity, its growth is naturally limited by available resources and
predator pressure. If one, or a few animals, in a population are removed or gather fewer resources, then
other animals in the population can take advantage of the freed resources and potentially increase their
health and lifetime reproductive success. Abundant populations that are near their carrying capacity
(theoretical maximum abundance) that suffer consequences on a few individuals may not be affected
overall. Populations that exist well below their carrying capacity may suffer greater consequences from
any lasting consequences to even a few individuals. Population-level consequences can include a change
in the population dynamics, a decrease in the growth rate, or a change in geographic distribution.

G.2  Conceptual Framework for Assessing Effects from Energy-Producing Activities
G.2.1 Stimuli
G.2.1.1 Magnitude of the Energy Stressor

Regulations do not provide threshold criteria to determine the significance of the potential effects from
activities that involve the use of varying electromagnetic frequencies or lasers. Many organisms,
primarily marine vertebrates, have been studied to determine their thresholds for detecting
electromagnetic fields, as reviewed by Normandeau et al. (2011); however, there are no data on
predictable responses to exposure above or below detection thresholds. The types of electromagnetic
fields discussed are those from mine neutralization activities (magnetic influence minesweeping).
High-energy and low-energy lasers were considered for analysis. Low-energy lasers (e.g., targeting
systems, detection systems, laser light detection and ranging) do not pose a risk to organisms (Swope,
2010) and, therefore, will not be discussed further. Radar was also considered for analysis and was
determined not to pose a risk to biological resources.

G.2.1.2 Location of the Energy Stressor

Evaluation of potential energy exposure risks considered the spatial overlap of the resource occurrence
and electromagnetic field and high-energy laser use. Wherever appropriate, specific geographic areas of
potential impact were identified and the relative location of the resource with respect to the source was
considered. For example, the greatest potential electromagnetic energy exposure is at the source,
where intensity is greatest and the greatest potential for high energy laser exposure is at the ocean’s
surface, where high-energy laser intensity is greatest. All light energy, including laser light, entering the
ocean becomes absorbed and scattered at a rate that is dependent on the frequency of the light. For
most laser applications, the energy is rapidly reduced as the light penetrates the ocean.

G.2.1.3 Behavior of the Organism

Evaluation of potential energy exposure risk considered the behavior of the organism, especially where
the organism lives and feeds (e.g., surface, water column, seafloor). The analysis for electromagnetic
devices considered those species with the ability to perceive or detect electromagnetic signals. The
analysis for high-energy lasers and radar particularly considered those species known to occur at or
above the surface of the ocean.

G.2.2 Immediate Response and Costs to the Individual

Many different types of organisms (e.g., some invertebrates, fishes, turtles, birds, mammals) are
sensitive to electromagnetic fields (Normandeau et al., 2011). An organism that encounters a
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disturbance in an electromagnetic field could respond by moving toward the source, moving away from
it, or not responding at all. The types of electromagnetic devices used in the Proposed Action simulate
the electromagnetic signature of a vessel passing through the water column, so the expected response
would be similar to that of vessel movement. However, since there would be no actual strike potential, a
physiological response would be unlikely in most cases. Recovery of an individual from encountering
electromagnetic fields would be variable, but since the physiological response would likely be minimal,
as reviewed by Normandeau et al. (2011), any recovery time would also be minimal.

Very little data are available to analyze potential impacts on organisms from exposure to high energy
lasers. For all but the highest-energy lasers, the greatest laser-related concern for marine species is
damage to an organism’s ability to see.

G.2.3 Long-Term Consequences to the Individual and Population

Long-term consequences are considered in terms of a resource’s existing population level, growth and
mortality rates, other stressors on the resource from the Proposed Action, cumulative impacts on the
resource, and the ability of the population to recover from or adapt to impacts. Impacts of multiple or
repeated stressors on individuals are cumulative.

G.3  Conceptual Framework for Assessing Effects from Physical Disturbance or Strike
G.3.1 Stimuli
G.3.1.1 Size and Weight of the Objects

To determine the likelihood of a strike and the potential impacts on an organism or habitat that would
result from a physical strike, the size and weight of the striking object relative to the organism or habitat
must be considered. For example, most small organisms and early life stages would simply be displaced
by the movement generated by a large object moving through, or falling into, the water, whereas a
larger organism could potentially be struck by an object since it may not be displaced by the movement
of the water. The weight of the object is also a factor that would determine the severity of a strike. A
strike by a heavy object would be more severe than a strike by a low-weight object (e.g., a
decelerator/parachute, flare end cap, or chaff canister).

G.3.1.2 Location and Speed of the Objects

Evaluation of potential physical disturbance or strike risk considered the spatial overlap of the resource
occurrence and potential striking objects. Analysis of impacts from physical disturbance or strike
stressors focuses on proposed activities that may cause an organism or habitat to be struck by an object
moving through the air (e.g., aircraft), water (e.g., vessels, in-water devices, towed devices), or dropped
into the water (e.g., non-explosive practice munitions and seafloor devices). The area of operation,
vertical distribution, and density of these items also play central roles in the likelihood of impact.
Wherever appropriate, specific geographic areas of potential impact are identified. Analysis of potential
physical disturbance or strike risk also considered the speed of vessels as a measure of intensity. Some
vessels move slowly, while others are capable of high speeds.

G.3.1.3 Buoyancy of the Objects

Evaluation of potential physical disturbance or strike risk in the ocean considered the buoyancy of
targets or expended materials during operation, which will determine whether the object will be
encountered at the surface, within the water column, or on the seafloor.
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G.3.1.4 Behavior of the Organism

Evaluation of potential physical disturbance or strike risk considered where organisms occur and if they
occur in the same geographic area and vertical distribution as those objects that pose strike risks.

G.3.2 Immediate Response and Costs to the Individual

Before being struck, some organisms would sense a pressure wave through the water and respond by
remaining in place, moving away from the object, or moving toward it. An organism displaced a small
distance by movements from an object falling into the water nearby would likely continue on with no
response. However, others could be disturbed and may exhibit a generalized stress response. If the
object actually hits the organism, direct injury in addition to stress may result. The function of the stress
response in vertebrates is to rapidly raise the blood sugar level to prepare the organism to flee or fight.
This generally adaptive physiological response can become a liability if the stressor persists and the
organism cannot return to its baseline physiological state.

Most organisms would respond to sudden physical approach or contact by darting quickly away from
the stimulus. Other species may respond by freezing in place or seeking refuge. In any case, the
individual must stop whatever it was doing and divert its physiological and cognitive attention to
responding to the stressor. The energy costs of reacting to a stressor depend on the specific situation,
but in all cases the caloric requirements of stress reactions reduce the amount of energy available to the
individual for other functions such as predator avoidance, reproduction, growth, and metabolism.

The ability of an organism to return to what it was doing following a physical strike (or near miss
resulting in a stress response) is a function of fitness, genetic, and environmental factors. Some
organisms are more tolerant of environmental or human-caused stressors than others and become
acclimated more easily. Within a species, the rate at which an individual recovers from a physical
disturbance or strike may be influenced by its age, sex, reproductive state, and general condition. An
organism that has reacted to a sudden disturbance by swimming at burst speed would tire after some
time; its blood hormone and sugar levels may not return to normal for 24 hours. During the recovery
period, the organism may not be able to attain burst speeds and could be more vulnerable to predators.
If the individual were not able to regain a steady state following exposure to a physical stressor, it may
suffer depressed immune function and even death.

G.3.3 Long-Term Consequences to the Population

Long-term consequences are considered in terms of a resource’s existing population level, growth and
mortality rates, other stressors on the resource from the Proposed Action, cumulative impacts on the
resource, and the ability of the population to recover from or adapt to impacts. Impacts of multiple or
repeated stressors on individuals are cumulative.

G.4  Conceptual Framework for Assessing Effects from Entanglement
G.4.1 Stimuli
G.4.1.1 Physical Properties of the Objects

For an organism to become entangled in military expended materials, the materials must have certain
properties, such as the ability to form loops and a high breaking strength. Some items could have a
relatively low breaking strength on their own, but that breaking strength could be increased if multiple
loops were wrapped around an entangled organism.
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G.4.1.2 Physical Features of the Resource

The physical makeup of the organism itself is also considered when evaluating the risk of entanglement.
Some species, by their size or physical features, are more susceptible to entanglement than others. For
example, more rigid bodies with protruding snouts (e.g., hammerhead shark) or large, rigid fins (e.g.,
humpback whale) would have an increased risk of entanglement when compared to species with
smoother, streamlined bodies such as lamprey or eels.

G.4.1.3 Location of the Objects

Evaluation of potential entanglement risk considered the spatial overlap of the resource occurrence and
military expended materials. Distribution and density of expended items play a central role in the
likelihood of impact. Wherever appropriate, specific geographic areas of potential impact are identified.

G.4.1.4 Buoyancy of Objects

Evaluation of potential entanglement risk considered the buoyancy of military expended materials to
determine whether the object will be encountered within the water column (including the surface) or on
the seafloor. Less buoyant materials, such as torpedo guidance wires, sink rapidly to the seafloor. More
buoyant materials include less dense items (e.g., decelerators/parachutes) that are weighted and would
sink slowly to the seafloor and could be entrained in currents.

G.4.1.5 Behavior of the Organism

Evaluation of potential entanglement risk considered the general behavior of the organism, including
where the organism typically occurs (e.g., surface, water column, seafloor). A defense response by some
large whales (when encountering rope) is to spin, thereby entangling themselves further in the “object.”
This makes selecting for non-looping and lower breaking strength in objects such as ropes very
important. The analysis particularly considered those species known to become entangled in nonmilitary
expended materials (e.g., “marine debris”) such as fishing lines, nets, rope, and other derelict fishing
gear that often entangle marine organisms.

G.4.2 Immediate Response and Costs to the Individual

The potential impacts of entanglement on a given organism depend on the species and size of the
organism. Species that have protruding snouts, fins, or appendages are more likely to become entangled
than smooth-bodied organisms. Also, items could get entangled by an organism's mouth, if caught on
teeth or baleen, with the rest of the item trailing alongside the organism. Materials similar to fishing
gear, which is designed to entangle an organism, would be expected to have a greater entanglement
potential than other materials. An entangled organism would likely try to free itself of the entangling
object and in the process may become even more entangled, possibly leading to a stress response. The
net result of being entangled by an object could be disruption of the normal behavior, injury due to
lacerations, and other sublethal or lethal impacts.

G.4.3 Long-Term Consequences to the Individual and Population

Consequences of entanglement could range from an organism successfully freeing itself from the object
or remaining entangled indefinitely, possibly resulting in lacerations and other sublethal or lethal
impacts. Stress responses or infection from lacerations could lead to latent mortality. The analysis will
focus on reasonably foreseeable long-term consequences of the direct impact, particularly those that
could impact the fitness of an individual. Changes in an individual’s growth, survival, annual
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reproductive success, or lifetime reproductive success could have population-level impacts if enough
individuals are impacted. This population-level impact would vary among species and taxonomic groups.

G.5 Conceptual Framework for Assessing Effects from Ingestion
G.5.1 Stimuli
G.5.1.1 Size of the Objects

To assess the ingestion risk from military expended materials, this analysis considered the size of the
object relative to the animal’s ability to swallow it. Some items are too large to be ingested

(e.g., non-explosive practice bombs and most targets) and impacts from these items are not discussed
further. However, these items may potentially break down into smaller ingestible pieces over time.
Items that are of ingestible size when they are introduced into the environment are carried forward for
analysis within each resource section where applicable.

G.5.1.2 Location of the Objects

Evaluation of potential ingestion risk considered the spatial overlap of the resource occurrence and
military expended materials. The distribution and density of expended items play a central role in the
likelihood of impact. Wherever appropriate, specific geographic areas of potential impact

were identified.

G.5.1.3 Buoyancy of the Objects

Evaluation of potential ingestion risk considered the buoyancy of military expended materials to
determine whether the object will be encountered within the water column (including the surface) or on
the seafloor. Less buoyant materials, such as solid metal materials (e.g., projectiles or munitions
fragments), sink rapidly to the seafloor. More buoyant materials include less dense items (e.g., target
fragments and decelerators/parachutes) that may be caught in currents and gyres or entangled in
floating kelp. These materials can remain in the water column for an indefinite period of time before
sinking. However, decelerators/parachutes are weighted and would generally sink, unless that sinking is
suspended, in the scenario described here.

G.5.1.4 Feeding Behavior

Evaluation of potential ingestion risk considered the feeding behavior of the organism, including where
(e.g., surface, water column, seafloor) and how (e.g., filter feeding) the organism feeds and what it feeds
on. The analysis particularly considered those species known to ingest nonfood items (e.g., plastic or
metal items).

G.5.2 Immediate Response and Costs to the Individual

Potential impacts of ingesting foreign objects on a given organism depend on the species and size of the
organism. Species that normally eat spiny hard-bodied invertebrates would be expected to have tougher
mouths and guts than those that normally feed on softer prey. Materials similar in size and shape to the
normal diet of an organism may be more likely to be ingested without causing harm to the animal;
however, some general assumptions were made. Relatively small objects with smooth edges, such as
shells or small-caliber projectiles, might pass through the digestive tract without causing harm. A small
sharp-edged item may cause the individual immediate physical distress by tearing or cutting the mouth,
throat, or stomach. If the object is rigid and large (relative to the individual’s mouth and throat), it may
block the throat or obstruct digestive processes. An object may even be enclosed by a cyst in the gut
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lining. The net result of ingesting large foreign objects is disruption of the normal feeding behavior,
which could be sublethal or lethal.

G.5.3 Long-Term Consequences to the Individual and Population

The consequences of ingesting nonfood items could be nutrient deficiency, bioaccumulation, uptake of
toxic chemicals, compaction, and mortality. The analysis focused on reasonably foreseeable long-term
consequences of the direct impact, particularly those that could impact the fitness of an individual.
Changes in an individual’s growth, survival, annual reproductive success, or lifetime reproductive
success could have population-level impacts if enough individuals were impacted. This population-level
impact would vary among species and taxonomic groups.

G.6  Conceptual Framework for Assessing Effects from Secondary Stressors

This conceptual framework describes the potential effects to marine species exposed to stressors
indirectly through impacts on habitat and prey availability (e.g., sediment or water quality, and physical
disturbance). Stressors from United States Department of the Navy training and testing activities could
pose indirect impacts on marine biological resources via indirect effects to habitat or to prey. These
include indirect impacts from (1) explosives, explosives byproducts, and unexploded munitions;

(2) metals; (3) chemicals; and (4) transmission of disease and parasites. The methods used to determine
secondary stressors on marine resources are presented below. Once a category of primary stressor has
been analyzed to determine how a marine biological resource is impacted, an analysis follows of how a
secondary stressor is potentially impacting a marine resource. After the secondary stressors are
identified, a determination on the significance of the secondary impact is made. The same criteria to
determine the level of significance for primary impacts are used for secondary stressors. In addition, it is
possible for a significant primary impact to produce a beneficial indirect impact. For example, sinking
exercises could generate a significant impact on the seafloor and surrounding habitats, while causing a
potential beneficial secondary impact by creating hard-bottom habitat for invertebrates, producing a
food source for fishes, and creating structural refuges for other biological resources.

G.6.1 Secondary Stressors
G.6.1.1 Impacts on Habitat

Primary impacts defined in each marine resource section were used to develop a conceptual model to
predict the potential secondary stressors on each habitat or resource. This conceptual model
incorporated factors such as the co-occurrence of stressors in space and time, the impacts or
assessment endpoints of individual stressors (e.g., habitat alteration, changes in animal behavior or
physiology, injury, mortality, or changes in human use), and the duration and intensity of the impacts of
individual stressors. For example, a secondary stressor from a munitions strike could be habitat
degradation. The primary impact or stressor is the actual strike on the habitat such as the seafloor, with
the introduction of military expended materials, munitions, and fragments inducing further

habitat degradation.

Secondary stressors can also induce additive impacts on habitats. These types of impacts are also
determined by summing the individual stressors with identical and quantifiable assessment endpoints.
For example, if one stressor disturbed 0.25 square nautical miles (NM?) of benthic habitat, a second
stressor disturbed 0.5 NM?, and all other stressors did not disturb benthic habitat, then the total benthic
habitat disturbed would be 0.75 NM?2. For stressors with identical but not quantifiable assessment
endpoints, potential additive impacts were qualitatively evaluated using available scientific knowledge
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and best professional judgment. Other habitat impacts such as underwater detonations were assessed
by size of charge (net explosive weight), charge radius, height above the seafloor, substrate types in the
area, and equations linking all these factors. The analysis also considered that impacts of underwater
explosions vary with the bottom substrate type and that the secondary impacts would also be variable
among substrate types.

G.6.1.2 Impacts on Prey Availability

Assessing the impacts of secondary stressors on prey availability falls into two main areas over different
temporal scales: the cost to an individual over a relatively short amount of time (short-term) and the
cost to an individual or population over a longer period of time (long-term).

G.6.2 Immediate Response and Costs to the Individual

After a primary impact was identified, an analysis of secondary stressors on that resource was initiated.
This analysis examined whether indirect impacts would occur after the initial (primary) impact and at
what temporal scale that secondary stressor would affect the resource (short-term or long-term). An
assessment was then made as to whether the secondary stressor would impact an individual or a
population. For example, an underwater explosion could impact a single resource such as a fish or
multiple other species in the food web (e.g., prey species such as plankton). The analysis also took into
consideration whether the primary impact affected more than an individual or single species. For
example, a prey species that would be directly injured or killed by an explosive blast could draw in
predators or scavengers from the surrounding waters that would feed on those organisms, and in turn
could be more directly susceptible to being injured or killed by subsequent explosions. For purposes of
this analysis, indirect impacts on a resource did not require trophic transfer (e.g., bioaccumulation) in
order to be observed. It is important to note that the terms “indirect” and “secondary” describe how the
impact may occur in an organism or its ecosystem and does not imply reduced severity of
environmental consequences.

G.6.3 Long-Term Consequences to the Individual and Population

Long-term consequences of secondary stressors on an individual or population are often difficult to
determine. Once a primary impact is identified, the severity of that impact helps to determine the
temporal scale at which the secondary stressor can be measured. For most marine resources, the
abundance of prey species near a detonation point would be diminished for a short period (weeks to
months) before being repopulated by animals from adjacent waters. In some extreme cases, recovery of
the habitat or prey resources could occur over a relatively long time frame (months to years). It is
important to note that indirect impacts often differ among resources, spatial, and temporal scales.
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Appendix H Acoustic and Explosive Concepts

This section introduces basic principles and terminology for acoustics and explosives to help the reader
understand the analyses presented in this Supplemental Environmental Impact Statement
(SEIS)/Overseas EIS (OEIS). This section briefly explains the transmission of sound and explosive energy;
introduces some of the basic mathematical formulas used to describe propagation; and defines
acoustical terms, abbreviations, and units of measurement. The difference between transmission of
sound in water and in air is also discussed. Finally, it discusses methods used to analyze what animals
may hear.

A number of other sources provide a more extensive background on acoustics and explosives than
presented in this overview and are recommended for further inquiry. These include, but are not
limited to

e  Marine Mammals and Noise (Richardson et al., 1995) for a general overview

e  Principles of Underwater Sound (Urick, 1983), Fundamentals of Acoustical Oceanography
(Medwin & Clay, 1998), and Principles of Marine Bioacoustics (Au & Hastings, 2008) for
comprehensive explanations of underwater acoustics

H.1 Terminology

The following terms are used in this document when discussing sound and the attributes of a
sound source.

H.1.1 Sound

Sound is produced when an elastic medium (such as air or water) is set into motion, typically by a
vibrating object within the medium. As the object vibrates, its motion is transmitted to adjacent
“particles” of the medium. The motion of these particles is transmitted to adjacent particles, and so on.
The result is a mechanical disturbance (the “sound wave”) that moves away from the source and
propagates at a medium-dependent speed (the “sound speed”). As the sound wave travels through the
medium, the individual particles of the medium oscillate about their original positions but do not
actually move with the sound wave. As the particles of the medium move back and forth, they create
small changes about the original values of the medium density, pressure, and temperature.

Sound may be described by both physical and subjective attributes. Physical attributes, such as sound
amplitude and frequency, may be directly measured. Subjective (or sensory) attributes like loudness
depend on an animal’s perception of sound. Physical attributes of a sound at a particular point are
usually obtained by measuring pressure changes as sound waves pass.

H.1.2 Signal versus Noise

When sound is purposely created to convey information, communicate, or obtain information about the
environment, it is often referred to as a signal. Examples of sounds that could be considered signals are
sonar pings, marine mammal vocalizations and echolocation clicks, tones used in hearing experiments,
and small sonobuoy explosions used for submarine detection.

Noise is undesired sound (American National Standards Institute, 1994). Sounds produced by naval
aircraft and vessel propulsion are considered noise because they represent possible inefficiencies and
increased detectability. Whether a sound is perceived as noise often depends on the receiver (i.e., the
animal or system that detects the sound). For example, small explosives and sonar used to generate
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sounds that can locate an enemy submarine produce signals that are useful to Sailors engaged in
anti-submarine warfare, but are assumed to be noise when detected by marine mammals.

The combination of all sounds at a particular location, whether these sources are located near or far, is
ambient noise (American National Standards Institute, 1994). Ambient noise includes natural sources,
such as sound from crashing waves, rain, and animals (e.g., snapping shrimp), and anthropogenic
sources, such as seismic surveys and vessel noise.

H.1.3 Frequency and Wavelength

Frequency is the physical attribute most closely associated with the subjective attribute “pitch”; the
higher the frequency, the higher the pitch. Frequency is defined by the number of oscillations in the
sound pressure or particle motion per second. One hertz (Hz) is equal to one oscillation per second, and
one kilohertz (kHz) is equal to 1,000 oscillations per second. Human hearing generally spans the
frequency range from 20 Hz to 20 kHz. The frequency range of a sound is called its bandwidth.

Pure tones have energy at a constant, single frequency. Complex tones contain energy at multiple,
discrete frequencies, rather than a single frequency. A harmonic of a sound at a particular frequency is a
multiple of that frequency (e.g., harmonic frequencies of a 2 kHz tone are 4 kHz, 6 kHz, 8 kHz, etc.). A
source operating at a nominal frequency may emit several harmonic frequencies, but at lower
amplitudes. Some sources may also emit subharmonics; however, these are typically many orders of
magnitude less powerful than at the center frequency. Sounds with large bandwidth (“broadband”
sounds) have energy spread across many frequencies.

In this document, sounds are generally described as either low- (less than 1 kHz), mid- (1 kHz—10 kHz),
high- (10 kHz—100 kHz), or very high- (greater than 100 kHz) frequency. Hearing ranges of marine
animals (e.g., fish, birds, sea turtles, and marine mammals) are quite varied and are species-dependent.
For example, some fish can hear sounds below 100 Hz and some species of marine mammals have
hearing capabilities that extend above 100 kHz. Acoustic impact analyses must therefore focus not only
on the sound amplitude (i.e., pressure or particle motion, see Section H.1.4, Sound Amplitude), but on
the sound frequency and the hearing capabilities of the species being considered.

The wavelength of a sound is the distance between wave peaks. Wavelength decreases as frequency
increases. The frequency multiplied by the wavelength equals the speed of sound in a medium, as
shown in this equation:

Frequency (s) x wavelength (m) = sound speed (m/s)

The approximate speed of sound in sea water is 1500 m/s and in air is 340 m/s, although speed varies
depending on environmental conditions (e.g., pressure, temperature, and, in the case of sea water,
salinity; see Section H.3.1 (Speed of Sound).

H.1.4 Sound Amplitude

Sound amplitude is the physical attribute most closely associated with the subjective attribute loudness.
Amplitude is related to the amount that the medium particles oscillate about their original positions and
can be thought of as the “strength” of a sound (as the amplitude increases, the loudness also increases).
As the sound wave travels, the particles of the medium oscillate but do not actually travel with the
wave. The result is a mechanical disturbance (i.e., the sound wave) that propagates away from the
sound source.

H-2
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Sound amplitude is typically characterized by measuring the acoustic pressure or particle motion (see
Section H.2, Sound Metrics).

H.1.5 Impulsive versus Non-Impulsive Sounds

Although no standard definitions exist, sounds may be broadly categorized as impulsive or
non-impulsive. Impulsive sounds have short durations, rapid rise-times, broad frequency content, and
high peak sound pressures. Impulsive sounds are often produced by processes involving a rapid release
of energy or mechanical impacts (Hamernik & Hsueh, 1991). Explosions, air guns, weapon firing, and
impact pile driving are examples of impulsive sound sources analyzed in this document. In contrast,
sonars, vessel operation, vibratory pile driving, and underwater transducers lack the characteristics of
impulsive sources and are thus examples of non-impulsive sound sources. Non-impulsive sounds can be
essentially continuous, such as machinery noise, or intermittent, such as sonar pings.

H.1.6 Acoustic Impedance

Acoustic impedance is a property of the propagation medium (air, water, or tissue) that can be simply
described as the opposition to flow of a pressure wave. Acoustic impedance is a function of the density
and speed of sound in a medium. Sound transmits more readily through materials of similar acoustic
impedance, such as water and animal tissue. When sound waves encounter a medium with different
acoustic impedance (for example, an air-water interface), they reflect and refract (see Sections H.3.3.3,
Refraction; and H.3.3.4, Reflection and Multipath Propagation), creating more complex propagation
conditions. For example, sound traveling in air (low impedance) encountering the water surface (high
impedance) will be largely reflected, preventing most sound energy in the air from being transmitted
into the water. The impedance difference at the tissue-air interface in animals with gas-containing
organs also makes these areas susceptible to damage when exposed to the shock wave near an
explosion, since the transmission from high-impedance to low-impedance can result in large motion at
the boundary.

H.1.7 Duty Cycle

Duty cycle describes the portion of time that a sound source actually generates sound. It is defined as
the percentage of time during which a sound is generated over a total operational time period. For
example, if a sonar source produces a one-second ping once every 10 seconds, the duty cycle is

10 percent. Duty cycles vary among different acoustic sources; in general, a low duty cycle could be
considered 20 percent or less and a high duty cycle 80 percent or higher.

H.1.8 Resonance

Resonance occurs when an object is vibrated at a frequency near its “natural frequency” or resonant
frequency. The resonant frequency can be considered the preferred frequency at which an object will
oscillate at a greater magnitude than when exposed to other frequencies. In this document, resonance is
considered in relation to the size of an air bubble or air cavity in an animal that is exposed to high
pressure waves and the potential for injury. The natural frequencies of dolphin and beluga lungs near
the surface are about 36 Hz and 30 Hz, respectively (Finneran, 2003), the natural frequency of lungs of a
large whale would be lower, while the natural frequency of small air bubbles would be much higher.
Resonant frequencies would tend to increase as an animal dives, since the increased water pressure
would compress an air-filled structure and reduce its size.
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H.2 Sound Metrics

The sound metrics described here are used in this document to quantify exposure to a sound
or explosion.

H.2.1 Pressure

Sound pressure is the incremental variation in a medium’s static pressure as a sound wave travels
through it. Sound pressure is typically expressed in units of pascals (Pa)

(1 Pa=N/m?=10 pbar = 1.45x10™ psi), although explosive overpressure may also be described in
pounds per square inch (psi).

Various sound pressure metrics are illustrated in Figure H-1 for (a) a non-impulsive sound (a pure tone in
this illustration) and (b) an impulsive sound. As shown in Figure H-1, the non-impulsive sound has a
relatively gradual rise in pressure from static pressure (the ambient pressure without the added sound),
while the impulsive sound has a near-instantaneous rise to a high peak pressure. The peak pressure
shown on both illustrations is the maximum absolute value of the instantaneous sound pressure during
a specified time interval (“zero-to-peak” or “peak”), which accounts for the values of peak pressures
below the static (ambient) pressure (American National Standards Institute, 2013). “Peak-to-peak”
pressure is the difference between the maximum and minimum sound pressures. The root-mean-square
(rms) value is often used to describe the average sound pressure level of sounds, and sound pressure
levels provided in this EIS/OEIS are root-mean-square values unless otherwise specified. As the name
suggests, this method takes the square root of the average squared sound pressure values over a time
interval. The duration of this time interval can have a strong effect on the measured rms sound pressure
for a given sound, especially where pressure levels vary significantly, as during an impulsive sound
exposure. If the analysis duration includes a significant portion of the waveform after the sound
pressure has returned to zero, the rms pressure would be relatively low. If the analysis duration includes
only the highest pressures of the impulsive exposure, the rms value would be comparatively high. For
this reason, it is important to specify the duration used to calculate the rms pressure for

impulsive sounds.
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Figure H-1: Various Sound Pressure Metrics for a Hypothetical (a) Pure Tone (Non-Impulsive)
and (b) Impulsive Sound

H.2.2 Sound Pressure Level

The most common sound level metric is sound pressure level (SPL). Because many animals can detect
very large pressure ranges and judge the relative loudness of sounds by the ratio of the sound pressures
(a logarithmic behavior), SPL is described by taking the logarithm of the ratio of the sound pressure to a
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reference pressure. Use of a logarithmic scale compresses the wide range of measured pressure values
into a more useful scale.

Sound pressure levels are normally expressed in decibels. A decibel is 1/10 of a bel, a unit of level when
the logarithm is to the base ten and the quantities concerned are proportional to power (American
National Standards Institute, 2013). Sound pressure level in decibels is calculated as follows:

SPL=20log {Pi}
ref

where P is the sound pressure and P.sis the reference pressure. Unless stated otherwise, the pressure P
is the rms value of the pressure (American National Standards Institute, 2013). In some situations, SPL is
calculated for the peak pressure rather than the rms pressure. On the occasions when rms pressure is
not used, the pressure metric will be stated (e.g., peak SPL means an SPL calculated using the peak
pressure rather than the rms pressure).

When a value is presented in decibels, it is important to also specify the value and units of the reference
quantity. Normally the numeric value is given, followed by the text “re,” meaning “with reference to,”
and the numeric value and unit of the reference quantity. For example, a pressure of 1 Pa, expressed in
decibels with a reference of 1 micropascal (uPa), is written 120 dB re 1 pPa. The standard reference
pressures are 1 puPa for water and 20 pPa for air. The reference pressure for air, 20 pPa, is the
approximate lowest threshold of human hearing. It is important to note that because of the differences
in reference units, the same sound pressures would result in different SPL values for each medium (the
same sound pressure measured in water and in air would result in a higher SPL in water than in air, since
the in-air reference is larger). Therefore, sound pressure levels in air and in water should never be
directly compared.

H.2.3 Sound Exposure Level

Sound exposure level (SEL) can be thought of as a composite metric that represents both the SPL of a
sound and its duration. Individual time-varying noise events (e.g., a series of sonar pings or an impulsive
sound) have two main characteristics: (1) a sound pressure that changes throughout the event and (2) a
period of time during which the source is exposed to the sound. SEL can be provided for a single
exposure (i.e., a single sonar ping or single explosive detonation) or for an entire acoustic event

(i.e., multiple sonar pings or multiple explosive detonations). Cumulative SEL provides a measure of the
net exposure of the entire acoustic event, but it does not directly represent the sound level heard at any
given time. SEL is determined by calculating the decibel level of the cumulative sum-of-squared
pressures over the duration of a sound, with units of dB re 1 micropascal squared seconds (re 1 uPa?-s)
for sounds in water and dB re (20 micropascal) squared seconds [dB re (20 uPa)?-s] for sounds in air.

Some rules of thumb for SEL are as follows:

e The numeric value of SEL is equal to the SPL of a 1-second sound that has the same total energy
as the exposure event. If the sound duration is 1 second, SPL and SEL have the same numeric
value (but not the same reference quantities). For example, a 1 second sound with an SPL of
100 dB re 1 uPa has a SEL of 100 dB re 1 uPa-s.

e If the sound duration is constant but the SPL changes, SEL will change by the same number of
decibels as the SPL.
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e Ifthe SPLis held constant and the duration (T) changes, SEL will change as a function of
10I0g10(T):
0 10logi0(10) = 10, so increasing duration by a factor of 10 raises SEL by 10 dB.
0 10logi0(0.1) =-10, so decreasing duration by a factor of 10 lowers SEL by 10 dB.
0 Since 10 logio(2) = 3, so doubling the duration increases SEL by 3 dB.
0 10logi0(1/2) = -3, so halving the duration lowers SEL by 3 dB.

Figure H-2 illustrates the summation of energy for a succession of sonar pings. In this hypothetical case,
each ping has the same duration and SPL. The SEL at a particular location from each individual ping is
100 dB re 1 puPa%s (red circles). The upper, blue curve shows the running total or cumulative SEL.

120
115} -
cumulative EL
7 110}
a 12 dB
=
o 105 v 948
%, 6dB
o 368 ¥
i 100f ® O O ® 0000000 0 00
4 pings 8 pings 16 pings
2 pings
95F
individual ELs
900 5 10 15 20
ping number

Note: EL = Exposure Level (i.e., Sound Exposure Level)

Figure H-2: Summation of Acoustic Energy from a Hypothetical, Intermittently Pinging,
Stationary Sound Source

After the first ping, the cumulative SEL is 100 dB re 1 puPa?-s. Since each ping has the same duration and
SPL, receiving two pings is the same as receiving a single ping with twice the duration. The cumulative
SEL from two pings is therefore 103 dB re 1 uPa?-s. The cumulative SEL from four pings is 3 dB higher
than the cumulative SEL from two pings, or 106 dB re 1 pPa?-s. Each doubling of the number of pings
increases the cumulative SEL by 3 dB.

Figure H-3 shows a more realistic example where the individual pings do not have the same SPL or SEL.
These data were recorded from a stationary hydrophone as a sound source approached, passed, and
moved away from the hydrophone. As the source approached the hydrophone, the received SPL from
each ping increased, causing the SEL of each ping to increase. After the source passed the hydrophone,
the received SPL and SEL from each ping decreased as the source moved farther away (downward trend
of red line), although the cumulative SEL increased with each additional ping received (slight upward
trend of blue line). The main contributions are from those pings with the highest individual SELs.
Individual pings with SELs 10 dB or more below the ping with the highest level contribute little (less than
0.5 dB) to the total cumulative SEL. This is shown in Figure H-3, where only a small error is introduced by
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summing the energy from the eight individual pings with SEL greater than 185 dB re 1 puPa%-s (black line),
as opposed to including all pings (blue line).
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Note: EL = Exposure Level (i.e., Sound Exposure Level)

Figure H-3: Cumulative Sound Exposure Level under Realistic Conditions with a Moving,
Intermittently Pinging Sound Source

H.2.4 Particle motion

The particles of a medium (e.g., water or air) oscillate around their original position as a sound wave
passes. This motion is quantified using average displacement (m or dB re 1pm), velocity (m/s or dB re 1
nm/s?), and acceleration (m/s?or dB re 1 um/s?) of the particles (Nedelec et al., 2016). Note that particle
velocity is not the same as sound speed, which is how fast a sound wave moves through a medium.
Particle motion is directional, whereas pressure measurement is not (Nedelec et al., 2016).

Far from a sound source and without any boundaries that could cause wave interference, particle
velocity is directly proportional to sound pressure. Closer to a sound source, particle velocity begins to
increase relative to sound pressure. Because this phenomenon is related to wavelength, it may be
relevant only when very close to sound sources with extremely low frequencies.

H.2.5 Impulse

Impulse is a metric used to describe the pressure and time component of a pressure wave. Impulse is
typically only considered for high energy exposures to impulsive sources, such as exposures close to
explosives. Specifically, positive impulse is the time integral of the initial peak positive pressure with
units of Pascal-seconds (Pa-s). Impulse is a measured quantity that is distinct from the term “impulsive,”
which is not a measurement term, but rather describes a type of sound (see Section H.1.5, Impulsive
versus Non-Impulsive Sounds).

H.3 Predicting How Sound Travels

While the concept of a sound wave traveling from its source to a receptor is relatively simple, sound
propagation is quite complex because of the simultaneous presence of numerous sound waves of
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different frequencies and source levels, and other phenomena such as reflections of sound waves and
subsequent constructive (additive) or destructive (cancelling) interferences between reflected and
incident waves. Other factors such as refraction, diffraction, bottom types, and surface conditions also
affect sound propagation. While simple examples are provided here for illustration, the Navy Acoustic
Effects Model used to quantify acoustic exposures to marine mammals and sea turtles takes into
account the influence of multiple factors to predict acoustic propagation (see technical report
Quantifying Acoustic Impacts on Marine Mammals and Sea Turtles: Methods and Analytical Approach
for Phase Il Training and Testing (U.S. Department of the Navy, 2017a)).

H.3.1 Speed of Sound

The speed of sound is not affected by the SPL or frequency of the sound, but rather depends wholly on
characteristics of the medium through which it is passing (e.g., the density and the compressibility).
Sound travels faster through a medium that is harder to compress. For example, water is more difficult
to compress than air, and sound travels approximately 340 m/s in air and 1,500 m/s in seawater.

The speed of sound in air is primarily influenced by temperature, relative humidity, and pressure,
because these factors affect the density and compressibility of air. Generally, the speed of sound in air
increases as air temperature increases.

The speed of sound in seawater also increases with increasing temperature and, to a lesser degree, with
increasing hydrostatic pressure and salinity. Figure H-4 shows an example of how these attributes can
change with depth. In seawater, temperature has the most important effect on sound speed for depths
less than about 300 m. Below 1,500 m, the increasing hydrostatic pressure is the dominant factor
because the water temperature is relatively constant. The variation of sound speed with depth in the
ocean is called a sound velocity profile.
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Figure H-4: Sound Velocity Profile (Sound Speed) Is Related to Temperature, Salinity, and
Hydrostatic Pressure of Seawater

H.3.2 Source Directivity

Most sonar and other active acoustic sources do not radiate sound in all directions. Rather, they emit
sounds over a limited range of angles, in order to focus sound energy on a specific area or object of
interest. The specific angles are sometimes given as horizontal or vertical beam width. Some sources can
be described qualitatively as “forward-looking,” when sound energy is radiated in a limited direction in
front of the source, or “downward-looking,” when sound energy is directed toward the bottom.

H.3.3 Transmission Loss

As a sound wave passes through a medium, the sound level decreases with distance from the sound
source. This phenomenon is known as transmission loss (TL). The transmission loss is used to relate the
source SPL (SL), defined as the SPL produced by a sound source at a distance of one meter, and the
received SPL (RL) at a particular location, as follows:

RL=SL-TL
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The main contributors to transmission loss are as follows (Urick, 1983):

e Geometric spreading of the sound wave as it propagates away from the source
e Sound absorption (conversion of sound energy into heat)
e Scattering, diffraction, multipath interference, and boundary effects

H.3.3.1 Geometrical Spreading Loss

Spreading loss is a geometric effect representing regular weakening of a sound wave as it spreads out
from a source. Spreading describes the reduction in sound pressure caused by the increase in surface
area as the distance from a sound source increases. Spherical and cylindrical spreading are common
types of spreading loss.

In the simple case of sound propagating from a point source without obstruction or reflection, the
sound waves take on the shape of an expanding sphere. An example of spherical spreading loss is shown
in Figure H-5. As spherical propagation continues, the sound energy is distributed over an ever-larger
area following the inverse square law: the pressure of a sound wave decreases inversely with the square
of the distance between the source and the receptor. For example, doubling the distance between the
receptor and a sound source results in a reduction in the pressure of the sound to one-fourth of its
initial value; tripling the distance results in one-ninth of the original pressure, and so on. Since the
surface area of a sphere is 4nr?, where r is the sphere radius, the change in SPL with distance r from the
source is proportional to the radius squared. This relationship is known as the spherical spreading law.
The transmission loss for spherical spreading between two locations is:

TL=20 |Og10 (rz/r1)

where r; and r; are distances from the source. Spherical spreading results in a 6 dB reduction in SPL for
each doubling of distance from the sound source. For example, calculated transmission loss for spherical
spreading is 40 dB at 100 m and 46 dB at 200 m.

Figure H-5: Graphical Representation of the Inverse Square Relationship in Spherical
Spreading
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In cylindrical spreading, spherical waves expanding from the source are constrained by the water surface
and the seafloor and take on a cylindrical shape. In this case the sound wave expands in the shape of a
cylinder rather than a sphere, and the transmission loss is:

TL = 10log1o(ra/r1)

Cylindrical spreading is an approximation of sound propagation in a water-filled channel with horizontal
dimensions much larger than the depth. Cylindrical spreading predicts a 3 dB reduction in SPL for each
doubling of distance from the source. For example, calculated transmission loss for cylindrical spreading
is 30 dB at 1,000 m and 33 dB at 2,000 m.

The cylindrical and spherical spreading equations above represent two simple hypothetical cases. In
reality, geometric spreading loss is more spherical near a source and more cylindrical with distance, and
is better predicted using more complex models that account for environmental variables, such as the
Navy Acoustic Effects Model [see technical report Quantifying Acoustic Impacts on Marine Mammals
and Sea Turtles: Methods and Analytical Approach for Phase Il Training and Testing (U.S. Department of
the Navy, 2017a)].

However, when conducting simple spreading loss calculations in near shore environments, “practical
spreading loss” can be applied, where:

TL = 15log1o(ra/r1)

Practical spreading loss accounts for other realistic losses in the environment, such as absorption and
scattering, which are not accounted for in geometrical spreading.

H.3.3.2 Absorption

Absorption is the conversion of acoustic energy to kinetic energy in the particles of the propagation
medium (Urick, 1983). Absorption is directly related to sound frequency, with higher frequencies having
higher rates of absorption. Absorption rates range from 0.07 dB/km for a 1 kHz sound to about

30 dB/km for a 100 kHz sound. Therefore, absorption is the cause of a significant amount of attenuation
for high and very high frequency sound sources, reducing the distance over which these sources may be
perceived compared to mid- and low-frequency sound sources with the same source level.

H.3.3.3 Refraction

When a sound wave propagating in a medium encounters a second medium with a different density
(e.g., the air-water boundary), part of the incident sound will be reflected back into the first medium
and part will be transmitted into the second medium (Kinsler et al., 1982). The propagation direction will
change as the sound wave enters the second medium; this phenomenon is called refraction. Refraction
may also occur within a single medium if the properties of the medium change enough to cause a
variation in the sound speed. Refraction of sound resulting from spatial variations in the sound speed is
one of the most important phenomena that affect sound propagation in water (Urick, 1983).

As discussed in Section H.3.1 (Speed of Sound), the sound speed in the ocean primarily depends on
hydrostatic pressure (i.e., depth) and temperature. Although the actual variations in sound speed are
small, the existence of sound speed gradients in the ocean has an enormous effect on the propagation
of sound in the ocean. If one pictures sound as rays emanating from an underwater source, the
propagation of these rays changes as a function of the sound speed profile in the water column.
Specifically, the directions of the rays bend toward regions of slower sound speed. This phenomenon
creates ducts in which sound becomes “trapped,” allowing it to propagate with high efficiency for large
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distances within certain depth boundaries. During winter months, the reduced sound speed at the
surface due to cooling can create a surface duct that efficiently propagates sound such as commercial
shipping noise (Figure H-6). Sources located within this surface duct can have their sounds trapped, but
sources located below this layer would have their sounds refracted downward. The deep sound channel,
or sound frequency and ranging (SOFAR) channel, is another duct that exists where sound speeds are
slowest deeper in the water column (600—1,200 m depth at the mid-latitudes).

Similarly, the path of sound will bend toward regions of lower sound speed in air. Air temperature
typically decreases with altitude, meaning sounds produced in air tend to bend skyward. When an
atmospheric temperature inversion is present, air is cooler near the earth’s surface. In inversion
conditions, sound waves near the earth’s surface will tend to refract downward.

O I P T

\ / Sound Channel Surface Duct

Convergence Zone

Bottom
Bounce

Note: 1 kiloyard (kyd) = 0.9 km

Figure H-6: Sound Propagation Showing Multipath Propagation and Conditions for Surface
Duct

H.3.3.4 Reflection and Multipath Propagation

In multipath propagation, sound may not only travel a direct path (with no reflection) from a source to a
receiver, but also be reflected from the surface or bottom multiple times before reaching the receiver
(Urick, 1983). Reflection is shown in Figure H-6 at the seafloor (bottom bounce) and at the water
surface. At some distances, the reflected wave will be in phase with the direct wave (their waveforms
add together) and at other distances the two waves will be out of phase (their waveforms cancel). The
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existence of multiple sound paths, or rays, arriving at a single point can result in multipath interference,
a condition that permits the addition and cancellation between sound waves, resulting in the fluctuation
of sound levels over short distances.

Reflection plays an important role in the pressures observed at different locations in the water column.
Near the bottom, the direct path pressure wave may sum with the bottom-reflected pressure wave,
increasing the exposure. Near the surface, however, the surface-reflected pressure wave may
destructively interfere with the direct path pressure wave, “cutting off” the wave and reducing exposure
(called the Lloyd mirror effect). This can cause the sound level to decrease dramatically within the top
few meters of the water column.

H.3.3.5 Diffraction, Scattering, and Reverberation

Diffraction, scattering, and reverberation are examples of what happens when sound waves interact
with obstacles in the propagation path.

Diffraction may be thought of as the change of direction of a sound wave as it passes around an
obstacle. Diffraction depends on the size of the obstacle and the sound frequency. The wavelength of
the sound must be larger than the obstacle for notable diffraction to occur. If the obstacle is larger than
the wavelength of sound, an acoustic shadow zone will exist behind the obstacle where the sound is
unlikely to be detected. Common examples of diffraction include sound heard from a source around the
corner of a building and sound propagating through a small gap in an otherwise closed door or window.

An obstacle or inhomogeneity (e.g., smoke, suspended particles, gas bubbles due to waves, and marine
life) in the path of a sound wave causes scattering as these inhomogeneities reradiate incident sound in
a variety of directions (Urick, 1983). Reverberation refers to the prolongation of a sound, after the
source has stopped emitting, caused by multiple reflections at water boundaries (surface and bottom)
and scattering.

H.3.3.6 Surface and Bottom Effects

Because the sea surface reflects and scatters sound, it has a major effect on the propagation of
underwater sound in applications where either the source or receiver is at a shallow depth (Urick, 1983).
If the sea surface is smooth, the reflected sound pressure is nearly equal to the incident sound pressure;
however, if the sea surface is rough, the amplitude of the reflected sound wave will be reduced. Sound
waves reflected from the sea surface experience a phase reversal. When the surface-reflected waves
interact with the direct path waves near the surface, a destructive interference pattern is created in
which the received pressure approaches zero.

The sea bottom is also a reflecting and scattering surface, similar to the sea surface. Sound interaction
with the sea bottom is more complex, however, primarily because the acoustic properties of the sea
bottom are more variable and the bottom is often layered into regions of differing density. As sound
travels into the seafloor it reflects off of these different density layers in complex ways. For sources in
contact with the bottom, such as during pile driving or bottom-placed explosives, a ground wave is
produced that travels through the bottom sediment and may refract back into the water column.

For a hard bottom such as rock, the reflected wave will be approximately in phase with the incident
wave. Thus, near the ocean bottom, the incident and reflected sound pressures may add together
(constructive interference), resulting in an increased sound pressure near the sea bottom. Soft bottoms
such as mud or sediment absorb sound waves and reduce the level in the water column overall.
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H.3.3.7 Air-Water Interface

Sound from aerial sources such as aircraft and weapons firing may be transmitted into the water under
certain conditions. The most studied of these sources are fixed-wing aircraft and helicopters, which
create noise with most energy below 500 Hz. Noise levels in water are highest at the surface and are
highly dependent on the altitude of the aircraft and the angle at which the aerial sound encounters the
ocean surface. Transmission of the sound once it is in the water is identical to any other sound as
described in the sections above.

Transmission of sound from a moving airborne source to a receptor underwater is influenced by
numerous factors and has been addressed by Young (1973), Urick (1983), Richardson et al. (1995), Eller
and Cavanagh (2000), Laney and Cavanagh (2000), and others. Sound is transmitted from an airborne
source to a receptor underwater by four principal means: (1) a direct path, refracted upon passing
through the air-water interface; (2) direct-refracted paths reflected from the bottom in shallow water;
(3) evanescent transmission in which sound travels laterally close to the water surface; and

(4) scattering from interface roughness due to wave motion.

When sound waves in air meet the water surface, the sound can either be transmitted across the air-
water boundary or reflected off the water surface. When sound waves meet the water at a
perpendicular angle (e.g., straight down from an in-air source to a flat water surface), the sound waves
are both transmitted directly across the water surface in the same direction of travel and reflected 180°
back toward the original direction of travel. This can create a localized condition at the water surface
where the incident and reflected waves sum, doubling the in-air overpressure (+ 6 dB). As the incident
angle of the in-air sound wave changes from perpendicular, this phenomenon is reduced, ultimately
reaching the angle where sound waves are parallel to the water surface and there is no

surface reflection.

The sound that enters the water is refracted due to the difference in sound velocity between air and
water, as shown in Figure H-7. As the angle of the in-air incident wave moves away from perpendicular,
the direction of travel of the underwater refracted waves becomes closer to parallel to the water
surface. When the incident angle is reached where the underwater refracted sound wave is parallel to
the water surface, all of the sound is reflected back into the air and no sound enters the water. This
occurs at an angle of about 13-14°. As a result, most of the acoustic energy transmitted into the water
through a relatively narrow cone extending vertically downward from the in-air source. The width of the
footprint would be a function of the source altitude. Lesser amounts of sound may enter the water
outside of this cone due to surface scattering (e.g., from water surface waves that can vary the angle of
incidence over an area) and as evanescent waves that are only present very near the surface.
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Figure H-7: Characteristics of Sound Transmission through the Air-Water Interface

If a sound wave is ideally transmitted into water (that is, with no surface transmission loss, such as due
to foamy, wave conditions that could decrease sound entering the water), the sound pressure level
underwater is calculated by changing the pressure reference unit from 20 pPa in air to 1 pPa in water.
For a sound with the same pressure in air and water, this calculation results in a +26 dB sound pressure
level in water compared to air. For this reason, sound pressure levels in water and sound pressure levels
in air should never be directly compared.

H.4 Auditory Perception

Animals with an eardrum or similar structure, including mammals, birds, and reptiles, directly detect the
pressure component of sound. Some marine fish also have specializations to detect pressure changes,
although most invertebrates and many marine fish do not have anatomical structures that enable them
to detect the pressure component of sound and are only sensitive to the particle motion component of
sound. This difference in acoustic energy sensing mechanisms limits the range at which these animals
can detect most sound sources analyzed in this document. This is because far from a sound source

(i.e., in the far field), particle velocity and sound pressure are directly proportional. But close to a source
(i.e., in the near field), particle velocity increases relative to sound pressure and may become more
detectable to certain animals. As sound frequency increases, the wavelength becomes shorter, resulting
in a smaller near field.

Because mammalian ears can detect large pressure ranges and humans judge the relative loudness of
sounds by the ratio of the sound pressures (a logarithmic behavior), sound amplitude is described by the
SPL, calculated by taking the logarithm of the ratio of the sound pressure to a reference pressure (see
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Section H.2.2, Sound Pressure Level). Use of a logarithmic scale compresses the wide range of pressure
values into a more usable numerical scale. On the decibel scale, the smallest audible sound in air (near
total silence) to a human is 0 dB re 20 pPa. If the sound intensity increases by a factor of 10, the SPL
would increase to 10 dB re 20 pPa. If the sound intensity increases by a factor of 100, the SPL would
increase to 20 dB re 20 uPa, and if the sound intensity increases by a factor of 1000, the SPL would be
30 dB re 20 uPa. A quiet conversation has an SPL of about 50 dB re 20 pPa, while the threshold of pain is
around 120-140 dB re 20 pPa.

As described in Section H.2.2 (Sound Pressure Level), SPLs under water differ from those in air because
they rely on different reference pressures in their calculation; therefore, the two should never be
directly compared.

While sound pressure and frequency are physical measure of the sound, loudness is a subjective
attribute that varies with not only sound pressure but also other attributes of the sound, such as
frequency. For example, a human listener would perceive a 60 dB re 20 pPa sound at 2 kHz to be louder
than a 60 dB re 20 pPa sound at 50 Hz, even though the SPLs are identical. This effect is most noticeable
at lower sound pressure levels; however, at very high sound pressure levels, the difference in perceived
loudness at different frequencies becomes smaller.

To account for differences in hearing sensitivity at various frequencies, acoustic risk analyses commonly
use auditory weighting functions—mathematical functions that adjust (or “weight”) received sound
levels across sound frequency based on how the listener’s sensitivity or susceptibility to sound changes
at different frequencies. For humans, the most common weighting function is called “A-weighting” (see
Figure H-8). A-weighted sound levels are specified in units of “dBA” (A-weighted decibels). For example,
if the unweighted received level of a 500 Hz tone at a human receiver was 90 dB re 20 uPa, the
A-weighted sound level would be 90 dB — 3 dB = 87 dBA because the A-weighting function amplitude at
500 Hz is -3 dB. Many measurements of sound in air appear as A-weighted decibels in the literature
because the intent of the authors is to assess noise impacts on humans.

The auditory weighting concept can be applied to other species. When used in analyzing the impacts of
sound on an animal, auditory weighting functions adjust received sound levels to emphasize ranges of
best hearing and de-emphasize ranges of less or no sensitivity. Auditory weighting functions were
developed for marine mammals and sea turtles and are used to assess acoustic impacts. For more
information on weighting functions and their derivation for this analysis see technical report Criteria and
Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) (U.S. Department of the Navy,
2017b).
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Figure H-8: A-weighting for Human Hearing of Sounds in Air (OSHA). The Numbers along the
Curve Indicate How a Received Sound Level Would Be Adjusted at that Frequency.

H.5 Explosives

Explosive materials used in Navy testing and training activities are either (1) “high explosives,”
sometimes referred to as HE, which means that the explosive material has a very fast rate of detonation
(exceeding the speed of sound), or (2) low explosives, which exhibit a relatively slow burn, or
deflagration, such as black powder. Because low explosives are typically used in small quantities and
have less destructive power, the below discussion focuses on high explosives.

This rate of detonation of a high explosive is highly supersonic, producing a high pressure, steep
instantaneous shock wave front travelling through the explosive material. This shock front is produced
by the supersonic expansion of the explosive products, but as the shock front travels away from the
immediate area of the detonation, it begins to behave as an acoustic wave front travelling at the speed
of sound.

The near-instantaneous rise from ambient to an extremely high peak pressure is what makes the
explosive shock wave potentially damaging. The area under this positive pressure duration is calculated
as the positive impulse.

The positive pressure produced by an explosion is also referred to as the overpressure. As the shock
front passes a location, the positive pressure exponentially decays, as shown in Figure H-9. As the shock
front travels away from the detonation, the waveform is stretched — the peak pressure decreases while
the positive duration increases. The reduction in peak pressure reduces the rate at which the positive
impulse is received. Both the reduction in peak pressure and stretching of the positive impulse reduce
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the potential for injury. In addition, absorption losses of higher frequencies over distance results in a
softening of the shock front, such that the rise to peak pressure is no longer near-instantaneous.

PEAK, Py,
V8]
t — POSITIVE IMPULSE
? FRONT
0
: NEGATIVE IMPULSE
AMBIENT, P, s r/ _______________
POSITIVE NEGATIVE
| PHASE | PHASE k
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b 5
TIME AFTER EXPLOSION

Figure H-9: Impulse Shown as a Function of Pressure over Duration at a Specific Location

The peak pressure experienced by a receptor (i.e., an animal) is a function of the explosive material, the
net explosive weight, and the distance from the charge. Net explosive weight is a way to classify and
compare quantities of different explosive compounds. The net explosive weight for a charge is the
energetic equivalent weight of trinitrotoluene (TNT). In general, shock wave effects near an explosive
charge increase in proportion to the cube root of the explosive weight (Young, 1991). For example,
shock wave impacts will double when the explosive charge weight is increased by a factor of eight

(i.e., cube root of eight equals two). This relationship is known as the similarity principle, and the
corresponding similitude equations allow for prediction of various explosive metrics for a given charge
weight and material.

The similitude equations allow for a simple prediction of peak pressure in a uniform free field
environment, and sources are provided below for using these equations for estimating explosive effects
in air and in water. However, at longer distances or in more complex environments with boundaries and
variations in the propagation medium, explosive propagation modeling is preferred.

H.5.1 Explosions in Air

Explosions in air produce an initial blast front that propagates away from the detonation. When
pressure waves from an explosion in air meet the water surface, the pressure wave can be transmitted
across the air-water boundary and reflected off the water surface. When pressure waves in air meet the
water at a perpendicular angle (e.g., straight down from an in-air source to a flat water surface), the
sound waves are both transmitted directly across the water surface in the same direction of travel and
reflected 180° back toward the original direction of travel. For acoustic waves, this can create a localized
condition at the water surface where the incident and reflected waves sum, doubling the in-air
overpressure (+ 6 dB). For shock waves with high incident pressures travelling at supersonic speeds, the
reflection from the water surface depends on the angle of incidence and the speed of the shock wave,

H-18
Appendix H Acoustic and Explosive Concepts



Mariana Islands Training and Testing
Final Supplemental EIS/OEIS June 2020

and the reflected shock wave pressure can be greater than the incident shock wave pressure (Kinney &
Graham, 1985; U.S. Department of the Navy, 1975).

In certain explosive geometries, depending on the size of the explosive and its height of detonation, a
combined shock wave, called a Mach stem, can be created by the summing of the direct and reflected
shock waves at larger angles of incidence (Kinney & Graham, 1985). In instances where this specific
geometry does not occur, only the direct path wave is experienced because there is no surface
reflection (waves are parallel to or angled away from the water surface, such as would occur when an
explosive is detonated at the water surface), or separate direct and reflected pressure waves may

be experienced.

H.5.1.1 Fragmentation

Missiles, rockets, projectiles, and other cased weapons will produce casing fragments upon detonation.
These fragments may be of variable size and are ejected at supersonic speed from the detonation. The
casing fragments will be ejected at velocities much greater than debris from any target due to the
proximity of the casing to the explosive material. Unlike detonations on land targets, detonations during
Navy training and testing would not result in other propelled materials such as crater debris.

Fragment density can be simply assumed to follow an inverse-square law with distance, in which the
possibility of fragment strike is reduced by the square of the distance from the original detonation point.
The forces of gravity and drag will further reduce the likelihood of strike with increasing distance than is
accounted for in the inverse-square relationship (Zaker, 1975). The possible area of strike risk at any
given distance from the detonation point is limited to the surface area of produced fragments, with drag
and gravity reducing the number of produced fragments that travel to greater distances.

H.5.2 Explosions in Water

At the instant of explosion underwater, gas byproducts are generated at high pressure and temperature,
creating a bubble. The heat causes a certain amount of water to vaporize, adding to the volume of the
bubble. This action immediately begins to force the water in contact with the blast front in an outward
direction, creating an intense, supersonic pressure shock wave. As the high-pressure wave travels away
from the source, it slows to the speed of sound and acts like an acoustic wave similar to other impulsive
sources that lack a strong shock wave (e.g., air guns). Explosions have the greatest amount of energy in
lower frequencies below 500 Hz, although energy is present in frequencies exceeding 10 kHz (Urick,
1983). The higher frequency components exhibit more attenuation with distance due to absorption (see
Section H.3.3.2, Absorption).

The shock wave caused by an explosion in deeper water may be followed by several bubble pulses in
which the explosive byproduct gases expand and contract, with correlated high and low pressure
oscillations. These bubble pulses lack the steep pressure front of the initial explosive pulse, but the first
bubble pulse may still contribute to the total energy released at frequencies below 100 Hz (Urick, 1983).
Subsequent bubble pulses contribute little to the total energy released during the explosion (Urick,
1983). If the detonation occurs at or just below the surface, a portion of the explosive power is released
into the air and a pulsating gas bubble is not formed.

The pressure waves from an explosive can constructively add or destructively cancel each other in ocean
environments with multi-path propagation, as described for acoustic waves in Section H.3.3.3
(Refraction) and Section H.3.3.4 (Reflection and Multipath Propagation). The received impulse is
affected by the depth of the charge and the depth of the receiving animal. Pressure waves from the
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detonation may travel directly to the receiver or be reflected off the water surface before arriving at the
receiver. If a charge is detonated closer to the surface or if an animal is closer to the surface, the time
between the initial direct path arrival and the following surface-reflected tension wave arrival is
reduced, resulting in a steep negative pressure cut-off of the initial direct path positive impulse
exposure. Two animals at similar distances from a charge, therefore, may experience the same peak
pressure but different levels of impulse at different depths.
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Appendix |  Geographic Mitigation Assessment

1.1 Introduction

As described in Chapter 5 (Mitigation), the United States (U.S.) Department of the Navy (Navy) will
implement at-sea procedural mitigation, at-sea geographic mitigation, and terrestrial mitigation to avoid
or reduce potential impacts on environmental and cultural resources from training and testing activities
proposed in the Mariana Islands Training and Testing (MITT) Supplemental Environmental Impact
Statement (SEIS)/Overseas Environmental Impact Statement (OEIS) Proposed Action. The purpose of this
appendix is to present an assessment of the potential geographic mitigation (i.e., mitigation
implemented seasonally or year round within defined at-sea mitigation areas) that the Navy considered
to reduce or avoid impacts on marine mammals and sea turtles in the Study Area. The goals of
developing geographic mitigation in this appendix are (1) in combination with procedural mitigation, to
effect the least practicable adverse impact on marine mammal species or stocks and their habitat, and
(2) to ensure that the Proposed Action does not jeopardize the continued existence of endangered or
threatened species.

This appendix includes background information on the areas that the Navy is proposing as geographic
mitigation areas, information on the marine mammals and sea turtles known to occur in each area, and
an assessment of the effectiveness and practicality of implementing mitigation. A summary of the
mitigation areas that the Navy proposes to implement under Alternative 1 or Alternative 2 (Preferred
Alternative) of the Proposed Action as a result of the assessments presented in this appendix is also
included in Section 5.4 (At-Sea Mitigation Areas to be Implemented). The Navy will work collaboratively
with the appropriate regulatory agencies to finalize its mitigation areas through the consultation and
permitting processes and will coordinate with the National Marine Fisheries Service (NMFS) to finalize
the geographic mitigation analyzed in this appendix. Final mitigation measures will be documented in
the Navy Record of Decision, NMFS Marine Mammal Protection Act (MMPA) Final Rule and Letter of
Authorization, and the Endangered Species Act (ESA) Biological Opinions as applicable.

.2 Geographic Mitigation Development Process

See Chapter 5 (Mitigation) for general information on the Navy’s mitigation development process,
including definitions of mitigation terminology, background information pertinent to the overall process,
and information about the mitigation effectiveness and practicality criteria. This section presents
information specific to assessing and developing geographic mitigation for marine mammals and sea
turtles in the Study Area.

The Navy considered areas suggested by the public, governmental agencies, and non-governmental
organizations during the public involvement process. The Navy also considered additional areas that
were informed by Navy-funded studies.

NMFS has not identified Biologically Important Areas for marine mammals in the MITT Study Area
(Ferguson et al., 2015b; Van Parijs et al., 2015). Data informing geographic mitigation area development
and assessment included the operational information described in Section 5.2.4 (Practicality of
Implementation), the best available science discussed in Chapter 3 (Affected Environment and
Environmental Consequences), published literature, and marine species monitoring and density data.
The Navy operational community (i.e., the aviation, surface, subsurface, and special warfare
communities; the research and acquisition community; and training and testing experts), environmental
planners, and scientific experts provided input on the effectiveness and practicality of mitigation.
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The Navy used a comprehensive qualitative method to analyze potential geographic mitigation that
considered a biological assessment of how a potential time and area limitation on Navy activities would
benefit the species or stock and its habitat (e.g., Does a certain area support important biological
functions? Would mitigation in that area result in an avoidance or reduction of impacts?) in the context
of the stressors of concern in the specific area, and an operational assessment of the practicality of
implementation (e.g., including an assessment of the specific importance of that area for training and
testing).

1.2.1 Identification by the Navy of Areas to Consider for Potential Geographic Mitigation

Navy scientists derived the geographic boundaries and applicable timeframes (i.e., seasonal or year
round) for potential areas based on a review of the best available science. The Navy evaluated marine
mammal and sea turtle sighting and satellite tag data to identify locations where species appeared to
concentrate, the timeframes of apparent concentrations, and documented behaviors from available
reports and publications (Ampela et al., 2014; Fulling et al., 2011; Hill et al., 2015a; Hill et al., 2014; Hill
et al., 2015b; Hill et al., 2016a; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2017b; Hill et al., 2018a; Hill
et al., 2018b; Hill et al., 2018c; Hill et al., 2019; Hill et al., 2020; Jones & Van Houtan, 2014a; Jones & Van
Houtan, 2014b; Jones et al., 2015; Jones & Martin, 2016; Klinck et al., 2015; Klinck et al., 2016; Ligon et
al., 2011; Martien et al., 2014; Martin & Jones, 2016; Martin et al., 2018, 2019; Munger et al., 2014;
Munger et al., 2015; National Marine Fisheries Service, 2018, 2019; Nieukirk et al., 2016; Norris et al.,
2015; Norris et al., 2014; Norris et al., 2017; Oleson et al., 2015; Summers et al., 2017; Summers et al.,
2018; Tetra Tech Inc., 2014; U.S. Department of the Navy, 2013, 2018a; Uyeyama, 2014; Yack et al.,
2016). Initially, area boundaries were drawn generally with straight lines and simple shapes, with the
goal that these areas would be relatively easy for operators to plot if they were carried forward for
implementation. Based on additional sighting data received after publication of the Draft SEIS/OEIS and
comments received on the Draft SEIS/OEIS, water depth was incorporated to redefine or partially
redefine area boundaries, as discussed in detail below (National Marine Fisheries Service, 2019).

The Navy named each area considered according to a nearby geographic feature. A list of the areas
identified by the Navy as potential mitigation areas and their applicable resource protection focus and
timeframe is provided in Table I-1. A map showing the location of each area identified as a potential
mitigation area is shown in Figure I-1.

Table I-1: Navy-ldentified Potential Geographic Mitigation Areas

Habitat Considered Protection Focus Applicable Timeframe

Humpback whales Seasonal (December—April

Marpi Reef Area = .p W ( pri)
Marine mammals Year round

Humpback whales Seasonal (December—April

Chalan Kanoa Reef Area - ump v ( pril)
Marine mammals and sea turtles Year round
Agat Bay Nearshore Area Spinner dolphins and sea turtles Year round
North Guam Offshore Area? Marine mammals Year round
Ritidian Point Offshore Area? Marine mammals Year round
Tumon Bay Offshore Area' Marine mammals Year round

IThe Navy reviewed the area and determined that it did not meet the Navy’s criteria as a key area of biological importance
for marine mammals or sea turtles. While sightings and transits of the area by some species were noted in review of
available scientific research, there is currently no information on specific uses for biologically important life processes
beyond normal species broad area occurrence (e.g., the area is not an exclusive feeding area, migration route, or breeding
location).
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Figure I-1: Navy-ldentified Potential Geographic Mitigation Areas
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1.2.2  Assessing Mitigation Effectiveness

The first step in assessing the potential geographic mitigation areas was to use the best available science
to determine if implementing geographic mitigation would effectively help the Navy avoid or reduce
potential impacts associated with the Proposed Action on marine mammals or sea turtles. This appendix
focuses on avoiding or reducing potential impacts from the stressors that have the highest potential for
injurious impacts on marine mammals and sea turtles. Therefore, the Navy focused its assessment on
hull-mounted mid-frequency active sonar and in-water explosives. The Navy considered a geographic
mitigation area to be biologically effective if it met the following criteria:

e The mitigation area is a key area of biological importance: The best available science suggests
that the mitigation area is particularly important to one or more species of marine mammals or
sea turtles for a biologically important life process (e.g., foraging, migration, reproduction); and

¢ The mitigation will result in an avoidance or reduction of impacts: Implementing the mitigation
will likely avoid or reduce potential impacts on species, stocks, or populations of marine
mammals or sea turtles based on data describing their seasonal occurrence and distribution,
spatial density, and behaviors in the Study Area. Furthermore, implementing the mitigation
would not shift or transfer adverse impacts from one species to another (e.g., to a more
vulnerable or sensitive species).

While this appendix focuses on marine mammals and sea turtles, geographic mitigation may provide
potential benefits to other marine resources known to occur in each area, such as marine invertebrates
and fishes. Additional information on the Navy’s mitigation effectiveness criteria is presented in Section
5.2.2 (At-Sea Mitigation Area Development).

1.2.3  Assessing Practicality of Implementation

In the next step of the mitigation assessment process, the Navy operational community conducted an
extensive and comprehensive analysis to determine how and to what degree the implementation of
geographic mitigation areas would impact planning, scheduling, and conducting safe training and testing
activities as described under the Proposed Action. Conducting the proposed training and testing
activities is necessary for the Navy to fulfill its Title 10 requirements, ensuring naval forces are ready to
execute the range of military operations required by operational Commanders. The Navy considered a
mitigation measure to be practical to implement if it met all criteria discussed in Section 5.2.4
(Practicality of Implementation) for safety, sustainability, and mission requirements.

1.3  Geographic Mitigation Assessment — Areas Proposed for Implementation

The Navy determined that three of the six potential geographic mitigation areas met the criteria
presented in Section 1.2.2 (Assessing Mitigation Effectiveness) and Section 1.2.3 (Assessing Practicality of
Implementation). These three areas (Marpi Reef Geographic Mitigation Area, Chalan Kanoa Reef
Geographic Mitigation Area, and Agat Bay Nearshore Geographic Mitigation Area) are the three
mitigation areas proposed for implementation and described in detail in this appendix. The three other
potential mitigation areas (Ritidian Point Offshore Area, Tumon Bay Offshore Area, and North Guam
Offshore Area) considered in this appendix did not meet the Navy’s criteria because, based on the
available data, the areas are not key areas of biological importance for any marine mammal or sea turtle
species (i.e., there is no documented evidence of exclusive use for calving, feeding, breeding, or
migration).
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The following discussion of each of the three geographic mitigation areas includes a physical description
of the area, details on how and why the area was identified, information on Navy training and testing
activities potentially occurring in the area, and a mitigation assessment. The mitigation assessment uses
information presented in Sections 3.4 (Marine Mammals) and 3.5 (Sea Turtles) to assess the
effectiveness of geographic mitigation in reducing or avoiding impacts on these resources, and uses
information presented in Chapter 2 (Description of Proposed Action and Alternatives) and Appendix A
(Training and Testing Activities Descriptions) to assess practicality of implementation and impacts on the
effectiveness of military readiness activities. The Navy considered both the potential benefit to
resources and the practicality of implementing the mitigation when determining which areas to propose
as geographic mitigation areas. Additional information on the three mitigation areas and the three
potential mitigation areas is contained in the administrative record for this SEIS/OEIS.

I1.3.1 Marpi Reef Geographic Mitigation Area

The Marpi Reef Geographic Mitigation Area is located approximately 11 kilometers (km) north of Saipan
at its closest point and covers approximately 33 square kilometers (km?). As shown in Figure I-2, this is
an observed area of concentration and reproductive behavior for humpback whales based on sightings
documented during a broad area line transect survey in 2007 (Fulling et al., 2011) and during non-
systematic small boat surveys occurring from 2010 through spring of 2019 (HDR, 2011; HDR EOC, 2012;
Hill et al., 2014; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Hill et al., 2018c; Hill et al., 2020;
Ligon et al., 2011; National Marine Fisheries Service, 2019). Navy scientists reviewed these sighting data
using a Geographic Information System, and a straight-line boundary was drawn to encompass the area
of known concentration at Marpi Reef.

Based on additional data and comments received after publication of the Draft SEIS/OEIS, the
straight-line boundary of the Marpi Reef Geographic Mitigation Area that had been presented in the
Draft SEIS/OEIS was redefined as the 400 m isobath encompassing Marpi Reef (National Marine
Fisheries Service, 2019). This updated Marpi Reef Geographic Mitigation Area encompasses sightings of
humpback whale mother-calf pairs and whales exhibiting competitive behaviors associated with
reproduction (Figure I-2). The depth range, extending to 400 m, is consistent with observations of
mother-calf pairs and competitive behaviors at known humpback whale reproductive areas in Hawaii
(Pack et al., 2017).

1.3.1.1 Resources within the Marpi Reef Geographic Mitigation Area

The Marpi Reef Geographic Mitigation Area was developed based on the seasonal presence of
humpback whales; however, other biological resources have been observed or are expected to be
present at Marpi Reef, including other marine mammals, sea turtles, invertebrates including corals, and
fishes. Those resources are discussed in detail in the following sections of this SEIS/OEIS: Section 3.4
(Marine Mammals), Section 3.5 (Sea Turtles), Section 3.8 (Marine Invertebrates), and Section 3.9
(Fishes).

As shown in Table I-2, five marine mammal species have been documented in the Marpi Reef
Geographic Mitigation Area either through sightings or satellite tag detections (Fulling et al., 2011; HDR,
2011; HDR EOC, 2012; Hill et al., 2014; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Hill et al.,
2018c; Hill et al., 2020; Ligon et al., 2011). Species documented in the Marpi Reef Geographic Mitigation
Area include humpback whale, spinner dolphin, bottlenose dolphin, short-finned pilot whale, and false
killer whale. Sea turtles have not been reported in the Marpi Reef Geographic Mitigation Area.

Appendix | Geographic Mitigation Assessment



Mariana Islands Training and Testing
Final Supplemental EIS/OEIS June 2020

145°50'E

15°30'N

Philippine Sea

Pacific Ocean

15°20'N

Sightings

Humpback Whale

“ Mother-Calf Pair
Humpback Whale

. Competitive Behavior
Humpback Whale

®  Observation

Legen

Updated Isobath (m)
Mitigation Area 0 2 4 km
-200 / [
~— Draft | s e
Mitigation Area —— 400 N 0 1 2NM
Fish regation 1:175,000
D evicAeg?F AgD) St T -1000 Coordinate System: WGS 1984

Data Sources; See Appendix |

MITmit07815v11

Figure I-2: Updated Marpi Reef Geographic Mitigation Area
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Table I-2: Marine Mammals Documented Within the Marpi Reef Geographic Mitigation Area

Common Name 2007 | 2010 | 2011 | 2012 | 2013 | 2014 | 2016 | 2017 | 2018
Humpback whale S S S S
Spinner dolphin S S S S S S S S S
Bottlenose dolphin S+T S S
Short-finned pilot whale S+T S+T S+T S
False killer whale T

Notes: S = One or more sightings during a survey in the area; T = one or more satellite tag
detections; S+T = one or more sightings and satellite tag detections in a given year; empty cells
indicate no documented occurrence of the species in the given year; years not shown indicate that
no surveys were conducted in the area in that year.

1.3.1.1.1 Marine Mammals

1.3.1.1.1.1 Humpback Whales

While all species of marine mammals described in this SEIS/OEIS could occur at Marpi Reef, the Marpi Reef
Geographic Mitigation Area was specifically developed to avoid or reduce potential impacts on seasonally
present humpback whales engaged in reproductive behaviors (e.g., breeding, birthing, and nursing).

Humpback whales have been observed during four surveys in the vicinity of Saipan, in relatively small
numbers, with multiple sightings documented within the Marpi Reef Geographic Mitigation Area (Fulling
et al., 2011; Hill et al., 2015a; Hill et al., 2014, Hill et al., 2015b; Hill et al., 2016b; Hill et al., 2017a; Hill et
al., 2018b; Oleson & Hill, 2010a).

Humpback whales have occasionally been observed seasonally during winter and spring (December-
April) throughout the Mariana Islands by local fisherman, dive-tour operators, and during marine
mammal surveys (Hill et al., 2015a; Hill et al., 2016a; U.S. Department of the Navy, 2005; Uyeyama,
2014). Humpback whales have been sighted during surveys in the vicinity of Saipan in the months of
February and March (Fulling et al., 2011; Hill et al., 2015a; Hill et al., 2016b; Hill et al., 2017a; Hill et al.,
2018b). It remains unclear if humpback whales are simply transiting through the Study Area or use
portions of the Study Area as a wintering location (Hill et al., 2016a). Given the species’ absence in the
waters off Saipan, Tinian, and Guam during any of the surveys that occurred between February 2010
and April 2014 (Hill et al., 2015a), their seasonal presence may be variable in the Mariana Islands even in
the vicinity of Marpi Reef.

In the 2007 survey of the region, there were eight humpback whales observed in the Marpi Reef
Geographic Mitigation Area, but no calves were observed (Fulling et al., 2011). The next surveys to
encounter humpback whales in the Mariana Islands occurred from February 26, 2015 to March 8, 2015,
when four mother-calf pairs and four other individual humpback whales were observed at Chalan Kanoa
Reef (Hill et al., 2015a; Hill et al., 2016b). During the subsequent NMFS Mariana Archipelago Cetacean
Survey two months later (May 8 to June 6, 2015), survey transects sampling all the Mariana Islands out
to 50 NM from shore detected no humpback whales visually or acoustically in the Mariana Islands (Hill
et al., 2018c; Oleson, 2017). Humpback whales were observed at Marpi Reef again the following year.
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Eight humpback whales were sighted on March 2, 2016, including two mother-calf pairs, and on March
10, 2016, six humpback whales were sighted, also including two mother-calf pairs (Hill et al., 2017a). At
Marpi Reef in 2017, a total of 21 humpback whales were sighted over two days of effort, but no calves
were observed (Hill et al., 2018b). For the broader area around Saipan, humpback whales were
encountered in the 2017 surveys off Marpi Reef, Chalan Kanoa Reef, or off the northwest side of Saipan
between the two reefs. Sightings included mother-calf pairs, one accompanied by an escort, and other
humpbacks in competitive groups (Hill et al., 2018b). Humpback whales engaged in reproductive
activities or in the company of calves are generally found at or near the surface and therefore more
readily observable from survey vessels, so it is unlikely that humpbacks were present and were
unobserved.

In 2007 and in all subsequent surveys, all age classes of humpbacks have been observed in the Mariana
Islands, including calves (Fulling et al., 2011; Hill et al., 2015a; Hill et al., 2016a; Hill et al., 2018b; Hill et
al., 2018c). These surveys have documented behaviors (e.g., escorting, competitive groups) consistent
with known humpback whale reproductive activities in other locations (Gabriele et al., 2017; Pack et al.,
2017; U.S. Department of Commerce et al., 2015), and in 2018 NMFS confirmed that the waters around
Saipan are a newly identified “breeding location” for humpback whales (National Oceanic and
Atmospheric Administration, 2018).

Based on a compendium of all observations, humpback whales have been sighted in the Study Area
from January through March (Hill et al., 2018d; Hill et al., 2020; U.S. Department of the Navy, 2005;
Uyeyama, 2014), and male humpback songs have been recorded from December through April (Hill et
al., 2017a; Klinck et al., 2016; Munger et al., 2014; Norris et al., 2014; Oleson et al., 2015). Except for the
potential presence of a few individual humpback whales at any time during the year or when migrating
to or from summer feeding areas in the North Pacific, humpback whales will most likely occur in the
vicinity of the Mariana Islands in relatively shallow waters during the December to April timeframe. For
the purposes of establishing geographic mitigation and based on a conservative approach extending
beyond the time periods for sightings in the Mariana Islands (Fulling et al., 2011; Hill et al., 2016a; Hill et
al., 2017a; Hill et al., 2017b; Hill et al., 2018b; Hill et al., 2018c), humpback whales are assumed to be
seasonally present from December through April in the Marpi Reef Geographic Mitigation Area.

1.3.1.1.1.2 Spinner Dolphins

In 2017, spinner dolphins were sighted at Marpi Reef in group sizes that ranged between 25 and 110
individuals (Hill et al., 2018b). Spinner dolphins have been the most commonly encountered marine
mammal species in small boat surveys since 2010 (Hill et al., 2018b; Hill et al., 2018c). As shown in Table
I-2, spinner dolphins have been sighted in every year that a survey of the Marpi Reef area has occurred,
present in the months of at least February through September (Fulling et al., 2011; HDR, 2011; HDR EOC,
2012; Hill et al., 2014; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Ligon et al., 2011). Spinner
dolphin behaviors observed most often at this location include milling or approaches to the survey boat
to bow-ride (Hill et al., 2018b). The behaviors of these animals and their common occurrence
throughout the Mariana Islands suggest that the Marpi Reef Geographic Mitigation Area is of no
particular biological importance for this species.

1.3.1.1.1.3 Bottlenose Dolphins

Bottlenose dolphins were sighted in the Marpi Reef Geographic Mitigation Area in 2013, 2017, and
2018, in groups of two to eight individuals. A satellite tag was deployed on a bottlenose dolphin off
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Aguijan in 2013, and that individual moved through the Marpi Reef Geographic Mitigation Area and
continued north to waters south of Sarigan (Hill et al., 2014), which is a distance of approximately

200 km. This is consistent with findings from other bottlenose dolphin tagging efforts in the Mariana
Islands (Hill et al., 2013b; Hill et al., 2014; Hill et al., 2015b; Hill et al., 2016b; Hill et al., 2017a; Hill et al.,
2018b) indicating that bottlenose dolphins are wide-ranging across the Mariana Islands. During the 2017
encounter, it was noted the bottlenose dolphins were interacting with the humpback whales and

short finned pilot whales that were also present at Marpi Reef (Hill et al., 2018b). The wide-ranging
movements of these animals suggest that no specific islands or areas in the Mariana Islands are of any
particular biological importance for this species.

1.3.1.1.1.4 Short-Finned Pilot Whales

Short-finned pilot whales were sighted and detected via satellite tag in the Marpi Reef Geographic
Mitigation Area from 2013 through 2017 (Hill et al., 2013b; Hill et al., 2014; Hill et al., 2015b; Hill et al.,
2016b; Hill et al., 2017a; Hill et al., 2018b). During the 2017 survey, a pod of approximately 35 short-
finned pilot whales was observed interacting with bottlenose dolphins and humpback whales (Hill et al.,
2018b). Satellite tag location data for short-finned pilot whales indicate that these animals also range
widely across the Mariana Islands and that no specific islands or areas in the Mariana Islands are of any
particular biological importance for this species.

1.3.1.1.1.5 False Killer Whales

False killer whales have not been sighted within the Marpi Reef Geographic Mitigation Area during any
surveys. In 2013, satellite tags were deployed on four false killer whales off Rota in pods with a group
size ranging from 15 to 17 individuals (Hill et al., 2013b). Only one of these four tagged individuals
moved north and through the Marpi Reef Geographic Mitigation Area, but all four individuals traveled in
excess of 200 NM from their initial tag detection locations off Rota (Hill et al., 2013b). The wide-ranging
movements provided by these tag data indicate no particular islands or areas of importance for the
species in the Mariana Islands.

1.3.1.1.2 Sea Turtles

Sea turtles could be present in the vicinity of the Marpi Reef area (Martin & Jones, 2016; Martin et al.,
2016; Martin et al., 2018, 2019; U.S. Department of the Navy, 2018a). Sea turtles have not been sighted
within the boundaries of the Marpi Reef Geographic Mitigation Area during any of the surveys
conducted to date (HDR, 2011, 2012; HDR EOC, 2012; Hill et al., 2011; Hill et al., 2013a; Hill et al., 2014;
Hill et al., 2015b; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Ligon et al., 2011; Martin et al.,
2019; Oleson & Hill, 2010a) and have not transited through the area based on the satellite tag
detections recorded since 2013 (Jones & Van Houtan, 2014b; Jones et al., 2015; Jones & Martin, 2016;
Martin & Jones, 2016; Martin et al., 2016; Martin et al., 2018, 2019).

The available data indicate that the Marpi Reef Geographic Mitigation Area does not meet the Navy’s
criteria as a key area of biological importance for sea turtles.

1.3.1.2 Navy Training and Testing Activities — Marpi Reef Geographic Mitigation Area

The Marpi Reef Geographic Mitigation Area has historically been a low-use area for Navy training and
testing activities. Explosive munitions have not been used in this area, nor has sonar use been reported
in this area. However, transiting vessels could engage in training or testing activities within this area
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using sonar or explosives while implementing procedural mitigation measures and following Standard
Operating Procedures to ensure public safety.

1.3.1.3 Mitigation Assessment — Marpi Reef Geographic Mitigation Area
1.3.1.3.1 Biological Assessment — Marpi Reef

NMFS has concluded that the waters around Saipan are a newly identified “breeding location” for
humpback whales (National Marine Fisheries Service, 2019; National Oceanic and Atmospheric
Administration, 2018). Based on the non-systematic survey data described above indicating that
humpback whales, including mother-calf pairs, are seasonally present on a non-annual basis in the
Marpi Reef Geographic Mitigation Area, the area may be of biological importance to humpback whales
for biologically important life processes associated with reproduction (e.g., breeding, birthing, and
nursing) for part of the year. Marpi Reef is one of only two locations in the Study Area where
reproductive activities have been repeatedly, although not always annually, observed. Additional data
would help refine frequency of occurrence in terms of oceanographic variability, validate re-sightings of
the same individuals as a percent of a humpback whale distinct population segment, and determine if
actual residency time for mother-calf pairs at Marpi Reef is significant or not. This is different from
others areas in the Pacific, such as Hawaii or the U.S. West Coast, where datasets of 30—40 years are
available and where far larger numbers of animals engaged in biologically important life processes have
been observed. However, in consideration of the scientific data that are available at this time for the
Study Area the Navy considers that this area does meet its criteria as an area of biological importance
for humpback whale reproductive behaviors. The data do not indicate that the Marpi Reef Geographic
Mitigation Area is of any particular importance for other marine mammal species that may occur there.

As detailed in Section 3.4.2 (Environmental Consequences) of this SEIS/OEIS and based on the discussion
above, the proposed Navy training and testing activities described in Chapter 2 (Description of Proposed
Action and Alternatives) and Appendix A (Training and Testing Activities Descriptions) are not expected
to result in long-term consequences to any marine species present in the Marpi Reef Geographic
Mitigation Area. Geographic mitigation limiting training and testing activities would likely reduce or
avoid potential impacts on marine mammals present in the Marpi Reef Geographic Mitigation Area in
the event that naval forces conduct training or testing activities using hull-mounted mid-frequency
active sonar or in-water explosives.

1.3.1.3.2 Practicality of Geographic Mitigation — Marpi Reef Geographic Mitigation Area

Access to a variety of bathymetric features, including shallow areas, is critical to support realistic
Anti-Submarine Warfare training and testing activities using sonar. Areas with shallow depths are limited
in the Mariana Archipelago; therefore, the Navy has determined that it would be imprudent to limit the
use of sonar at the Marpi Reef Geographic Mitigation Area.

The Navy has access to established, nearshore training and testing areas for the use of explosive
munitions; therefore, the Navy has determined that it would be practical to avoid using explosives in the
Marpi Reef Geographic Mitigation Area.

1.3.1.3.3 Summary — Marpi Reef Geographic Mitigation Area

As a result of the assessment of the Marpi Reef Geographic Mitigation Area, the Navy is proposing to
implement geographic mitigation, limit surface ship hull-mounted MF1 mid-frequency active sonar
hours, and to report sonar use as described in Table I-3. Geographic mitigation would reduce or avoid
impacts on any marine mammals or sea turtles present in the event mission requirements necessitate
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using active sonar while conducting a training or testing activity. Given that Marpi Reef is an area for
humpback whale reproductive behaviors, the Navy has limited MF1 sonar hours from 1 December to 30
April and developed special reporting requirements, similar to those employed in the Hawaiian
Humpback Whale Sanctuary, specifically for the use of MF1 sonar, which will aid the Navy and NMFS in
continuing to analyze potential impacts of training and testing in this area. The Navy must retain its
ability to conduct active sonar in the limited shallow, nearshore waters of the MITT Study Area,
including Marpi Reef, to ensure vessels can meet training and testing requirements for MF1 surface ship
hull-mounted mid-frequency active sonar. The Navy must have the capability to train and test in a
shallow water environment to accommodate future advances in sonar technology and anti-submarine
warfare tactics.

Based on current operational projections and the availability of other similar, suitable training and
testing locations in the Study Area, the Navy has determined that it would be practical to avoid using
explosives in the Marpi Reef Geographic Mitigation Area year round under the Proposed Action. Such
geographic mitigation would ensure that marine mammals are not exposed to explosives in this area,
which is thought to be particularly important for humpback whale reproductive behaviors.

Table I-3: Mitigation Within the Marpi Reef Geographic Mitigation Area

Mitigation Area Description

Stressor or Activity
e Surface ship hull-mounted mid-frequency active sonar (bin MF1)
e In-water explosives

Identified Resource Protection Focus
e  Humpback whales; seasonally present (December — April)

e Marine mammals; potentially present year round

Mitigation Area Requirements’

e  The Navy will conduct a maximum combined total of 20 hours of surface ship hull-mounted MF1 mid-
frequency active sonar during training and testing from 1 December to 30 April within the Marpi Reef
Mitigation Area and Chalan Kanoa Reef Mitigation Area. The Navy will report the total hours of active
sonar (all bins, by bin) used in the Marpi Reef Mitigation Area and Chalan Kanoa Reef Mitigation Area
from 1 December to 30 April in its annual training and testing activity reports submitted to NMFS. Should
national security present a requirement to use surface ships hull-mounted MF-1 mid-frequency active
sonar between 1 December to 30 April, the Navy will provide NMFS with advance notification of the
activity.

e The Navy will not use in-water explosives in the Marpi Reef Mitigation Area year-round.

e The Navy will issue an annual seasonal awareness notification message to alert ships and aircraft
operating in the Marpi Reef Mitigation Area to the possible presence of increased concentrations of
humpback whales from 1 December through 30 April. To maintain safety of navigation and to avoid
interactions with large whales during transits, the Navy will instruct vessels to remain vigilant to the
presence of humpback whales, that when concentrated seasonally, may become vulnerable to vessel
strikes. Platforms will use the information from the awareness notification messages to assist their visual
observation of applicable mitigation zones during training and testing activities and to aid in the
implementation of procedural mitigation.

1 Should national security present a requirement to conduct training or testing prohibited by the mitigation requirements specified in this
table, naval units will obtain permission from the appropriate designated Command authority prior to commencement of the activity. The
Navy will provide NMFS with advance notification and include relevant information (e.g., sonar hours, explosives use) in its annual activity
reports submitted to NMFS.
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I1.3.2  Chalan Kanoa Reef Geographic Mitigation Area

The Chalan Kanoa Reef! includes exposed fringing reef, reef flats exposed at low tide, nearshore shallow
waters (less than 20 meters in depth), and a portion of Saipan Harbor. The area extends about 0.4 to
approximately 12 km off the west coast of Saipan and covers approximately 102 km?, as shown in Figure
I-3. This area was developed to encompass the relative concentration of total marine mammal sightings
and tag detections as observed and documented between 2007 and 2018, which included seasonal (in
February and March) humpback whale sightings documented during non-systematic small boat surveys
occurring in 2015 through March 2018 (Fulling et al., 2011; Hill et al., 2014; Hill et al., 2015b; Hill et al.,
2016b; Hill et al., 2017a; Hill et al., 2018b; Hill et al., 2018c; Hill et al., 2020; Oleson & Hill, 2010a). Navy
scientists reviewed the locations of sightings and tag detections using a Geographic Information System,
and delineated a straight-line boundary to encompass the area of highest concentration at Chalan Kanoa
Reef with a particular emphasis on including humpback whale sightings. As with the Marpi Reef
Geographic Mitigation Area, based on additional data and comments received after publication of the
Draft SEIS/OEIS, the boundary of the Chalan Kanoa Reef Geographic Mitigation Area was partially
redefined using water depth; the offshore boundary of the mitigation area follows the 400 m isobath
(National Marine Fisheries Service, 2019). The 400 m isobath was chosen as the boundary because all
mother-calf pairs and all males exhibiting reproductive behaviors sighted during surveys occurred within
it. The depth range, extending to 400 m, is consistent with observations of mother-calf pairs and
competitive behaviors at known humpback whale reproductive areas in Hawaii (Pack et al., 2017).

I1.3.2.1 Resources within the Chalan Kanoa Reef Geographic Mitigation Area

The Chalan Kanoa Reef Geographic Mitigation Area was developed based on the seasonal presence of
humpback whales, observed behaviors associated with reproduction, and sightings and tag detections of
other marine mammals and sea turtles. Other biological resources have been observed or are expected
to be present at Chalan Kanoa Reef, including corals, other invertebrates, and fishes. These resources
are discussed in detail in the following sections of this SEIS/OEIS: Section 3.4 (Marine Mammals), Section
3.5 (Sea Turtles), Section 3.8 (Marine Invertebrates), and Section 3.9 (Fishes). Seven marine mammal
species have been sighted or detected via satellite tag in the area: humpback whale, spinner dolphin,
bottlenose dolphin, short-finned pilot whale, false killer whale, rough-toothed dolphin, and pygmy killer
whale (Table I-4). Sea turtles have also been sighted in the Chalan Kanoa Reef Geographic Mitigation
Area, but not all observations identified the specific species. Based on sea turtle surveys conducted
throughout the Mariana Islands, the most likely species observed were green sea turtles and hawksbill
sea turtles (Hill et al., 2018b; Hill et al., 2019; Martin et al., 2016; Martin et al., 2019; U.S. Department of
the Navy, 2014b).

! Chalan Kanoa Reef is also known as “CK Reef,” “Double Reef,” or “6-Mile Reef” (Hill et al., 2015a).
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Figure I-3: Updated Chalan Kanoa Reef Geographic Mitigation Area

1-13
Appendix | Geographic Mitigation Assessment



Mariana Islands Training and Testing
Final Supplemental EIS/OEIS June 2020

Table I-4: Marine Mammals and Sea Turtles Documented Within the Chalan Kanoa Reef
Geographic Mitigation Area

Common Name 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Humpback whale S S S S
Spinner dolphin S S S S S S S
Bottlenose dolphin S+T S+T S S
Short-finned pilot whale T T T
False killer whale T
Rough-toothed dolphin S+T S
Pygmy killer whale S
Sea Turtle S S S S

Notes: S = One or more sightings during a survey in the area; T = one or more satellite tag detections;
S+T = one or more sightings and satellite tag detections in a given year; empty cells indicate no
documented occurrence of the species in the given year; years not shown indicate that no surveys
were conducted in the area in that year.

1.3.2.1.1 Marine Mammals

Surveys and satellite tag data have documented the presence of seven marine mammal species in the
Chalan Kanoa Reef Geographic Mitigation Area (Fulling et al., 2011; Hill et al., 2015a; Hill et al., 2014; Hill
et al., 2015b; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Hill et al., 2019; Oleson & Hill, 2010a).
However, the Navy assumes all species of marine mammals known to occur in the Mariana Islands could
potentially be present, if only briefly, in the offshore portion of the Chalan Kanoa Reef Geographic
Mitigation Area, because sighting and tagging data show multiple species have transited through or near
the area (Hill et al., 2013b; Hill et al., 2015b; Hill et al., 2018b; Hill et al., 2019). It is unlikely marine
mammals other than spinner dolphins would be present in the shallow waters landward of the fringing
reef, in Saipan Harbor, or the channel leading to the harbor. Spinner dolphins have been sighted within
these inshore areas, likely using them as resting areas, consistent with behavior documented in similar
habitats (Hill et al., 2015b; Hill et al., 2017a; Hill et al., 2018b).

1.3.2.1.1.1 Humpback Whales

Humpback whales have been observed during four surveys in the vicinity of Saipan in relatively small
numbers, and multiple sightings have been documented within the Chalan Kanoa Reef Geographic
Mitigation Area in 2015 and 2017 (Fulling et al., 2011; Hill et al., 2015a; Hill et al., 2014; Hill et al., 2015b;
Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Oleson & Hill, 2010a). Four encounters with
humpback whales during surveys in the vicinity of Saipan occurred in February and March (Fulling et al.,
2011; Hill et al., 2015a; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b). Hill et al. (2016b; 2017b)
proposed that humpback whales use the Mariana Islands as a wintering location, but given the species’
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absence during surveys in the waters off Saipan, Tinian, and Guam in February 2010 and in April 2014
(Hill et al., 2015a), their seasonal presence may be variable in the Mariana Islands.

In 2015, during small boat surveys conducted over a nine-day period, a total of 12 humpback whales
were encountered in the Chalan Kanoa Reef Geographic Mitigation Area, including four mother-calf
pairs (Hill et al., 2015a). In 2016, two humpbacks, a single mother-calf pair, were sighted in the area. The
mother that was detected and photographed in 2007 at Marpi Reef (Fulling et al., 2011) was identified
in the Chalan Kanoa Reef Geographic Mitigation Area in 2016 by matching patterns observed on her
flukes with those in the photographs (Hill et al., 2016b). In a 2017 survey, nine humpback whales,
including two mother-calf pairs, were documented during three encounters in the Chalan Kanoa Reef
Geographic Mitigation Area (Hill et al., 2018b). Three of the nine whales had been identified during
previous surveys in the vicinity of the Chalan Kanoa Reef (Hill et al., 2018b). As detailed in the discussion
of the Marpi Reef Geographic Mitigation Area (Section 1.3.1.1.1.1, Humpback Whales), NMFS has
confirmed that the waters around Saipan are a newly identified breeding location for humpback whales
(National Oceanic and Atmospheric Administration, 2018). For purposes of geographic mitigation and
based on a conservative approach exceeding the time periods for sightings in the Mariana Islands
(Fulling et al., 2011; Hill et al., 2015a; Hill et al., 2014; Hill et al., 2015b; Hill et al., 2016b; Hill et al.,
2017a; Hill et al., 2018b; Oleson & Hill, 2010a), humpback whales are assumed to be seasonally present
from December through April in the Chalan Kanoa Reef Geographic Mitigation Area.

1.3.2.1.1.2 Spinner Dolphins

Spinner dolphins are the most commonly encountered species in small boat surveys and have been
sighted in the Chalan Kanoa Reef Geographic Mitigation Area during every survey that has been
conducted in the area, except during the winters of 2011 and 2015 (HDR EOC, 2012; Hill et al., 2011; Hill
et al., 2013a; Hill et al., 2014; Hill et al., 2015b; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Hill
et al., 2019). During small boat surveys, group sizes in the Chalan Kanoa Reef Geographic Mitigation
Area have ranged from as few as four individuals in a pod to as many as 124 in the largest group
observed. Milling behavior and slow travel were the most commonly observed behaviors and indicate
spinner dolphin resting behavior, as documented in other locations (Tyne et al., 2015).

1.3.2.1.1.3 Bottlenose Dolphins

Small groups of bottlenose dolphins were routinely sighted in the years 2013, 2015, and 2017 in the
Chalan Kanoa Reef Geographic Mitigation Area. In 2013, there were two sightings of bottlenose dolphins
on the same day, a pod of three and a pod of six (Hill et al., 2013b). In 2015, a single individual was
sighted in the area (Hill et al., 2016b). In February 2017, a pod of four bottlenose dolphins was sighted,
and in May a pod of six was observed in the Chalan Kanoa Reef Geographic Mitigation Area (Hill et al.,
2018b). Satellite tags on two bottlenose dolphins deployed in the Marpi Reef area during 2017
documented the extensive travel by these animals (and likely their accompanying pods). The animals
traveled from within the Chalan Kanoa Reef Geographic Mitigation Area, south to waters off Tinian,
north past Saipan to Marpi Reef, and then farther north with a final tag detection approximately 85 km
west of Farallon de Medinilla (FDM) (Hill et al., 2018b). Although these satellite tracking data are limited,
they indicate that the Chalan Kanoa Reef Geographic Mitigation Area is only a small portion of the range
these tagged individuals (and their accompanying pods) use in the Study Area.
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1.3.2.1.1.4 Short-Finned Pilot Whales

Short-finned pilot whales have not been visually sighted in the Chalan Kanoa Reef Geographic Mitigation
Area. However, individuals initially tagged off Guam, Rota, and Tinian with satellite tags were detected
within the Chalan Kanoa Reef Geographic Mitigation Area in 2013, 2014, and 2016. The animals ranged
widely in the Mariana Islands from waters south of Guam and north to at least as far as FDM (a straight-
line distance of at least 350 km) (Hill et al., 2013b; Hill et al., 2014; Hill et al., 2017a). Through 2017,
there have been 17 satellite tags deployed on short-finned pilot whales in the Mariana Islands; these
individuals were in groups ranging in size from 15 to 48 animals (Hill et al., 2013b; Hill et al., 2014; Hill et
al., 2017a). Although tagged animals tended to remain closer to Guam than to any other islands in the
Marianas, several were tracked transiting north to Rota. Similarly, several animals tagged off of Rota
were previously sighted off Guam. The median distance from shore for the eight animals tagged and
tracked in 2014 was 17.1 km, and the median depth was 1,184 m (Hill et al., 2015b; Hill et al., 2017a).
The wide-ranging movements of these animals suggest that no specific islands or areas in the Mariana
Islands are of any particular biological importance for this species.

1.3.2.1.1.5 False Killer Whales

False killer whales have not been sighted within the Chalan Kanoa Reef Geographic Mitigation Area
during any surveys. In 2013, satellite tags were deployed on four false killer whales off Rota in groups
ranging in size from 15 to 17 individuals (Hill et al., 2013b). Two of the four tagged animals moved north
and through the Chalan Kanoa Reef Geographic Mitigation Area, and all four individuals traveled in
excess of 200 NM from their initial tag detection locations off Rota (Hill et al., 2013b). The wide-ranging
movements of these animals suggest that no specific islands or areas in the Mariana Islands are of any
particular biological importance for this species.

1.3.2.1.1.6 Rough-Toothed Dolphins

In 2013, a pod of four rough-toothed dolphins was sighted in the Chalan Kanoa Reef Geographic
Mitigation Area (Hill et al., 2013b). Five days prior to the sighting, a satellite tag was deployed on a
rough-toothed dolphin in a group of six individuals off Aguijan (Hill et al., 2013b). The tagged animal
moved north from the deployment location over an 11-day period and transited through the Chalan
Kanoa Reef Geographic Mitigation Area to waters north of Saipan, at which point the transmissions
ended. In total, the animal covered a distance of approximately 65 km. It is not known whether the
tagged animal remained with the five other dolphins. The distance traveled by this individual, and
possibly the group, coupled with the lack of other occurrence data, suggests that the Chalan Kanoa Reef
Geographic Mitigation Area is not of any particular importance for rough-toothed dolphins in the
Mariana Islands.

1.3.2.1.1.7 Pygmy Killer Whales

In March 2015, a pod of six pygmy killer whales was sighted in the Chalan Kanoa Reef Geographic
Mitigation Area interacting with two adult humpback whales (Hill et al., 2016b). The only other sighting
of pygmy killer whales in the vicinity of Saipan was a 2011 encounter with a pod of 11 approximately

2 NM from the Marpi Reef Geographic Mitigation Area (Hill et al., 2011). The limited sighting data from
the surveys at the Chalan Kanoa Reef indicate that the Chalan Kanoa Reef Geographic Mitigation Area is
not of any particular importance for pygmy killer whales in the Mariana Islands.
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1.3.2.1.2 Sea Turtles

All species of sea turtles could be present in the Chalan Kanoa Reef Geographic Mitigation Area;
although as discussed in Section 3.5 (Sea Turtles), the species most likely to be present are green sea
turtles and hawksbill sea turtles, based on documented sightings the Mariana Islands (Martin & Jones,
2016; Martin et al., 2016; Martin et al., 2018, 2019; Summers et al., 2017; U.S. Department of the Navy,
2018b). Loggerhead and leatherback sea turtles are known to pass through the Study Area during
migration, and olive ridley sea turtles are expected to be rare throughout the year in all waters in the
Study Area (U.S. Department of the Navy, 2018).

Sea turtle sightings shown in Figure I-3 were recorded during surveys conducted in the vicinity of the
Chalan Kanoa Reef (not necessarily within the boundaries of the Chalan Kanoa Reef Geographic
Mitigation Area) from 2009 through the spring of 2018 (HDR, 2011, 2012; HDR EOC, 2012; Hill et al.,
2011; Hill et al., 2013a; Hill et al., 2014; Hill et al., 2015b; Hill et al., 2016b; Hill et al., 2017a; Hill et al.,
2018b; Hill et al., 2019; Jones & Martin, 2016; Ligon et al., 2011; Martin & Jones, 2016; Martin et al.,
2016; Martin et al., 2018; Oleson & Hill, 2010a; Summers et al., 2017; U.S. Department of the Navy,
2018a). The concentration of sightings of sea turtles (almost certainly all green and hawksbill sea turtles)
in nearshore waters of the Chalan Kanoa Reef (Figure I-3) demonstrates that the area, including portions
of the Chalan Kanoa Reef Geographic Mitigation Area, is used by sea turtles; however, the reef is not the
only location where sea turtles are known to concentrate off Saipan. Summers et al. (2017) assessed
population demographics and habitat-use for green and hawksbill sea turtles off Tinian, Saipan, and
Rota using a mark-recapture study. They captured 493 green and 36 hawksbill turtles between August
2006 and February 2014 and noted long-term residency and high site fidelity among both species at the
locations surveyed. Refer to Section 3.5 (Sea Turtles) and the Navy Marine Species Density Database
Technical Report for the MITT Study Area (U.S. Department of the Navy, 2018a) for additional
information regarding the general distribution of sea turtles in the Study Area, including in the vicinity of
the Chalan Kanoa Reef Geographic Mitigation Area.

1.3.2.2 Navy Training and Testing Activities — Chalan Kanoa Reef

The Chalan Kanoa Reef has historically been a low-use area for Navy training and testing activities.
Explosive munitions have not been used in this area, nor has sonar use been reported in this area.
However, transiting vessels could engage in training or testing activities within this area using sonar or
explosives while implementing procedural mitigation measures and following Standard Operating
Procedures to ensure public safety.

1.3.2.3 Mitigation Assessment — Chalan Kanoa Reef Geographic Mitigation Area
1.3.2.3.1 Biological Assessment — Chalan Kanoa Reef

Based on sea turtle sightings in the area, the Navy assumes that sea turtles may use the Chalan Kanoa
Reef Geographic Mitigation Area for foraging; however, the available data (Martin & Jones, 2016; Martin
et al., 2016; Martin et al., 2018, 2019; Summers et al., 2017; U.S. Department of the Navy, 2018b) do not
indicate that the Chalan Kanoa Reef Geographic Mitigation Area is a key area of biological importance
for sea turtles. There is currently no information on specific uses of the area for a biologically important
life process beyond species normal occurrence (e.g., the area is not an exclusive feeding area, migration
route, or breeding location).

NMFS has concluded that the waters around Saipan are a newly identified “breeding location” for
humpback whales (National Oceanic and Atmospheric Administration, 2018). Based on the
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non-systematic survey data described above indicating that humpback whales, including mother-calf
pairs, are seasonally present in the Chalan Kanoa Reef area, the reef may be important to humpback
whales for biologically important life processes associated with reproduction (e.g., birthing, nursing, and
breeding) for part of the year. Chalan Kanoa Reef is one of only two locations in the study area where
reproductive activities have been repeatedly, although not always annually, observed. Additional data
would help refine frequency of occurrence in terms of oceanographic variability, validate re-sightings of
the same individuals as a percent of a humpback whale distinct population segment, and determine if
actual residency time for mother-calf pairs at Chalan Kanoa Reef is significant or not. This is different
from others areas in the Pacific such as Hawaii or the U.S. West Coast, where datasets of 30—40 years
are available and where far larger number of animals engaged in biologically important life process have
been observed. However, in consideration of the scientific data that is available at this time for the MITT
study area and in order to be conservative to the resource (i.e., over-protective), the Navy considers this
area does meet its criteria as an area of biological importance for humpback whale reproductive
behaviors. The data do not indicate that the Chalan Kanoa Reef Geographic Mitigation Area is of any
particular importance for other marine mammal species that may occur there.

As detailed in Section 3.4.2 (Environmental Consequences) of this SEIS/OEIS and based on the discussion
above, the proposed Navy training and testing activities as described in Chapter 2 (Description of
Proposed Action and Alternatives) and Appendix A (Training and Testing Activities Descriptions) are not
expected to result in long-term consequences to any marine resources present in the Chalan Kanoa
Reef. Geographic mitigation would reduce or avoid impacts on any marine mammals present in the
Chalan Kanoa Reef Geographic Mitigation Area in the event that naval forces conduct training or testing
activities using hull-mounted mid-frequency active sonar or in-water explosives. While it was
determined that the mitigation area did not meet the Navy’s criteria as a key area of biological
importance for sea turtles, this mitigation would also reduce or avoid impacts on any sea turtles
present.

1.3.2.3.2 Practicality of Geographic Mitigation — Chalan Kanoa Reef

Access to a variety of bathymetric features, including shallow areas, is critical to support realistic Anti-
Submarine Warfare training and testing activities using sonar. Areas with shallow depths are limited in
the Mariana Archipelago; therefore, the Navy has determined that it would be imprudent to limit the
use of sonar at the Chalan Kanoa Reef Geographic Mitigation Area.

The Navy has access to established, nearshore training and testing areas for the use of explosive
munitions; therefore, the Navy has determined that it would be practical to avoid using explosives in the
Chalan Kanoa Reef Geographic Mitigation Area.

1.3.2.3.3 Summary — Chalan Kanoa Reef

As a result of the assessment for the Chalan Kanoa Reef Geographic Mitigation Area, the Navy is
proposing to implement the mitigation, limit surface ship hull-mounted MF1 mid-frequency active sonar
hours, and reporting requirements described in Table I-5. Geographic mitigation would reduce or avoid
impacts on any marine mammals or sea turtles present in the event mission requirements necessitate
using active sonar while conducting a training or testing activity. Given that Chalan Kanoa Reef is an area
for humpback whale reproductive behaviors, the Navy has limited MF1 sonar hours from 1 December to
30 April and developed special reporting requirements, similar to those employed in the Hawaiian
Humpback Whale Sanctuary, specifically for the use of MF1 sonar, which will aid the Navy and NMFS in
continuing to analyze potential impacts of training and testing in this area. The Navy must retain its
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ability to conduct active sonar in the limited shallow, nearshore waters of the MITT Study Area,
including Chalan Kanoa Reef, to ensure vessels can meet training and testing requirements for MF1
surface ship hull-mounted mid-frequency active sonar. The Navy must have the capability to train and
test in a shallow water environment to accommodate future advances in sonar technology and anti-
submarine warfare tactics.

Based on current operational projections and the availability of other similar, suitable training and
testing locations in the Study Area, the Navy has determined that it would be practical to avoid using
in-water explosives in the Chalan Kanoa Reef Geographic Mitigation Area year round under the
Proposed Action. Such geographic mitigation would ensure that marine mammals are not exposed to
explosives in this area, which is thought to be particularly important for humpback whale reproductive
behaviors.

Table I-5: Mitigation Within the Chalan Kanoa Reef Geographic Mitigation Area

Mitigation Area Description

Stressor or Activity
e Surface ship hull-mounted mid-frequency active sonar (bin MF1)
e In-water explosives

Identified Resource Protection Focus
e Humpback whales; seasonally present (December—April)
e  Marine mammals; potentially present year round

e Sea turtles; present year round

Mitigation Area Requirements?

e The Navy will conduct a maximum combined total of 20 hours of surface ship hull-mounted MF1 mid-
frequency active sonar during training and testing from 1 December to 30 April within the Marpi Reef
Mitigation Area and Chalan Kanoa Reef Mitigation Area. The Navy will report the total hours of active
sonar (all bins, by bin) used in the Marpi Reef Mitigation Area and Chalan Kanoa Reef Mitigation Area
from 1 December to 30 April in its annual training and testing activity reports submitted to NMFS.
Should national security present a requirement to use MF1 surface ships hull-mounted mid-frequency
active sonar between 1 December to 30 April, the Navy will provide NMFS with advance notification of
the activity.

e The Navy will not use in-water explosives in the Chalan Kanoa Reef Mitigation Area year-round.

e The Navy will issue an annual seasonal awareness notification message to alert ships and aircraft
operating in the Chalan Kanoa Reef Mitigation Area to the possible presence of increased
concentrations of humpback whales from 1 December through 30 April. To maintain safety of
navigation and to avoid interactions with large whales during transits, the Navy will instruct vessels to
remain vigilant to the presence of humpback whales, that when concentrated seasonally, may become
vulnerable to vessel strikes. Platforms will use the information from the awareness notification
messages to assist their visual observation of applicable mitigation zones during training and testing
activities and to aid in the implementation of procedural mitigation.

1 Should national security present a requirement to conduct training or testing prohibited by the mitigation requirements specified in this
table, naval units will obtain permission from the appropriate designated Command authority prior to commencement of the activity. The
Navy will provide NMFS with advance notification and include relevant information (e.g., sonar hours, explosives use) in its annual activity
reports submitted to NMFS.

1-19
Appendix | Geographic Mitigation Assessment



Mariana Islands Training and Testing
Final Supplemental EIS/OEIS June 2020

I1.3.3  Agat Bay Nearshore Geographic Mitigation Area

The Agat Bay Nearshore Geographic Mitigation Area (Figure I-4) encompasses the shoreline between
Tipalao, Dadi Beach, and Agat on the west coast of Guam, with a boundary across the bay enclosing an
area of approximately 5 km? in relatively shallow waters (less than 100 m) and extending out to 1.27 km
from shore. The boundaries of the Agat Bay Nearshore Geographic Mitigation were defined by Navy
scientists based on spinner dolphin sightings documented during small boat surveys from 2010 through
2018 (excluding 2016). Sea turtle sightings documented during surveys from 2007 through 2018 were
also used to define the mitigation area (Fulling et al., 2011; HDR, 2011; HDR EOC, 2012; Hill et al., 20133;
Hill et al., 2014; Hill et al., 2015b; Hill et al., 2016b; Hill et al., 2017a; Hill et al., 2018b; Jones & Van
Houtan, 2014b; Jones et al., 2015; Jones & Martin, 2016; Ligon et al., 2011; Martin & Jones, 2016;
Martin et al., 2016; Martin et al., 2018, 2019; Oleson & Hill, 2010a).

1.3.3.1 Resources within Agat Bay Nearshore Geographic Mitigation Area

Biological resources within the Agat Bay Nearshore Geographic Mitigation Area include spinner
dolphins, sea turtles, invertebrates including corals, and fishes. These resources and their occurrence in
the Study Area are discussed in detail in this SEIS/OEIS in the following sections: Section 3.4 (Marine
Mammals), Section 3.5 (Sea Turtles), Section 3.8 (Marine Invertebrates), and Section 3.9 (Fishes).

As shown in Table I-6, species documented as sighted or having a satellite tag detection? within the
boundaries of the Agat Bay Nearshore Geographic Mitigation Area include spinner dolphin and sea
turtles (as noted in the sections above, most likely green and hawksbill sea turtles).

Table I-6: Marine Mammals and Sea Turtles Documented Within the Agat Bay Nearshore Geographic
Mitigation Area

Common Name 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2017 | 2018
Spinner dolphin S S S S S
Sea Turtle S S S S+T S+T S+T S S

Notes: S = One or more sightings during a survey in the area; T = one or more satellite tag

detections; S+T = one or more sightings and satellite tag detections in a given year; empty
cells indicate no documented occurrence of the species in the given year; years not shown
indicate that no surveys were conducted in the area in that year.

2 There was one instance during an 11.4 day period in 2016 where a satellite-tracked pantropical spotted dolphin
had one reported position just within the outer boundary of the Agat Bay Nearshore Geographic Mitigat