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FINAL FINDING OF NO SIGNIFICANT IMPACT (FONSI) 
MINUTEMAN III EXTENDED RANGE FLIGHT TESTING 

SUPPLEMENTAL ENVIRONMENTAL ASSESSMENT (SEA) 
 

Agency: United States Air Force (USAF) 
 
Background: Pursuant to the provisions of the National Environmental Policy Act (NEPA) of 1969, 
Executive Order (EO) 12114, Council on Environmental Quality (CEQ) Regulations [40 Code of Federal 
Regulations (CFR) Parts 1500-1508], 32 CFR Part 989, the USAF has conducted an assessment of the 
potential environmental consequences of activities associated with continuing to conduct proposed 
extended range flight testing for the Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) 
system. The Minuteman III Extended Range Flight Testing Supplemental Environmental Assessment 
(MMIII ERFT SEA), hereby incorporated by reference, focused on those activities that have the potential 
to change the human and natural environments. 
 
The primary function of the MMIII missile system is strategic deterrence. The concept of strategic 
deterrence means that a defending nation maintains a significant capability to strike a challenging nation 
such that a challenging nation will choose not to attack. In light of recent nuclear proliferation and the 
acquisition of offensive nuclear capabilities by foreign nations with potential hostile intent, the USAF 
needs more realistic testing at operationally representative distances using prolonged atmospheric Reentry 
Vehicles (RVs) flight times, reentry conditions, and test flight data collection not attainable by using 
impact areas at Kwajalein Atoll or the US Territory of Guam. The Proposed Action would increase total 
mission ranges to approximately 6,000 nm (11,112 km), which would improve and demonstrate the 
capability and readiness of US Armed Forces to respond to any serious nuclear threats from such foreign 
nations. The inability to conduct these tests would reduce the overall mission readiness of the MMIII 
ICBM system and jeopardize national security. This testing also is critical to Air Force decision making 
on Life Extension Programs for the current Mark (Mk) 12A and Mk 21 RVs. 
 
Because neither routine storage nor management of the MMIII missiles or missile components before 
launch has changed, those aspects are not included in the Proposed Action. Launches would be conducted 
from existing silo facilities at Vandenberg AFB on the coast of California. The launch aspects of MMIII 
test flights from Vandenberg AFB have been fully assessed in the EA for Minuteman III Modification 
(USAF, December 2004) (hereinafter, MMIII EA), which is incorporated by reference into the SEA. The 
FONSI for the MMIII EA was signed on 24 February 2005. Pertinent information from that document is 
summarized in this SEA for the purpose of compliance with NEPA. 
 
The MMIII ERFT SEA considers all potential impacts of the Proposed Action and the No Action 
Alternative. This FONSI summarizes the results of the evaluations of the proposed activities associated 
with the proposed MMIII Extended Range Flight Testing. 
 
Proposed Action and No Action Alternative: The SEA assesses the environmental impacts of the 
proposed continuation of activities associated with the proposed MMIII ERFT. The MMIII ERFT missile 
flight tests will originate from Vandenberg AFB, California. At Vandenberg AFB, the missile launches 
will occur from existing silos that are regularly used for these types of tests. On each test missile, the 
operational RVs are replaced with one inert RV. At the terminal end of each missile flight, the test RVs 
will impact within broad ocean areas (BOAs) of the North Pacific Ocean, within the Exclusive Economic 
Zone (EEZ) of the Republic of Palau or international waters. None of the RVs would contain high 
explosives; the RVs will remain intact as they impact water at high velocities. Other missile components 
will impact within the EEZs of Guam and the Federated States of Micronesia. Logistical and technical 
support will be provided by a US Navy Mobile Instrumentation System (NMIS) observation ship out.  
Two MMIII ERFT flight tests are scheduled to occur in 2014 as half of the four annual MMIII flight tests. 
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Under the No Action Alternative, the USAF would continue four MMIII flight tests per year with 
terminal impacts at US Army Kwajalein Atoll (USAKA)/Ronald Reagan Ballistic Missile Defense Test 
Site (RTS). 
 
No other alternatives to the Proposed Action were considered. There are no other alternative launch sites 
within the US and its territories.  Because of reliance on the limited availability of US Navy 
instrumentation assets on the NMIS ship, the proposed extended range flight test impact locations are the 
only feasible alternative capable of hosting and accomplishing the specific data gathering objectives 
required for the missions at this time. 
 
Environmental Effects: Potential environmental effects associated with the Proposed Action and No 
Action Alternatives were assessed for the following environmental resources: global atmosphere, air 
quality, noise, biological resources, health and safety, and hazardous materials and waste management.  
Other resource areas—including cultural resources, hydrology and groundwater, utilities, solid waste 
management, land use, socioeconomics, environmental justice, soil resources, and visual and aesthetic 
resources—were not analyzed further because no significant impacts to these resources are anticipated as 
a result of implementing the Proposed Action. Potential effects on the environment from implementation 
of the Proposed Action are described in the following paragraphs. 
 
• Global Atmosphere/Air Quality.  For missile flight tests at Vandenberg AFB, rocket motor exhaust and 
ballistic gas generator (silo doors) emissions will be released into the lower atmosphere. Because the 
launches are infrequent, short-term events, emission products will be rapidly diluted and dispersed by 
prevailing winds. No violation of air quality standards or health-based standards for non-criteria 
pollutants is anticipated. No changes to existing or new air emission permits are required. Also, a review 
of the General Conformity Rule resulted in a finding of presumed conformity with the State 
Implementation Plan. From a global perspective, the exhaust emissions released from the MMIII motors 
into the upper atmosphere will add to the overall global loading of chlorine and other gases that contribute 
to long-term ozone depletion. However, when compared to the amount of emissions released on a global 
basis, the flight tests will not be statistically significant in contributing to cumulative impacts on the 
stratospheric ozone layer.  The two MMIII ERFT flight tests would not substantially increase air 
emissions above those that would occur from the two nominal MMIII flight tests they would replace. 
Overall, no significant impacts to air quality will occur. 
 
• Noise. Sonic booms generated by the MMIII ERFT RVs near impact will be audible within 
approximately 35 miles (65 km) on both sides of the flight path; however, they would occur entirely over 
open ocean and there are no inhabited islets within the flight corridors that would hear it.  The sonic boom 
footprints do not overlap any Guam, Federated States of Micronesia (FSM or Micronesia), or Republic of 
Palau (ROP or Palau) communities.  The NMIS ship would be downrange of impact and the sonic boom 
footprint would be uprange; therefore, operational personnel would not be subjected to significant noise-
related impacts.  The two MMIII ERFT flight tests would occur in different locations from, and would not 
increase noise levels above, those that would occur with the two nominal MMIII flight tests they would 
replace. Consequently, no significant impacts to the noise environment will occur. 
 
• Biological Resources. For the over-ocean launch corridor, flights, flight termination, and spent rocket 
motors have the potential for pinnipeds to incur exposure to noise and for marine animals or sea turtles to 
incur exposure to underwater shock/sound waves from the splashdown or direct contact, respectively.  
Under suitable atmospheric conditions a very low intensity sonic boom lasting milliseconds may be 
barely perceptible by pinnipeds at the water surface within the northern portion of the Northwest 
Hawaiian Islands (NWHI). Underwater pressure waves generated by the sonic booms at impact sites are 
expected to be less than 140 decibels (dB), which is well below the lower limit (178 dB) for inducing 
behavioral reactions, and the lower limit (218 dB) for inducing temporary threshold shift (TTS) in marine 
mammals and sea turtles, all sound pressure levels being referenced to 1 micropascal (re μPa).  Because 
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the resulting pressures will be relatively low, and very short in duration, no long-term adverse effects are 
anticipated.  During terminal phase of the flights, the potential for underwater shock/sound waves from 
the splashdown or direct contact exists from the RVs. However, in the open ocean, the probability of 
impacting protected marine mammals and sea turtles is insignificant based on statistical analyses. The 
MMIII ERFT flight tests will occur only twice within one year, and motor and RV impacts from each 
flight will not occur at the exact same locations. Though residual amounts of hazardous materials could 
lead to localized seawater impacts, the risk of marine life coming in contact with or ingesting toxic levels 
of solutions is unlikely, considering the rapid dilution of any contaminants and the rapid sinking of any 
components to the ocean floor. Since the RV approach and impact are within the BOA, there would be no 
effects on terrestrial species and/or migratory birds. The National Marine Fisheries Service (NMFS) 
concurred with the determination of “may affect, but not likely to adversely affect” regarding effects on 
marine mammals, sea turtles, and on designated and proposed critical habitat for Hawaiian monk seals in 
the NWHI. NMFS also concurred with the determination of no effect to designated critical habitat for 
leatherback sea turtles off the California coast. The two MMIII ERFT flight tests would occur in different 
locations from, and would not increase the potential for biological impacts above, those that would occur 
with the two nominal MMIII flight tests they would replace. Overall, no significant impacts to biological 
resources will occur at any of the locations affected. The implementation of mitigation measures 
identified in the SEA will help minimize or eliminate potentially adverse impacts that might occur. 
 
• Health and Safety. All program activities will be accomplished in accordance with applicable DOD, 
Lawrence Livermore National Laboratory (LLNL), Federal, state, and foreign health and safety standards. 
Range safety officials will issue Notices to Airmen, as well as to Mariners, and the missile hazard zones 
will be determined clear of both aircraft and surface vessels before proceeding with any flight test.  By 
adhering to established safety standards and procedures, the level of risk to DOD, LLNL and contractor 
personnel and the general public will be minimal at all of the locations affected. The two MMIII ERFT 
flight tests would not increase the potential for health and safety impacts above those that would occur 
with the two nominal MMIII flight tests they would replace. Thus, no significant impacts to either 
occupational or public health and safety are expected to occur. 
 
• Hazardous Materials and Waste Management. For hazardous materials and waste management, 
activities at each affected installation are governed by specific environmental regulations and existing 
facility response plans that minimize any potential environmental consequences resulting from the use 
and handling of these materials. Each installation has a plan in place that provides guidelines and 
instructions to prevent and control accidental spills of hazardous materials, including a description of 
appropriate countermeasures to contain, clean up, and mitigate the effects of a spill or discharge. 
Appropriate permits are in place and workers are trained to follow procedures for the proper storage, 
transportation, and disposal of hazardous waste. Hazardous material and waste handling capacities will 
not be exceeded, and management programs will not have to change. 
 
In regards to the release of hazardous and toxic materials from RV tests within the BOAs, no residual 
fragments of RVs will be recovered from deep waters. The two MMIII ERFT flight tests would not have 
hazardous materials or waste management requirements substantially greater than those that would occur 
with the two nominal MMIII flight tests they would replace. Consequently, no significant impacts from 
the management of hazardous materials and waste will occur at any of the sites affected. 
 
Monitoring and Mitigation: Within the SEA, various management controls and engineering systems for 
all locations affected are described. Required by DOD, LLNL, Federal, state, and Service-specific 
environmental and safety regulations, and international agreements, these measures are implemented 
through normal operating procedures. 
 
Specific monitoring activities and mitigation measures identified for implementation as part of the 
proposed MMIII ERFT flight tests are summarized in Section 4.4 of the SEA. 
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Specific monitoring activities and mitigation measures ident ified for implementation as part of the 
proposed MMlli ERFT flight tests are summarized in Section 4.4 ofthe SEA. 

Public Review and Comment: An availability notice for public review of the Draft SEA and Draft 
FONSI was published in loca l newspapers in Guam, the Republic of Palau, and the Federated States of 
Micrones ia, on or before 29 July 20 13, initiating a 30-day review period that ended on 28 August 2013. 
During the review period, cop ies of the Draft SEA and Draft FONS! were made ava ilable in local 
libraries in Hagatfia, Guam; Pohnpei, Micronesia; and Koror, Palau and at the U.S. Embass ies in 
Micronesia and Palau. No public comments were received during the public review. 

Points of Contact: The US Army Space and Missi le Defense Command/Anny Forces Strategic 
Command (USASMDC/ARSTRA T) point of contact for this SEA is Mr. Mark Hubbs, 
USASMDC/ARSTRAT, Redstone Arsenal, Alabama. Mr. Hubbs can be reached by calling (256) 955-
2608, by facsimile at 256-955-6659. or bye-mail at Mnrk.E.Hubbs.civftrmail.mi l. 

Conclusion: Based upon review of the facts and analyses contained in the SEA, the USAF has conc luded 
that implementation of the Proposed Action wil l not have a sign ificant env ironmenta l impact, either by 
itself or cumulatively with other projects. Accord ingly, the requirements ofNEPA, the CEQ Regulations, 
and 32 CFR Part 989 are fu lfilled and an Environmentalimpaci Statement is not required. 

Approved: 

~/~ 
MICHAEL E. FORTNEY 
Brigadier General, USAF 
AFGSC, Director of Operations 

Date 

FONS I-4 
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1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION 
 
1.1 Introduction 
 
The United States (US) Air Force (USAF) prepared this Supplemental Environmental Assessment (SEA) 
to update the analysis of conducting Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) 
extended range flight tests and supporting activities previously described and analyzed in the Final 
Environmental Assessment (EA)—Minuteman III ICBM Extended Range Flight Testing (ERFT) or MMIII 
ERFT EA (USAF, 2006a), which is hereby incorporated by reference into this SEA. 
 
The MMIII ERFT EA analyzed conducting three extended range missions between Fiscal Year (FY) 2006 
and 2010.  These missions were for MMIII flight tests from launch at Vandenberg Air Force Base (AFB) 
to impact of the reentry vehicles (RVs) in broad ocean areas (BOAs) of the Pacific Ocean, beyond 
Kwajalein Atoll (Kwajalein).  Kwajalein has both previous and current MMIII flight test impact sites.  
Since the completion of the MMIII ERFT EA and approval of the Finding of No Significant Impact 
(FONSI) in April 2006, the three extended range missions were completed in FY06, FY08, and FY10, 
with impacts to the southeast and southwest of Guam.  These flights increased the testing ranges of 
existing MMIII Force Development Evaluation (FDE) missions by approximately 800 to 1,200 nautical 
miles (nm) (1,482 to 2,222 kilometers [km]) beyond US Army Kwajalein Atoll (USAKA). 
 
For the continuation of MMIII missile extended range flight tests conducted from Vandenberg AFB, 
California, to a BOA of the Pacific Ocean beyond Kwajalein Atoll, this SEA provides an updated 
assessment of flight tests through 2014. 
 
The Air Force Global Strike Command (AFGSC) conducts MMIII flight testing as part of the ongoing 
FDE program and, in coordination with the Air Force Nuclear Weapon Center (AFNWC), is the 
proponent for the proposed MMIII extended range flight tests analyzed in this SEA.  For extended range 
flight testing, the MMIII missiles would launch from existing silos at Vandenberg AFB with designated 
RV impacts in BOAs south of the Republic of Palau (ROP or Palau) or within international waters, a 
range of approximately 6,000 nm (11,112 km) from Vandenberg AFB. 
 
In support of the AFGSC, the United States Army Space and Missile Defense Command 
(USASMDC)/Army Forces Strategic Command (ARSTRAT) determined that an SEA was required to 
reassess the potential environmental impacts from the MMIII extended range flight tests because of: (1) 
extension of the impact area further southwest of Guam than was originally analyzed and (2) regulatory 
changes that have occurred since the completion of the MMIII ERFT EA. 
 
This SEA was prepared in accordance with the following regulations, statutes, and standards: 
 

• National Environmental Policy Act (NEPA) (42 United States Code [USC] 4321-4370f). 
• Executive Order 12114 (Environmental Effects Abroad of Major Federal Actions) (Office of the 

President, 1979). 
• The President’s Council on Environmental Quality (CEQ) Regulations for Implementing NEPA 

(40 Code of Federal Regulations [CFR] Parts 1500-1508) (CEQ, 2009). 
• Environmental Impact Analysis Process (32 CFR Part 989) (USAF, 2009a). 
• Environmental Planning and Analysis, US Department of Defense (DOD) Directive (DODD) 

4715.9, (DOD, 1996). 
• The Compact of Free Association (COFA), as Amended, between the Government of the United 

States of America and the Government of the Federated States of Micronesia, signed into law 
November 13, 1986, and renewed in 2004 (48 USC 1921). 
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• The COFA, as Amended, between the Government of the United States of America and the 
Government of the Republic of Palau, signed into law October 1, 1994 (extension agreement was 
signed September 2010, but is not yet enacted by US Congress) (48 USC 1931 and 1932). 

 
1.2 Background 
 
Because of prior US initiatives to cancel development programs for new ICBM weapon systems, the 
MMIII system has become the only land-based ICBM in America’s nuclear arsenal.  In the 2010 Nuclear 
Posture Review Report submitted to Congress (DOD, 2010), the Secretary of Defense specified 
continuation of the MMIII Life Extension Program with the aim of sustaining the missile fleet through 
2030, as mandated by Congress.  Presently, the MMIII force consists of 450 missiles located within the 
three Minuteman Wings at Francis E. Warren AFB, Malmstrom AFB, and Minot AFB.  Flight tests of the 
MMIII are conducted annually to ensure the continued readiness and reliability of the weapon system. 
 
1.3 Purpose for the Proposed Action 
 
As part of the USAF's MMIII Extended Range Flight Testing, the proposed test missions include 
increasing the target range by approximately 1,800 nm (3,334 km) beyond the vicinities of the Kwajalein 
Atoll range (Ronald Reagan Ballistic Missile Defense Test Site [RTS]) in the Republic of the Marshall 
Islands (RMI) and approximately 800 nm (1,482 km) southwest of the island of Guam.  The purpose of 
the Proposed Action is continuing extended range flight tests to prove the weapon system's safety, 
reliability, and accuracy, and to validate the MMIII weapon system performance and operations. 
 
1.4 Need for the Proposed Action 
 
The primary function of the MMIII missile system is strategic deterrence.  The concept of strategic 
deterrence means that a defending nation maintains a significant capability to strike a challenging nation 
such that a challenging nation will choose not to attack.  In light of recent nuclear proliferation and the 
acquisition of offensive nuclear capabilities by foreign nations with potential hostile intent, the USAF 
needs more realistic testing at operationally representative distances using prolonged atmospheric RV 
flight times, reentry conditions, and test flight data collection not attainable by using impact areas at 
Kwajalein Atoll or the US Territory of Guam.  The Proposed Action would increase total mission ranges 
to approximately 6,000 nm (11,130 km), which would improve and demonstrate the capability and 
readiness of US Armed Forces to respond to any serious nuclear threats from such foreign nations.  The 
inability to conduct these tests would reduce the overall mission readiness of the MMIII ICBM system 
and jeopardize national security.  This testing also is critical to Air Force decision making on Life 
Extension Programs for the current Mark (Mk) 12A and Mk 21 RVs. 
 
1.5 Scope of the Environmental Assessment 
 
This SEA evaluates the environmental effects of continuing extended range flight tests and extending the 
current test targeting range of the MMIII ICBM.  Because neither routine storage nor management of the 
MMIII missiles or missile components before launch has changed, those aspects are not included in this 
Proposed Action.  Launches would be conducted from existing silo facilities at Vandenberg AFB on the 
coast of California.  The launch aspects of MMIII test flights from Vandenberg AFB have been fully 
assessed in the EA for Minuteman III Modification (USAF, December 2004) (hereinafter, MMIII EA).  
The Finding of No Significant Impact (FONSI) for the MMIII EA was signed on 24 February 2005.  
Pertinent information from that document will be summarized in this SEA for the purpose of compliance 
with NEPA.  This SEA was prepared in accordance with CEQ regulations at 40 CFR 1500 et seq. and 
USAF regulations at 32 CFR 989. 
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In accordance with CEQ and USAF regulations, found in 40 CFR 1502.14(d) and 32 CFR 989.8(d), 
respectively, this SEA also analyzes the No Action Alternative that serves as the baseline from which to 
compare the Proposed Action.  Under the No Action Alternative, MMIII flight tests would not extend 
beyond Kwajalein Atoll/RTS.  Ongoing system flight testing, monitoring, and routine maintenance of 
MMIII components would continue to ensure weapon system safety, accuracy, and reliability for the 
remaining life of the MMIII system. 
 
1.6 Related Environmental Documentation 
 
The USASMDC/ARSTRAT relied heavily on several existing NEPA documents to support the 
preparation of this SEA.  The documents listed below and cited in the SEA, where applicable, contain 
analyses of actions similar to those activities proposed for this SEA and/or provide information on the 
existing environment described in Chapter 3.0 herein. 

 
• Final Environmental Assessment for Minuteman III Modification (USAF, 2004) 
• Final Environmental Assessment—Minuteman III ICBM Extended Range Flight Testing (USAF, 

2006a) 
• Final Environmental Assessment for Hypersonic Technology Vehicle 2 Flight Tests (USAF, 

2009b) 
• Final Environmental Assessment for Conventional Strike Missile Demonstration (USAF, 2010) 
• Advanced Hypersonic Weapon Program Environmental Assessment (USASMDC/ARSTRAT, 2011) 

 
1.7 Decisions to Be Made 
 
Supported by the information and environmental impact analysis presented in this SEA, the USAF will 
decide on whether to implement the Proposed Action of continuing to conduct MMIII extended range 
flight testing and extending the current test targeting range of the MMIII in a BOA of the Pacific Ocean 
or to select the No Action Alternative. 
 
1.8 Interagency Coordination 
 
Ongoing interagency coordination is integral to the preparation of this SEA.  The USAF has worked 
closely with the Lawrence Livermore National Laboratory (LLNL), for their involvement in supporting 
RV flight tests and data collection, and as a cooperating agency during the development of the Proposed 
Action.  Additionally, USAF has coordinated with USASMDC/ARSTRAT for analysis of the Proposed 
Action. 
 
Beginning in March 2013, the USAF entered into pre-consultation discussions with the National Marine 
Fisheries Service (NMFS) located in Honolulu, Hawaii.  The USAF (with USASMDC/ARSTRAT 
support) discussed by e-mail the potential for environmental effects from the MMIII extended range flight 
test activities along the over-ocean flight corridor and at Guam, the Federated States of Micronesia (FSM 
or Micronesia), the Republic of Palau (ROP or Palau), and international waters.  The discussions also 
served to identify possible mitigation measures to minimize the effects on biological resources. 
 
In April 2013, the USAF (with USASMDC/ARSTRAT support) initiated informal consultation with 
NMFS (Pacific Islands Regional Office), as required by the US Endangered Species Act (ESA) of 1973 
(16 USC 1531 et seq.), and the US Marine Mammal Protection Act (MMPA) of 1972 (16 USC 1361 et 
seq.), because of potential effects on threatened, endangered, and other protected species, and their 
habitats, within the over-ocean flight corridors, in international waters and within the Exclusive Economic 
Zones (EEZs) (within 200 nm [370 km] of the coastline) of Guam, the Federated States of Micronesia, 
and the Republic of Palau.  A biological assessment and addendum (KAYA, 2013) were submitted to 
NMFS for its review.  In response, NMFS provided the USAF a letter of concurrence on the effects of the 
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proposed project on ESA-listed marine species.  A copy of the NMFS letter of concurrence is provided in 
Appendix B of this SEA. 
 
1.9 Public Notification and Review 
 
In accordance with CEQ (2009) and USAF (2009a) regulations for implementing NEPA, the USAF 
solicited comments on the Draft SEA from interested and potentially affected parties.  Notice of 
Availability (NOA) for the Draft SEA and the enclosed Draft FONSI was published in local newspapers 
on or before 29 July 2013 (Table 1-1).  The public review period began on 29 July 2013 and ended on 28 
August 2013. 
 

Table 1-1  Newspaper Publications for the Notice of Availability 

Country or State City/Town Newspaper 
Guam Hagåtña Pacific Daily News 
Federated States of Micronesia Kolonia, Pohnpei Kaselehlie Press 
Republic of Palau Koror, Palau Island Times 

 
Copies of the Draft SEA/Draft FONSI were placed in local libraries for public review.  A list of agencies, 
organizations, and libraries that were sent copies of the document is provided in Chapter 8.0. 
 
Following the 30-day public review period specified in the newspaper notices, the USAF decided to 
finalize the SEA and sign the FONSI, which allows the proposed MMIII extended range test flights to 
proceed.  Preparation of an Environmental Impact Statement (EIS) is not required.  The Final SEA 
includes both the written comments (i.e., letters and electronic messages received) from regulatory 
agencies and their resolution.  No public comments were received. 

http://en.wikipedia.org/wiki/Pacific_Daily_News�
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2.0 DESCRIPTION OF PROPOSED ACTION AND ALTERNATIVES 
 
This chapter briefly describes the MMIII ICBM and provides a description of the Proposed Action and 
the No Action Alternative. 
 
Two alternatives are assessed in this SEA—the Proposed Action and the No Action Alternative.  Section 
2.1 provides a description of the MMIII missile system and subsystem components.  Section 2.2 provides 
a detailed description of the ongoing MMIII flight tests under the No Action Alternative.  Section 2.3 
describes modifications to the flight test program under the Proposed Action.  Alternatives to the 
Proposed Action that were considered and eliminated from further study are discussed in Section 2.4.  A 
summary comparison of the environmental impacts associated with the Proposed Action and the No 
Action Alternative is presented in Section 2.5.  Lastly, Section 2.6 identifies the USAF’s preferred 
alternative. 
 
2.1 The Minuteman III Missile System Description 
 
The MMIII ICBM is generally unchanged from the Proposed Action description analyzed in the MMIII 
EA (USAF, 2004).  The MMIII ICBM (Figure 2-1) consists of five major sections: the three-stage solid-
propellant booster, the propulsion system rocket engine (PSRE), the missile guidance set (MGS), the 
Model or MOD 7 instrumentation wafer (flight test configuration only), and the reentry system (RS).  The 
latter four sections comprise what is generally referred to as the Post-Boost Vehicle (PBV).  The PBV 
carries from one to three Mk 12A or one Mk 21 reentry vehicles (RVs) within the RS.  Table 2-1 provides 
dimensions of the missile and the three stage motors and fuel weights. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2-1  Attributes of the MMIII ICBM 

Attribute  
Specifications  

Missile 1st Stage 2nd Stage 3rd Stage  

Length 18.3 m 
(59.9 ft) 

5.7 m 
(18.6 ft) 

2.8 m 
(9.1 ft) 

1.7 m 
(5.5 ft)  

Diameter  1.7 m 
(5.5 ft) 

1.7 m 
(5.5 ft) 

1.3 m 
(4.3 ft) 

1.3 m 
(4.3 ft)  

Weight  
36,000 kg 
(79,400 lb) 
at launch 

20,730 kg 
(45,700 lb) 
(fuel only) 

6,240 kg 
(13,750 lb) 
(fuel only) 

3,310 kg 
(7,300 lb) 
(fuel only)  

Source: USAF, 2004     
Key:  m = meter(s)   ft = feet   lb = pound(s)   m = meter   kg = kilogram 

Figure 2-1  Minuteman III Missile 
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2.1.1 Solid-Propellant Booster 
 
The solid-propellant booster is comprised of the assembled first-, second-, and third-stage motors, along 
with the inter-stages and ordnance systems.  Table 2-2 provides by stage the main chemical components 
and DOD explosive hazard classification for the propellants.  The DOD explosive hazard classification 
determines the method of shipping and storing of the rocket propellants and other ordnance (DOD, 2009; 
USAF, 2012a). 
 
 
 
 
 
 
 
 
 
 
 
During powered flight, each rocket motor uses a different Thrust Vector Control (TVC) system (steering 
mechanism) for pitch, yaw, and roll control.  Descriptions of each and the materials they use are: 
 

• 1st Stage.  The TVC system on the first-stage motor uses hydraulically actuated, moveable nozzles 
for altering the thrust vector.  Several gallons of hydraulic fluid are contained in the system. 
 

• 2nd Stage.  The TVC is accomplished through the liquid injection of perfluorohexane into the 
rocket’s gas exhaust.  Approximately 200 lb (91 kg) of perfluorohexane are used. 
 

• 3rd Stage.  The third-stage motor uses a liquid injection TVC system nearly identical in concept to 
the second-stage system, except strontium perchlorate is used.  The TVC system uses 
approximately 50 lb (23 kg) of the liquid. 

 
Small amounts of ordnance in the form of linear explosive assemblies are used to separate the stages 
during flight.  Other ordnance carried on the three-stage booster includes rocket motor igniter assemblies 
and an ordnance destruct package used only for test launches at Vandenberg AFB.  When combined these 
devices contain less than 1 lb (0.45 kg) of additional explosives. 
 
2.1.2 Propulsion System Rocket Engine (PSRE) 
 
Just above the third-stage motor on the MMIII is the PSRE.  It is a liquid propellant rocket unit consisting 
of two sealed propellant storage assemblies, a helium gas storage tank for pressurizing the propellant, and 
several small rocket engines.  The propellants used are monomethylhydrazine (CH6N2) as the fuel and 
nitrogen tetroxide (N2O4) as the oxidizer, which form a hypergolic combination.  The PSRE is completely 
assembled and fueled with 13.2 gallons (gal) (50 liters [L]) each of fuel and oxidizer at the time of 
manufacture.  The PSRE also contains a linear shaped charge made of less than 1 ounce (oz)(28 grams 
[g]) of explosives, which splits the fuel (monomethylhydrazine) tank when a destruct action is taken. 
 
2.1.3 Missile Guidance Set (MGS) and MOD 7 Instrumentation Wafer 
 
Mounted on top of the PSRE are the electronic MGS and the MOD 7 instrumentation wafer (used only 
for flight tests).  The guidance set is an inertial guidance system that directs the flight of the MMIII 
missile.  Components within the instrumentation wafer transmit data to track the missile flight path and 

Table 2-2  Solid-Propellant Rocket Motors 

Stage Main Chemical Components DOD Explosive Hazard 
Classification 

1st 
Ammonium Perchlorate 

Aluminum 
Polybutadiene-Acrylonitrile Class 1.3 

2nd Ammonium Perchlorate 
Aluminum 

Carboxyl Terminated Polybutadiene 
 

3rd 
Source:  W. Doke, personal communication, 27 February 2013 
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evaluate performance following launch from Vandenberg AFB.  Batteries used in the MGS and MOD 7 
are described in section 2.1.5 Batteries. 
 
2.1.4 Reentry System (RS) and Reentry Vehicles (RVs) 
 
The payload section on top of the MMIII missile is referred to as the RS.  Inside of the RS, the Support 
Payload Bulkhead provides a structural support base for one to three RVs (Figure 2-2) and carries the 
electronics needed to activate and deploy them in flight.  A two-piece shroud covers the bulkhead and 
RVs, protecting them during ascent.  The nose cap on top of the shroud contains a small rocket motor 
containing 6.8 lb (3.1 kg) of solid propellant, which ejects the shroud from the vehicle while in flight.  In 
its current configuration, the MMIII RS fielded at the Minuteman Wings employs either the Mk 12A or 
Mk 21 RV. 

 
 
For the MMIII flight tests conducted annually from Vandenberg AFB, the operational RVs are replaced 
with one Mk 21 or up to three Mk 12A inert RVs.  The test RVs do not contain any fissile materials; 
however, they do typically contain varying quantities of hazardous materials, including batteries, 
asbestos, depleted uranium (DU)1

 

, and other heavy metals.  In general, only one test RV per year contains 
high explosives; for the planned FY14 extended range flight tests, RVs do not contain high explosives.  
Other ordnance carried on the RS includes a shroud ejection motor initiator, gas generators, and gas 
generator initiators.  All test RVs typically include 0.29 to 22 oz (8.2 to 624 g) of asbestos; approximately 
0.035 to 0.353 oz (1 to 10 g) each of beryllium (Be), cadmium (Cd), and chromium (Cr); approximately 
4.8 oz (136 g) of lead; and an unspecified quantity of DU. 

2.1.5 Batteries 
 
To provide electrical power to the MMIII subsystems, several different types of batteries are carried on 
board the motors, the RS, and other sections of the missile.  These include multiple silver-zinc batteries, a 
single lithium carbon monofluoride battery, and a single lithium silicon/iron disulfide (thermal) battery.  
Approximately 15 batteries are carried on each MMIII flight test missile, depending on the RS 
                                                      
11  Uranium (U) is a silver-colored, radioactive metal that is nearly twice as dense as lead.  Small amounts of U occur naturally in 
soil, water, air, plants, and animals, and contribute to natural background radiation in the environment.  DU is a byproduct of the 
enrichment process used to make weapons grade U-235.  DU retains the natural toxicological properties of U, but has 
approximately half of its radiological activity.  DU is a non-fissile material.  (USAF, 2004)  

    Figure 2-2  Missile Payload Section 

Support Payload Bulkheads 

Reentry System 
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configuration used, each weighing from one to 21 lb (0.5 to 9.5 kg).  The individual Mk 12A RVs contain 
one silver zinc battery (weighing approximately 1.6 lb [0.7 kg]), while the Mk 21 RVs contains one silver 
zinc and one thermal battery (for a total battery weight of approximately 2.4 lb [1.1 kg]).  Additional 
details on the MMIII ICBM are available in the MMIII EA. 
 
2.2 No Action Alternative 
 
Under the No Action Alternative, the USAF would continue to conduct MMIII testing at the fixed 
Kwajalein Atoll ranges described and analyzed in the MMIII EA.  Up to four MMIII missile launches 
would be conducted annually from Vandenberg AFB (Figure 2-3) as previously analyzed.  Vandenberg 
AFB is the headquarters of the 30th Space Wing (SW), which conducts space and missile test launches, 
and operates the Western Range from where a number of ballistic missiles and space-lift vehicles launch. 
 
For each MMIII flight test, the USAF randomly selects a MMIII missile from a Minuteman Wing and the 
missile components are shipped to Vandenberg AFB for launch.  Prior to a launch, a Flight Termination 
System (FTS) destruct package is added to the MMIII to terminate motor thrust if unsafe conditions 
develop during powered flight. 
 
For each test flight, USAF personnel conduct a comprehensive safety analysis to determine specific 
launch and flight hazards for each test.  A standard dispersion computer model for both normal and 
aborted launch scenarios is run by installation safety personnel.  As part of the analysis, risks to off-base 
areas and non-participating aircraft, sea vessels, and personnel are determined.  The results of the analysis 
then are used to identify the launch hazard area, expended booster drop zones, and terminal hazard areas. 
 
A flight termination boundary along the vehicle flight path is also predetermined in case a launch vehicle 
malfunctions or a flight termination action occurs.  The flight termination boundary defines the limits at 
which command flight termination would be initiated to contain the vehicle and its debris within 
predetermined hazard and warning areas, thus minimizing the risk to test support personnel and the 
public.  Thrust would be terminated by initiation of the FTS, which splits the motor casing, releasing 
motor pressure.  The PSRE also contains a linear shaped charge which splits the fuel tank when a destruct 
action is taken.  These actions stop the booster’s forward thrust, causing the launch vehicle to reenter 
ballistically along a descending trajectory into the ocean. 
 
As a normal procedure, commercial and private aircraft and watercraft are notified of all the hazard areas 
several days prior to launch through a Notice to Airmen (NOTAM) and a Notice to Mariners 
(NOTMAR).  Within a day prior to launch, radar and other remote sensors are used to verify that the 
hazard areas are clear of non-mission-essential aircraft, vessels, and personnel. 
 
The USAG-KA/RTS supports the MMIII missions by providing tracking, sensing, and other technical and 
logistical support, typical of every day operations there.  An extensive array of missile tracking radars, 
optical sensors, and meteorological equipment are located on several of the islets and are deployed on 
LLNL Independent Diagnostic Scoring System (LIDSS) rafts (see Section 2.3.4) stored at USAG-KA.  
Other auxiliary sea-based, aircraft-based, and satellite-based sensors (optical and radar systems) also may 
be involved in tracking the missile and collecting data.  The missiles are targeted for either land or deep 
ocean impact in the vicinity of Illeginni Islet or the Kwajalein Missile Impact Scoring System (KMISS), 
within the RMI. 
 
At the conclusion of the flight tests, expended rocket motors and other missile hardware are not recovered 
from the ocean and RV recovery operations are not attempted in deeper waters for nominal missions. 
 
Overall mission readiness of the MMIII ICBM system and maintenance of national security would be 
jeopardized and the MMIII FDE mission would not be fulfilled under the No Action Alternative. 
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Figure 2-3  Minuteman III Flight Test Support Facilities 
at Vandenberg AFB, California 
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2.3 Proposed Action 
 
Under the Proposed Action, MMIII flight test launches from Vandenberg AFB would continue with 
extended range impacts in BOAs of the Pacific Ocean, as addressed in the MMIII ERFT EA, with the 
option for further range expansion and test performance scheduled to occur in 2014.  The USAF would 
continue to conduct up to two extended range MMIII FDE missions. 
 
Facilities at USAG-KA/RTS and Guam would provide logistical and technical support during the flight 
preparations and actual flight tests.  The proposed impact areas for the extended test range, which meet 
the AFGSC mission requirements and are coordinated for accessibility to the Navy Mobile 
Instrumentation Ship (NMIS), are approximately 800 nm (1,482 km) southwest of Guam.  The two 
trajectories for the two flight tests covered under this SEA are slightly different.  They both have rocket 
motor drop zones within the EEZ of Guam or Micronesia and planned missile component impacts within 
the EEZs of Micronesia and Palau, or within international waters.  No Proposed Action activities are 
planned for island locations within Micronesia or Palau. 
 
2.3.1 Launch Site Preparation and Operations at Vandenberg Air Force Base 
 
For pre-launch activities, there would be no difference from non-extended range flight tests.  The same 
locations, facilities, and procedures for launches at Vandenberg AFB described in the No Action 
Alternative would be used to support the Proposed Action flight tests with no plans for additional 
modifications or construction. 
 
Prior to conducting each MMIII ERFT, USAF and contractor personnel would conduct a comprehensive 
survey analysis to determine specific missile launch and flight hazards as per the No Action Alternative 
description.  The determined flight termination boundary would define the limits at which command 
flight termination would be initiated in order to contain the missile and its debris within predetermined 
hazard and warning areas, thus minimizing the risk to test support personnel and the general public. 
 
As part of standard operating procedures, international coordination for NOTAMs and NOTMARs will be 
managed through the USAF 30th SW at the USAG-KA/RTS range (30 SW/RTS), informing commercial 
and private aircraft and watercraft respectively of all hazard areas several days prior to launch.  Within a 
day prior to each launch, radar, and possibly other remote sensors are used to verify that the hazard areas 
are clear of non-mission-essential aircraft, vessels, and people. 
 
Should a MMIII missile head off course during an extended range flight test or should other problems 
occur during flight, the Missile Flight Control Officer would activate the FTS destruct package on the 
missile as described in the No Action Alternative. 
 
2.3.2 Launch Preparation in Guam 
 
For each MMIII ERFT flight test, LLNL and contractor personnel would pack and ship sensor rafts 
(described in section 2.3.4) in sea-worthy containers from Kwajalein Atoll to a Guam warehouse.  
Assembly and testing of the raft equipment would occur on Guam.  From the Guam warehouse, the rafts 
would be loaded onto an NMIS ship for the mission.  A day sail from an undetermined port may occur 
approximately one or more months before each actual flight test for personnel to train and practice 
deployment, operation, and recovery of the sensor rafts.  These activities require less than ten of the 
existing support personnel.  Shipping/receiving and storage facilities already on Kwajalein Atoll and 
Guam would be utilized. 



Minuteman III Extended Range Flight Testing  Final Supplemental Environmental Assessment 

2-7 

Figure 2-4  Representative Missile Flight Paths for Extended Range Flight Testing 

Figure 2-5  Representative Missile Impacts for Extended Range Flight Testing 
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2.3.3 Flight Test Scenario in the Over-Ocean Flight Corridor 
 
Figure 2-4 shows representative missile flight paths and the booster drop zones for MMIII extended range 
flight test missiles launched from Vandenberg AFB towards impact in BOAs in the EEZ of the ROP and 
within international waters.  Following motor burnout and separation, the spent first-stage motor would 
splash down in the Pacific Ocean approximately 105 nm (195 km) off the California coast.  The spent 
second-stage motor would impact approximately 790 to 815 nm (1,463 to 1,509 km) off the California 
coast.  The missile flight path would continue well north of the Hawaiian Islands since the missions are 
not designed to overfly populated areas.  The third-stage rocket motor debris splash-downs would occur 
approximately 4,900 to 5,200 nm (9,075 to 9,630 km) from the California coast, into a BOA within the 
Guam or FSM EEZ.  The thrust termination (TT) port assemblies would impact downrange of the third-
stage rocket motor debris by approximately 300 to 500 nm (556 to 926 km), in a BOA within the EEZ of 
Micronesia, approximately 38 nm (70 km) from the closest island in the State of Yap.  Towards the 
terminal end of each MMIII extended range flight test, the PBV and MGS fragments would impact in 
predetermined BOAs of Palau and Micronesia.  The one RV on each flight will continue traveling at 
hypersonic velocities towards the designated target areas (Figure 2-5). 
 
The three-sigma (3σ) dispersions for missile components are shown on Figure 2-5.  The impact dispersion 
of missile debris is the statistical deviation of the actual impact point from the predicted nominal impact 
point.  It is used to calculate the probability of impacting within a given distance of the nominal impact 
point.  The dispersion distance is provided in terms of a standard deviation value (referred to as sigma 
(σ)).  The provided three-sigma dispersions define the expected uprange, downrange, and crossrange 
limits of normal dispersion for components from the two missile flights. 
 
2.3.4 Terminal Phase Preparations and Operations on Land and at Sea 
 
Several measurement systems and sensors would be used to support the MMIII extended range flight 
tests.  The systems required are defined by location along the flight path trajectory to meet the mission 
test objectives and collect the required data for detailed evaluation of the flight tests (Table 2-3).  During 
the launch window, these systems will be used exclusively for the extended range tests.  Additionally, 
meteorological support would be provided by Vandenberg AFB, USAG-KA/RTS, and the NMIS ship. 
 
 
 
 
 
 
 
 
 
Using the TAGS-60 class ship as the platform, a Naval oceanographic survey service ship with cranes, 
winches, and survey sensors, the NMIS provides a modern, mobile, and portable test range 
instrumentation system.  The ship can support radar tracking, telemetry acquisition, optics, weather, and 
communications requirements for missile launches.  The survey ship also transports other sensor systems 
deployed at the target site.  The NMIS ship would be positioned within approximately 10 nm (18.5 km) 
from the impact site, nominally west and downrange of the RV impact. 
 
The Terminal Area Optical System (TAOS), self-contained in a sea-worthy container, would be located 
on the NMIS ship.  The TAOS includes optical and video systems with power and communication 
interfaces with the NMIS ship and data synergy between radar, optics and other sensors. 
 

Table 2-3  Support by Location Along Flight Path 
Uprange  Radar, telemetry, GPS, optics/video, meteorological, 

command transmitters 
Midrange Radar, telemetry 
RTS Radar, telemetry, meteorological 
Downrange  Radar, telemetry, optics, meteorological (aboard the NMIS 

ship), hydrophone rafts with neutron detectors and cameras 
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Figure 2-6.  Representative Sensor Raft System 

Source:  USAF, 2010 

Other data collection instruments transported by the NMIS ship at sea would include several types of 
reusable rafts developed by LLNL to include LLNL LIDSS multiple use rafts (Figure 2-6).  The rafts 
generally use twin battery-powered trolling motors for differential thrust navigation and station-keeping 
to ensure proper positioning for the flight impacts.  Power to the trolling motors is provided by marine 
gel-cell batteries.  The LIDSS detector rafts weigh approximately 1,600 lb (726 kg) and measure 
approximately 9 ft wide by 14 ft long (2.74 m by 4.27 m).  The camera rafts weigh approximately 2,000 
lb (907 kg).  The dimensions are 9 ft wide by 16 ft long (2.74 m by 4.88 m). 
Sensors on the rafts may include neutron 
detectors, still digital cameras, high-speed 
digital cameras, and video digital cameras.  
All of the rafts have hydrophones, which 
measure the sound from impacts to determine 
the exact splash-down location. 
 
Assembly and testing of the rafts would occur 
on Guam approximately one month before an 
actual flight.  Sixteen rafts would be deployed 
for each mission; thirteen detector rafts and 
three camera rafts.  For flight support, 
deployment and recovery of rafts would occur 
at sea from the NMIS ship.  Deployment 
formation typically is at a distance of 
approximately four or less nm (7.4 km) 
around the target impact location. 
 
As data collection instruments are deployed, LLNL personnel will observe the impact and surrounding 
area to the best of their ability for indications of marine mammal and sea turtle presence.  If such 
indications exist or marine mammal or sea turtle individuals are observed to persist in the impact or 
surrounding area, the presence will be reported by LLNL personnel to AFGSC personnel, who will 
determine the potential for holding launch activities to allow the animals to pass through the area of 
concern. 
 
2.3.4.1 Terminal Flight and Impact Activities 
 
Towards the terminal end of each MMIII extended range flight test, beyond the third-stage motor and TT 
port drop zones, the PBV and MGS fragments impact in predetermined areas of the BOA of ROP and 
FSM.  The one RV on each flight continues traveling at hypersonic velocities towards the designated 
target areas.  For both flight tests, the RVs impact approximately 80 nm (148 km) offshore from the 
closest island or within international waters into deep ocean waters where depths range from 10,000 to 
16,600 ft (3,048 to 5,060 m).  None of the extended range flight test RVs contains high explosives and the 
RVs remain intact until impact in the ocean. 
 
2.3.4.2 Post-Test Cleanup and Recovery Operations 
 
Following completion of each flight test, LLNL personnel would work to retrieve LIDSS rafts for 
transport to Guam.  The recovered rafts would be disassembled, re-packed, and shipped back from Guam 
to Kwajalein Atoll.  Expended rocket motors and other missile hardware are not recovered from the ocean 
and RV recovery operations are not attempted for nominal missions.  There are no onsite, physical 
assessment or post-test cleanup activities required for MMIII extended range flight tests. 
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2.4 Alternatives Eliminated From Further Consideration 
 
Other than Vandenberg AFB, there are no other alternative launch sites within the United States and its 
territories that can perform MMIII launches using existing facilities in a safe and secure operational-like 
manner.  Because of reliance on the limited availability of US Navy instrumentation assets on the NMIS 
ship, which will be in the geographic target area, the proposed extended range flight test impact locations 
are the only feasible alternative capable of hosting and accomplishing the specific data gathering 
objectives required for the missions at this time. 
 
2.5 Comparison of Environmental Consequences of the Proposed Action and No Action 

Alternative 
 
Table 2-4 presents a comparison of the potential environmental consequences of the Proposed Action and 
the No Action Alternative for those locations and resources affected.  A detailed discussion of these 
potential impacts is presented in Chapter 4.0 of this SEA. 
 
2.6 Identification of the Preferred Alternative 
 
The USAF’s preferred alternative is the Proposed Action, as described in Section 2.3 of this SEA. 
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Table 2-4  Comparison of Potential Environmental Consequences 
Location/Resources 

Affected 
No Action Alternative Proposed Action 

Launch (Vandenberg AFB) - Based on Findings of the MMIII EA 
Airspace 
Air Quality 
Noise 
Biological Resources 
Water Quality 

A Finding of No Significant Impact 
was prepared for the MMIII EA. 

No change from the No Action Alternative. 

Guam 

Health and Safety N/A 

The shipping/receiving, loading and 
unloading would be performed by trained 
and certified personnel. Shipboard personnel 
would train and practice deploying and 
retrieving sensor rafts prior to the actual 
flight tests. 

Hazardous Materials and 
Waste Management N/A 

Proper procedures for handling these 
materials and wastes are followed in 
accordance with all applicable Federal (e.g., 
29 CFR 1910), DOD, and Air Force, Army, 
and Navy regulations. Use and management 
of hazardous materials and the disposal of 
hazardous wastes require approval and 
coordination with LLNL or with the 
appropriate safety and environmental offices. 

Over-Ocean Flight Corridor 

Global Atmosphere 
A Finding of No Significant Impact 
was prepared for the MMIII EA. 

Flight tests would not contribute significantly 
to ozone layer depletion or to global 
warming. 

Health and Safety 

A Finding of No Significant Impact 
was prepared for the MMIII EA. 

NOTAMs and NOTMARs would be issued 
for the flight corridor. Allowable public risk 
limits would be extremely low; individuals 
within the general public would not be 
exposed to a probability of casualty greater 
than 30 in 1,000,000 for a single mission. By 
adhering to established and proven safety 
standards and procedures, the level of risk to 
all personnel would be minimal. 

Biological Resources 

A Finding of No Significant Impact 
was prepared for the MMIII. 

The potential for effects to marine species 
and critical habitat from sonic booms or 
debris if flight termination were required 
would be remote. 

Proposed Impact Areas - Broad Ocean Areas of the North Pacific Ocean 
Air Quality  N/A Air emissions generated would primarily 

occur above the mixing layer and be quickly 
dispersed and diluted over a large geographic 
area.  No violation of air quality standards or 
health-based standards for non-criteria 
pollutants would be anticipated. 
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Table 2-4  Comparison of Potential Environmental Consequences (Continued 
Location/Resources 

Affected 
No Action Alternative Proposed Action 

Proposed Impact Areas - Broad Ocean Areas of the North Pacific Ocean - Continued 
Biological Resources 
Water Quality and Noise 
were included for 
potential impacts on 
marine life. 
 

• Fish No change from the No Action 
Alternative as assessed in the MMIII 
ERFT EA. 
• Sea Turtles No change from the No 
Action Alternative as assessed in the 
MMIII ERFT EA. 
• Marine Mammals No change from 
the No Action Alternative as assessed 
in the MMIII ERFT EA. 
 

• Fish No change from the Proposed Action 
as assessed in the MMIII ERFT EA. 
• Sea Turtles Within impact areas, there are 
no features that would cause concentrations 
of sea turtles. Based on conservative 
estimates of sea turtle densities coupled 
with conservative estimates of hearing, it 
was determined that only a negligible 
number of sea turtles (i.e., <0.0005) might 
be affected acoustically or non-acoustically 
by proposed extended range flight testing. 
• Marine Mammals For Level B 
harassment, there would be no predicted 
“takes” of an individual marine mammal 
species of more than 0.0005 annually due to 
acoustic impacts. For Level A injury or 
mortality, the potential for “takes” due to 
acoustic impacts would approach zero. For 
non-acoustic effects, given the estimated 
marine mammal densities along the flight 
path and in the impact areas, the probability 
that marine mammals would be affected by 
falling debris is very low to negligible. 

Health and Safety No change from the Proposed Action as 
assessed in the MMIII ERFT EA. 

The flight tests would be conducted using 
established range safety standards and 
procedures.  Sensor raft activities would be 
performed in compliance with all shipboard 
safety requirements and under the oversight 
of a highly experienced supervisor. 

Hazardous Materials and 
Waste Management 

No change from the Proposed Action as 
assessed in the MMIII ERFT EA. 

RVs breakup on impact; hazardous 
materials contained in the RVs are rapidly 
diluted in ocean waters and/or sink to the 
ocean floor.  Any accidental spills from 
support equipment operations would be 
contained and cleaned up in accordance 
with US and DOD requirements.  Resulting 
waste materials would be returned to Guam 
for proper storage and disposal in 
accordance with US regulations.  Hazardous 
waste and other waste-handling capacities at 
Guam would not be exceeded, and waste 
management programs would not change. 

Noise No change from the Proposed Action as 
assessed in the MMIII ERFT EA 

No land region would be exposed to RV 
sonic booms. The NMIS ship would be 
downrange and personnel would follow 
applicable Hearing Conservation Programs. 
No test support personnel would be 
affected. 
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3.0 AFFECTED ENVIRONMENT 
 
This chapter describes the environmental resources at the locations identified in the Proposed Action—
Vandenberg AFB, Guam, the over-ocean flight corridor, and BOAs of Guam, the Federated States of 
Micronesia, the Republic of Palau, and international waters.  The chapter is organized by location, 
describing each environmental resource or topical area that could be affected at that site by implementing 
the Proposed Action. 
 
Some of the resource topics originally discussed in the MMIII ERFT EA remain essentially the same 
and/or are unlikely to be affected by implementation of the Proposed Action analyzed in this SEA.  The 
flight launch activities and affected environment topics are relatively the same as those for the MMIII 
modification flights and the ERFT flight tests.  To minimize redundancy, this SEA focuses on those 
resource topics where substantive changes or alterations have occurred within the resource topics or in the 
region of influence (ROI).  For those resource topics not addressed in detail herein, the MMIII EA and the 
MMIII ERFT EA are incorporated by reference and considered valid for current analysis purposes.2

 
 

The information and data presented in the SEA correspond to the importance of the potential affects to 
provide the proper context for evaluating impacts.  Sources of data used and cited in the preparation of 
this chapter include available literature (such as EAs, EISs, and other environmental studies), installation 
and facility personnel, and regulatory agencies.  The rationale for excluding certain environmental 
resource topics from further study is described in the introductory section for each location. 
 
The information contained in this Chapter serves as the baseline against which the predicted effects of the 
Proposed Action can be compared.  The potential environmental effects of the Proposed Action and No 
Action Alternative are discussed in Chapter 4.0. 
 
3.1 Vandenberg Air Force Base 
 
Vandenberg AFB is located in Santa Barbara County on the central coast of CA, about 50 miles (mi) (80 
km) northwest of the City of Santa Barbara.  Covering more than 98,000 acres (39,660 hectares), it is the 
third largest USAF installation in the US.  A primary mission for the base is to conduct and support space 
and missile launches.  Located along the Pacific coast, Vandenberg AFB is the only facility in the US 
from which unmanned Government and commercial satellites can be launched into polar orbit, and where 
land-based ICBMs can be launched to verify weapon system performance. 
 
Rationale for Environmental Resources Analyzed 
For proposed MMIII ERFT activities at Vandenberg AFB the affected environment topics were evaluated 
in detail in the MMIII EA.  These were:  air quality, noise, biological resources, health and safety, and 
hazardous materials and waste management.  Surface water quality also was included in the analysis from 
the standpoint of potential impacts on vegetation and wildlife.  Other resource topics for Vandenberg 
AFB were not analyzed further in the MMIII EA because the resources were not involved in the MMIII 
activities.  Launches for MMIII ERFT essentially are unchanged from other MMIII launches, although 
LF-26 is no longer used.  There have been few or no changes to the affected environment, to the MMIII 
program and launch activities, or to the resulting environmental effects since completion of the MMIII 
EA (Section 4.1).  A summary of the Health and Safety environment, which is applicable to the ERFT 
flights, and pertinent changes to Biological Resources are provided below. 

                                                      
22  The MMIII EA can be accessed on the DTIC web site at http://www.dtic.mil/dtic/tr/fulltext/u2/a434266.pdf. 
  

http://www.dtic.mil/dtic/tr/fulltext/u2/a434266.pdf�
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3.1.1 Health and Safety 
 
Prior to each MMIII ERFT, USAF and contractor personnel would conduct a comprehensive survey 
analysis to determine specific missile launch and flight hazards.  The determined flight termination 
boundary would define the limits at which command flight termination would be initiated in order to 
contain the missile and its debris within predetermined hazard and warning areas, thus minimizing the 
risk to test support personnel and the general public. 
 
International coordination for NOTAMs and NOTMARs will be managed through the USAF 30th SW at 
the USAG-KA/RTS range, informing commercial and private aircraft and watercraft respectively of all 
hazard areas several days prior to launch.  Within a day prior to each launch, radar, and possibly other 
remote sensors are used to verify that the hazard areas are clear of non-mission-essential aircraft, vessels, 
and people. 
 
Should a MMIII missile head off course during an extended range flight test or should other problems 
occur during flight, the Missile Flight Control Officer would activate the FTS destruct package on the 
missile as described in the No Action Alternative. 
 
3.1.2 Biological Resources 
 
The NMFS designated critical habitat for the leatherback sea turtle (Dermochelys coriacea) along the 
west US coast in January 26, 2012 (50 CFR Part 226).  The critical habitat includes an area off the 
California coast between Point Arena to the north and Point Arguello to the south, out to the 3,000 m 
isobath, identified as Area 7.  Based on the map and scale provide in the Federal Register (January 26, 
2012), the Area 7 designated critical habitat (DCH) has a western boundary at the 9,843 feet (3,000 
meter) isobath, and extends at its widest point less than approximately 75 miles off the California coast.  
The southern edge of Area 7 DCH is opposite of the launch sites at Vandenberg AFB. 
 
3.2 Guam 
 
In preparation for the proposed MMIII ERFT missile flights, an NMIS ship carrying sensor rafts and 
telemetry sensors would temporarily dock at the island of Guam.  Equipment would be loaded aboard 
from storage facilities prior to departing for the proposed impact sites in the BOAs.  Equipment required 
for these activities will use hazardous materials as described in Section 3.2.2. 
 
Rationale for Environmental Resources Analyzed 
For proposed MMIII ERFT flight test activities at Guam the affected environment topics are health and 
safety and hazardous materials and waste management.  Other resource topics for Guam were not 
analyzed further because the resources were not involved in the MMIII ERFT activities. 
 
3.2.1 Health and Safety 
 
About a month before the planned missile test flight, LLNL and contractor personnel would pack the 
sensor rafts and calibration equipment in sea-worthy containers and ship them from Kwajalein Atoll to a 
Guam warehouse for each MMIII extended range flight test.  From the warehouse, the rafts would be 
loaded onto an NMIS ship for the mission.  Existing shipping/receiving, storage, and docking facilities on 
Kwajalein Atoll and Guam would be utilized; these activities are similar to operations occurring every 
day at both locations.  Only trained and certified operators would operate the lifting and loading 
equipment.  Assembly and testing of the raft equipment would occur on Guam.  A day sail from an 
undetermined port may occur within approximately one or more months before each actual flight test for 
personnel to train and practice deployment, operation, and recovery of the sensor rafts, under the 
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supervision of a highly experienced supervisor.  These activities require less than ten of the existing 
support personnel.  All required Occupational Health and Safety Administration (OSHA) regulations 
within 29 CFR would be followed, as well as all appropriate DOD, LLNL, and environmental guidance, 
directives and procedures. 
 
3.2.2 Hazardous Materials and Waste Management 
 
The equipment associated with the shipping/receiving, storage, loading/unloading at Guam likely would 
require batteries, fuels, oils and lubricants.  The facilities would follow US Resource Conservation and 
Recovery Act requirements for management of hazardous materials.  This includes having spill 
prevention, control, and countermeasure (SPCC) plans in place in the event of a spill or release of 
hazardous materials, with procedures for disposing of waste following a spill event cleanup. 
 
3.3 Over-Ocean Flight Corridor and the Global Environment 
 
Because of the potential global effects of testing rockets over the ocean and through the earth’s 
atmosphere, this SEA also considers the environmental effects on the global environment in accordance 
with the requirements of Executive Order (EO) 12114, Environmental Effects of Major Federal Actions, 
and DODD 6050.7, Environmental Effects Abroad of Major Department of Defense Actions.  Although 
unlikely to occur, flight termination also is discussed briefly.  This section describes the baseline 
conditions within the Pacific over-ocean flight corridor (Figure 3-1) that may be affected by the proposed 
MMIII ERFT activities. 
 
Rationale for Environmental Resources Analyzed 
For purposes of this analysis, the ROI is focused primarily on the MMIII ERFT missile flight test corridor 
over the central North Pacific Ocean, downrange along the launch vehicle flight path, about 6,000 nm 
(11,112 km) off the CA coast to the vicinities of the Guam, Micronesia, and Palau EEZs, and to 
international waters, where missile component drop zones and sonic booms typically would occur.  
Impacts of the first and second stage rocket motors dropping within 200 nm (370 km) of the CA coast and 
associated sonic booms also occurring within 25 nm (46 km) of the CA coast following a launch are 
evaluated in the MMIII EA and are not repeated here.  Because of the limited scope of the Proposed 
Action in the over-ocean flight corridor, the global atmosphere, health and safety, and the biological 
resources within the North Pacific Ocean were the only resource areas analyzed.  Water quality and noise 
were included in the biological resources analysis to account for potential impacts on marine life.  Other 
environmental resources within the ROI were not evaluated in this SEA because: (1) effects would be 
limited to the over-ocean flight corridor, thus, there is no potential for impacts to cultural resources, land 
use, soils, and groundwater; and (2) since the ROI is well removed from population centers, no impacts to 
socioeconomics, utilities, waste management, or transportation are anticipated, nor are environmental 
justice (Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations) concerns expected. 
 
3.3.1 Global Atmosphere 

 
3.3.1.1 Stratospheric Ozone Layer 
 
The stratosphere, which extends from 6 mi (10 km) to approximately 30 mi (50 km) in altitude, contains 
the Earth’s ozone layer (National Oceanic and Atmospheric Administration [NOAA], 2008).  The ozone 
layer plays a vital role in absorbing harmful ultraviolet radiation from the sun.  Over the last 20 years, 
anthropogenic (human-made) gases released into the atmosphere—primarily chlorine related 
substances—have threatened ozone concentrations in the stratosphere which filter harmful ultraviolet 
sunlight.  Such materials include chlorofluorocarbons (CFCs), which have been widely used in electronics 
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and refrigeration systems, and the lesser-used halons, which are extremely effective fire extinguishing 
agents.  Once released, the motions of the atmosphere mix the gases worldwide until they reach the 
stratosphere, where ultraviolet radiation releases their chlorine and bromine components. 
 
Through global compliance with the 1987 Montreal Protocol on Substances that Deplete the Ozone Layer 
and amendments, the worldwide production of CFCs and other ozone-depleting substances has been 
drastically reduced and banned in many countries.  A continuation of these compliance efforts is expected 
to allow for a slow recovery of the ozone layer (World Meteorological Organization [WMO], 2010). 

Figure 3-1  Representative Over-Ocean Flight Corridors 
 
3.3.2 Health and Safety 
 
Air Force Policy Directive 91-2 (Safety Programs) (USAF, 2012b) establishes the key USAF safety 
policies and describes success-oriented feedback and performance metrics to measure policy 
implementation.  Final responsibility and authority for the safe conduct of ballistic and space vehicle 
operations belongs to the 30th SW Commander.  Establishing and managing the overall safety program is 
the responsibility of the 30th SW Safety Office.  Range safety policy requirements for ballistic and space 
vehicle operations are defined in Eastern and Western Range (EWR) 127-1 (Range Safety Requirements) 
(USAF, 1997).  The Air Force Space Command (AFSPC) Manual 91-710 (Range Safety User 
Requirements) (USAF, 2011) establishes range safety policy, and defines requirements and procedures for 
ballistic and space vehicle operations at Vandenberg AFB.  Over-ocean launches must comply with DOD 
Instruction 4540.01 (Use of International Airspace by US Military Aircraft and for Missile/Projectile 
Firings) (DOD, 2007). 
 
For MMIII ERFT flight tests, 30 SW Office at Vandenberg AFB provides range support for the over-
ocean flight corridor, and 30 SW/RTS at USAG-KA and the NMIS ship provide range support for the 
terminal phase of flight.  Health and Safety for MMIII missile launches were evaluated in the MMIII EA 
(Sections 3.3 and 4.3 Vandenberg Air Force Base, Sections 3.3.4 and 4.3.4 Health and Safety); that 
evaluation also is applicable for the MMIII ERFT launches.  Thus, the ROI for health and safety focuses 
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on public notices and potential flight termination, and includes consideration of DOD, LLNL, and 
contractor personnel, and the general public. 
 
High-altitude jet routes crisscross the North Pacific Ocean.  Since the airspace over the over-ocean flight 
path and proposed impact areas is international, the procedures of the International Civil Aviation 
Organization (ICAO) are followed, as outlined in ICAO Document 4444- RAC/501, Rules of the Air and 
Air Traffic Services (ICAO, 1996).  Air Traffic Service outside US airspace is provided in accordance 
with Article 12, Rules of the Air, and Annex 11, Air Traffic Regulations and Air Traffic Services, of the 
ICAO Convention.  The Federal Aviation Administration (FAA) acts as the US agent for aeronautical 
information to the ICAO. (USASMDC/ARSTRAT, 2003) 
 
Safety procedures and practices for all MMIII test flights are well developed and regularly in use.  As part 
of standard procedures commercial and private aircraft and watercraft are notified of all the hazard areas 
along the flight path several days prior to launch through a NOTAM and a NOTMAR, respectively.  The 
NOTAM and NOTMAR are published and circulated by 30 SW/RTS in accordance with 30 SWI 91-104 
(Operations Hazard Notice) to warn personnel to avoid hazard areas within international airspace and 
waters. (USASMDC/ARSTRAT, 2003) 
 
The 30 SW Safety Office conducts a comprehensive safety analysis prior to each launch to determine 
specific missile launch and flight hazards to ensure populated areas, critical range assets, and civilian 
property susceptible to damage are outside predicted impact/debris limits.  As part of this analysis, risks 
to off-base areas and non-participating aircraft, sea vessels, and personnel are determined.  These actions 
include a review of flight trajectories and hazard area dimensions, and review and approval of destruct 
systems.  The results of this analysis are used to identify the launch hazard area, expended booster drop 
zones, post-boost vehicle impact areas, and terminal hazard areas for the RVs.  Criteria used to determine 
debris hazard risks are in accordance with the Range Commanders Council (RCC) Standard 321-10, 
Common Risk Criteria Standards for National Test Ranges. 
 
A flight termination boundary along the MMIII ERFT missile over-ocean flight path also is 
predetermined, should a missile malfunction or flight termination action occur.  The flight termination 
boundary defines the limits at which command flight termination would be initiated in order to contain 
the missile and its debris within predetermined hazard and warning areas, thus minimizing the risk to test 
support personnel and the general public.  Flight corridors are designed to avoid inhabited areas.  Should 
a MMIII missile head off course or should other problems occur during flight, the Missile Flight Control 
Officer would activate the destruct package on the missile.  This would stop the vehicle’s forward thrust 
and the missile would then reenter ballistically along a descending trajectory into the ocean.  The 
probability for an aborted MMIII ERFT flight to occur is extremely low. 
 
3.3.3 Biological Resources 
 
Native or naturalized vegetation, wildlife, and the habitats in which they occur collectively are referred to 
as biological resources.  Since the potential impacts would occur in the marine environment, existing 
information on marine wildlife species and habitat types in the vicinity of the proposed impact areas was 
reviewed, with special emphasis on the presence of any species listed as candidate, threatened, or 
endangered by Federal and other governmental applicable agencies, to assess their sensitivity to the 
effects of the No-action Alternative and Proposed Action.  These species are discussed in Section 3.4.2.  
With the exception of pinnipeds, which are presented below, the affected environment for the global 
atmosphere and the over-ocean flight would be similar in nature. 
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Pinnipeds 
Pinnipeds (seals and sea lions) use beaches and rocky shores along coasts to rest, molt, or breed.  
Pinnipeds often can be found hauled-out onshore.  Although many species of pinnipeds are known to 
migrate extensively, populations are generally known to stay within the continental shelf and near oceanic 
islands where food sources are available.  However, little is known of their offshore habits or distribution.  
The pelagic distribution and behaviors of monk seals are currently not known; however, it is believed that 
they undertake long pelagic migrations.  The only pinniped that occurs in the tropical Pacific Ocean is the 
Hawaiian monk seal (Monachus schauinslandi), an ESA-listed species that is also Federally protected 
under the MMPA.  It is found on the sandy beaches and in the surrounding waters of the Northwestern 
Hawaiian Archipelago, known as the Leeward Chain, including: Kure Atoll, Midway Atoll, Pearl and 
Hermes Reef, Lisianski Island, Laysan Island, and French Frigate Shoals.  Small populations also occur at 
Necker and Nihoa islands.  While different island subpopulations exist, they are all managed as a single 
stock by the NOAA Fisheries.  The population continues to decline.  (USAF, 2006a) 
 
Critical habitat was designated under the ESA for the Hawaiian monk seal on May 26, 1988 (53 FR 
18988).  DCH extends from shore to a depth of 20 fathoms in ten areas of the Northwest Hawaiian Islands 
(NWHI).  On June 2, 2011, NMFS proposed to expand monk seal critical habitat in the NWHI, to include 
new islands (including Sand Island at Midway), and to redefine the terrestrial limits to include all beach 
areas and the deepest inland extent of beach crest vegetation, and to extend the marine limits out to the 
500 meter isobath.  (76 FR 32026.) 
 
Noise and Biological Resources 
In the marine environment, there are many different sources of noise, both natural and anthropogenic 
(man-made).  Biologically produced sounds include whale songs, dolphin clicks, and fish vocalizations.  
Natural geophysical sources include wind-generated waves, earthquakes, precipitation, and lightning 
storms.  Anthropogenic sounds are generated by a variety of activities, including commercial shipping, 
geophysical surveys, oil drilling and production, dredging and construction, sonar systems, DOD test 
activities and training maneuvers, and oceanographic research (USAF, 2006b). 
 
Noise most often is defined as unwanted sound heard by people or wildlife and that interferes with normal 
activities or otherwise diminishes the quality of the environment.  Sources of noise may be transient (e.g., 
a passing train or aircraft), continuous (e.g., heavy traffic or air conditioning equipment), or impulsive 
(e.g., a sonic boom or a pile driver).  Sound waves traveling outward from a source exert a sound pressure 
measured in decibels (dB).  The greatest sound pressure level recorded during a specific period of time is 
termed the peak sound pressure level, further qualified as weighted or unweighted (i.e., unfiltered).  Peak 
sound values can be so short in duration and at such a frequency that they are missed by the human ear. 
 
While measurements for sound pressure levels in air are referenced to 20 microPascals (µPa), underwater 
sound levels are normalized to 1 µPa, a standard used in underwater sound measurement.  This 
convention would make a sound in air referenced to 20 µPa effectively shift 26 dB when described in 
water referenced 1 µPa.  Within the ROI, some of the loudest underwater sounds generated are most 
likely to originate from storms, ships, and some marine mammals.  The sound of thunder from a nearby 
lightning strike can have source levels of up to 260 dB (referenced [re] 1 µPa) underwater.  A passing 
supertanker can generate up to 190 dB (re 1 µPa) of low frequency sound.  For marine mammals, 
odontocetes such as dolphins are known to produce brief echolocation signals over 225 dB (re 1 µPa), 
while mature sperm whale clicks have been calculated as high as 232 dB (re 1 µPa) (USAF, 2006b).  
Baleen whales (mysticetes) such as blue whales are known to produce calls as loud as 188 dB (re 1 µPa) 
(Cummings and Thompson, 1971). 
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3.4 Proposed Impacts Areas – Broad Ocean Areas of the Pacific Ocean 

 
Rationale for Environmental Resources Analyzed 
For the MMIII extended range flight test activities within the EEZs of Guam, Micronesia, and Palau, and 
within international waters, air quality, biological resources, health and safety, hazardous materials and 
waste management, and noise are the only resource areas analyzed.  Water quality also was included in 
the biological resources analysis to account for potential impacts on marine life.  Other resource topics 
were not analyzed further because:  (1) the Proposed Action requires no ground-disturbing activities, thus 
no impacts to soils would occur; (2) mostly existing DOD, LLNL, and contractor personnel would be 
involved, thus, there are no socioeconomic concerns; (3) through avoidance of high altitude jet routes 
(USASMDC/ARSTRAT, 2007) and the application of existing range safety procedures, there would be 
no major impacts on airspace; and (4) the Proposed Action is similar to current MMIII operations.  As a 
result, there would be no adverse effects on land use, utilities, solid waste management, or transportation. 
 
Climate 
The tropical zone is defined as the area approximately between 23.5° North (N) and South (S) latitude 
(measured from the Equator).  The subtropical regions are the climatic zones typically found adjacent to 
the tropics, usually between 23.5° and 40° latitude in both hemispheres.  Temperate latitudes of the globe 
lie between where the tropics and where the polar regions are located, generally between at 23.5° and 66° 
N and S, and are inclusive of the subtropical regions. 
 
The climate for the proposed impacts areas generally is tropical, where there is little seasonal change in 
either temperature or rainfall.  Slightly greater day-night differences in temperature and seasonal variation 
in temperature and rainfall occur closer to Guam, which is located about six degrees latitude farther north 
from the Equator than Palau.  The tropical climate is tempered by trade winds and ocean currents flowing 
across the Pacific Ocean, three of which converge near Palau.  Daily temperatures range between 70° and 
90°F (20° and 30°C).  There is a dry season roughly within the first half of each calendar year followed 
by a wet season punctuated by typhoons (CIA, 2012; Wolanski & Furukawa, 2007). 
 
Ocean Characteristics 
The Pacific Ocean is the largest of the world’s 
oceans, larger than all of the Earth's land area 
combined, and is subdivided by the equator into 
the North Pacific Ocean and South Pacific 
Ocean.  Within the North latitudes, there are 
broad expanses of ocean without land areas and 
other areas scattered with archipelagos (small 
chains of islands).  For the purposes of this SEA, 
the BOAs of the Pacific Ocean are defined as 
those areas with a minimum water depth of 500 ft 
(152 m) that generally are more than 35 nm (65 
km) from inhabited islands.  The proposed target 
areas are within the western portion of the North 
Pacific Ocean (Figure 3-2). 
 
The general composition of the ocean includes 
sodium chloride, dissolved gases, minerals, and 
nutrients.  These components determine and 
direct the interactions between the seawater 
and its inhabitants.  The most important chemical    Figure 3-2  Proposed Impact Areas in BOAs 
and physical chemical properties of the waters of                            of the Pacific Ocean 

Derived from Oceania-Maps, 2012 

http://en.wikipedia.org/wiki/Climate�
http://en.wikipedia.org/wiki/Latitude�
http://en.wikipedia.org/wiki/Globe�
http://en.wikipedia.org/wiki/Polar_region�
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the broad open ocean areas of the Pacific are salinity, density, temperature, pH, and the concentration of 
dissolved gases. 
 

• Salinity is approximately 35 parts of salt per 1,000 parts of seawater. 
• The temperature of the seawater generally is at 39.2°F (4°C). 
• The pH of surface waters generally is neutral or slightly basic at a pH between 8.1 and 8.3. 
• The oxygen content of the seawater is variable, depending on plant production, consumption by 

animals and plants, bacterial decomposition, and surface interactions with the atmosphere. 
• Carbon dioxide is 60 times more concentrated in seawater than it is in the atmosphere. 

 
Water quality in the open ocean is excellent, with high water clarity, low concentrations of suspended 
matter, dissolved oxygen concentrations at or near saturation, and low concentrations of contaminants 
such as trace metals and hydrocarbons. (USN, 1998) 
 
Ocean Sediments 
Because a relatively small land area drains into the Pacific, and because of the ocean’s immense size, 
most sediments are authigenic (formed at the site) or pelagic (clay and shell fragments that settle through 
the water column) in origin.  Terrigenous sediments (formed by erosion) are confined to narrow marginal 
bands close to land (USAF, 2006a). 
 
Regional Geology 
The floor of the Pacific Ocean is 
relatively uniform, with a mean depth of 
about 14,000 ft (4,270 m).  The major 
irregularities are extremely steep-sided, 
flat-topped submarine peaks known as 
seamounts.  The western part of the sea 
floor consists of mountain arcs that rise 
above the sea as island groups, such as 
the Solomon Islands and New Zealand, 
and deep trenches (USAF, 2006a).  The 
Philippine Sea Plate, situated west of the 
Marianas Islands in the Pacific Ocean, is 
surrounded by deep-sea trenches 
associated with subducted tectonic slabs.  
The Yap Trench constitutes a link 
between the Palau Trench, located east of 
Palau, and the Mariana Trench, a deep 
plate subduction zone that lies to the east 
along the Marianas Islands archipelago 
(Figure 3-3). 
 
The Mariana Trench contains some of 
the deepest known points in the global 
ocean and is recognized as the oldest 
place geologically on the floor of any 
ocean on earth (USFWS, 2012).  Guam,          Figure 3-3  Tectonic Features With Directional Plate 
at the southern end of the Marianas Islands, Movements Near the Proposed Impact Areas 
sits at the edge of the overlap between the 
Philippine Sea Plate and the Pacific Plate.  The Palau islands are the southern extension of the Kyushu-
Palau Ridge, which trends north-to-south through the Philippine Sea Plate (Kobayashi, 2004).  The 

PP  aa  cc  ii  ff  ii  cc      PP  ll  aa  tt  ee  

PP  hh  ii  ll  ii  pp  pp  ii  nn  ee    SS  ee  aa    PP  ll  aa  tt  ee  

Source: Kobayashi, 2004 

http://en.wikipedia.org/wiki/Subduction�
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Pacific Plate and West Caroline Basin are subducting beneath the Mariana and Yap trenches (Srdolias et 
al., 2004). 
 
The geologic origins of the Marianas Islands, including Guam, are volcanic with uplift of surrounding 
coralline limestone (NAVFAC, 2010).  The islands of the State of Yap in Micronesia are composed 
mainly of uplifted metamorphic rocks derived from melange (extremely large, mappable-sized rocks) 
trapped in the Yap Trench and of volcanic rocks (Nedachi et al., 2001).  The islands of Palau originated 
within the Kyushu-Palau Ridge, which includes a chain of extinct volcanoes and uplifted coral. 
 
Protected Areas (Marine Sanctuaries and National Wildlife Refuges) 
Several marine sanctuaries are located near the proposed impacts sites: 
 

• Mariana Trench National Marine Monument and Wildlife Refuge, located east of the southern 
Mariana Islands 

• Micronesian Regional Shark Sanctuary, spans approximately 2 million square miles (5 million 
square km), consisting of the territorial waters of all Micronesian islands involved in an agreement 
including Micronesia, Territory of Guam, Palau, and the Northern Marianas and Marshall Islands.  
It became the world’s largest shark finning sanctuary in December 2012. 

• Pohnpei Marine Sanctuary and Wildlife Refuge, comprises eleven coastal marine sanctuaries 
around the island of Pohnpei within the FSM 

• Yap Manta Ray Sanctuary, within 12 nm (22 km) of the islands within the State of Yap in 
Micronesia 

• Palau Marine Mammals Sanctuary, within the EEZ of Palau (Figure 3-4) 
 
Of the listed protected areas, only the Palau Marine Mammal Sanctuary is within a targeted area for the 
MMIII ERFT missile components and has potential for effects from the Proposed Action activities. 
 
3.4.1 Air Quality 
 
Studies in Pacific locations 
have shown seasonal variations 
in the concentrations of man-
made emissions, consisting of 
sulfate, nitrate, and dust.  Each 
spring, large quantities of 
pollution, aerosols, and mineral 
dust are carried eastward out of 
Asia and transported over a 
broad region of the northern 
Pacific Ocean.  Although an 
increasing trend in emission 
levels was occurring from the 
early 1980s to the mid-1990s, a 
more recent downward trend 
was recorded up through 2000 
(Husar, Prospero, and Stowe 
1997; Prospero, Olmez, and 
Ames, 2001).           Figure 3-4  Palau EEZ / Marine 
            Mammal Sanctuary Boundary 
 

Source: PacIOOS, 2012 

Palau Marine 
         Mammal Sanctuary 
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Dominant during much of the year, trade winds effectively disperse air emissions at the proposed impact 
areas.  Winds generally are from the northeast at 9 to 16 miles per hour (14.5 to 26 kilometers per hour).   
The summer months, however, can bring relatively calm conditions (Windfinder, 2012).  Because of the 
lack of air-pollution sources, the dispersal of emissions by trade winds, and the lack of topographic 
features that inhibit dispersion, air quality in the BOA is considered excellent.  Unlike the continental US, 
tropospheric ozone is not a concern. 
 
3.4.2 Biological Resources 
 
Since marine species are the same or similar in all of the proposed impact areas, the discussion will be 
combined under one heading.  Species found in individual locations will be included as applicable. 
 
3.4.2.1 Major Laws and Regulations Governing Marine Biological Resources 
 
United States 
The Endangered Species Act of 1973 (ESA) (16 USC. 1531-1544, 87 Stat. 884, as amended) applies to 
Federal actions in two separate respects.  First, Section 7 of the US ESA requires Federal agencies to 
ensure proposed actions are not likely to jeopardize the continued existence of threatened or endangered 
species or result in the destruction or adverse modification of designated critical habitat.  Regulations 
implementing the US ESA require that to avoid this situation of jeopardizing the species' existence, the 
Federal agency is required to determine if threatened or endangered species are present in the area 
affected by the Proposed Action and consult with either or both of the appropriate resource agencies 
(NMFS or USFWS) when the agency proponent determines a Proposed Action may adversely affect a 
threatened or endangered species.  Secondly, Section 9 of the US ESA requires Federal agencies to obtain 
an incidental take statement from the responsible resource agency should a take (including harm or 
harassment) result from implementing the Proposed Action.  Take under the ESA is defined as “to harass, 
harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such 
conduct.”  Every individual of a species listed under the ESA is a protected entity, and any take of an 
individual would be considered an impact.  For those species or populations that are ESA-listed, the 
evaluation of effects focuses on the individual.  The US MMPA (16 USC. 1361, et seq.) gives the 
USFWS and NMFS co-authority and outlines prohibitions for the taking of marine mammals.  Under the 
MMPA, a take means to attempt to as well as to actually harass, hunt, capture, kill or collect any marine 
mammal.  Subject to certain exceptions, the Act establishes a moratorium on the taking and importation 
of marine mammals.  Exceptions to the taking prohibition allow USFWS and NMFS to authorize the 
incidental taking of small numbers of marine mammals in certain instances. 
 
Guam Territory 
Pursuant to Section 6 of the US ESA, a cooperative agreement exists between the Guam Government 
Department of Agriculture, Division of Aquatic and Wildlife Resources (DAWR) and the USFWS and 
NMFS that provides for funding and implementation of programs for endangered species research and 
recovery.  The DAWR administers the Endangered Species Act of Guam (Guam Public Law 15-36:1) and 
the Fish, Game, Forestry, and Conservation Act (5 Guam Code Annotated [GCA] 63101-63117), which 
mandates control and regulation of fish and game in and about Guam.  The US MMPA protects all marine 
mammals found in the waters of Guam.  Other Guam Government resource agencies have specific 
mandates in relation to marine mammal conservation.  The Bureau of Statistics and Plans administers the 
Guam Coastal Management Plan through the Coastal Zone Management Act of 1972 (Guam Public Law 
92-583 and Public Law 94-370).  It guides the use, protection, and development of land and ocean 
resources within the coastal zone, which includes all non-federal property and all submerged lands and 
waters out to 3 nm (6 km) from the shoreline.  However, the impact sites are not included in this area. 
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Federated States of Micronesia 
Pursuant to the Constitution of the FSM in Article 1, FSM asserts marine jurisdiction of 200 nm (370 km) 
outward from its baselines.  FSM shares maritime boundaries with the ROP, Papua New Guinea, RMI, 
and the US (Guam).  Article IX expressly empowers the National Government to regulate natural 
resources beyond the territorial seas and throughout the FSM EEZ.  Under the FSM COFA with the US, 
the US shall apply the NEPA to its activities under the Compact and its related agreements as if the FSM 
were the US. 
 
Republic of Palau 
Under Article 1 of the Constitution of the ROP, the National Government asserts marine jurisdiction of 
200 nm (370 km) outward from its baselines (i.e., within the EEZ).  The National Government is 
responsible for marine conservation extending throughout its EEZ.  Section 163(a) of the COFA with the 
US requires the US to apply environmental standards substantively similar to those in effect on the day 
proceeding the effective date of the COFA.  However, MMIII testing activities do not rise to the level of 
those requiring an EIS and thus Section 163(a) does not apply. 
 
3.4.2.2 Noise and Biological Resources 
 
The affected noise environment in the BOA would be similar in nature and overall level as that described 
in Section 3.3.3, however more widespread.  Natural noise sources include waves, earthquakes, 
precipitation, and lightning storms, whereas manmade source include commercial shipping, sonar 
systems, DOD test activities and training maneuvers, and oceanographic research (USAF, 2006b).  The 
sound of thunder, one of the loudest sounds expected here, can register up to 120 dB (Vavrek et al., 
2008). 
 
3.4.2.3  Biological Species 
 
The biological resources potentially in the BOA ROI are described below.  Pelagic organisms are those 
living at or near the surface, free floating in the open ocean; benthic organisms dwell on the ocean floor.  
Planktonic species (drifting microscopic organisms) also are located in the ROI but because of their 
abundance, their wide distribution, and the protective influence of the mass of the Pacific Ocean around 
them, they are unlikely to be affected by the Proposed Action and therefore are not described.  The ROI 
for open ocean species includes the areas of the Pacific Ocean 12 nm (22 km) beyond the closest shore to 
the proposed impact areas.  The species occurrences and descriptions are applicable to Guam, Micronesia, 
Palau, and the regional open ocean.  Table 3-1 provides a list of marine species protected under the US 
ESA and US MMPA (“Listed”) known or expected to occur within the ROI. 
 

Table 3-1  Listed Species Known or Expected to Occur within the Proposed Impact Areas 
Scientific Name Common Name Federal Status 

Fish   

Sphyrna lewini Scalloped hammerhead shark C 

Reptiles   

Chelonia mydas Green sea turtle T 

Eretmochelys imbricata Hawksbill sea turtle E 

Dermochelys coriacea Leatherback sea turtle E 
Caretta caretta Loggerhead sea turtle* E 

Lepidochelys olivacea Olive ridley sea turtle T 

Mammals   

Balaenoptera musculus Blue whale E 
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Balaenoptera physalus Fin whale E 

Megaptera novaengliae Humpback whale E 

Balaenoptera borealis Sei whale E 

Physeter macrocephalus Sperm whale E 

Pseudorca crassidens False killer whale 
(Main Hawaiian Islands Insular Stock DPS) 

E 

Pseudorca crassidens False killer whale MMPA 

Berardius bairdi Blainville’s beaked whale MMPA 

Tursiops truncatus Bottlenose dolphin MMPA 

Balaenoptera edeni Bryde's whale MMPA 

Ziphius cavirostris Cuvier's beaked whale MMPA 

Phocoenoides dalli Dall’s porpoise MMPA 

Kogia sima Dwarf sperm whale MMPA 

Lagenodelphis hosei Fraser’s dolphin MMPA 

Mesoplodon ginkgodens Ginkgo-toothed beaked whale MMPA 

Orcinus orca Killer whale MMPA 

Indopacetus pacificus Longman’s beaked whale MMPA 

Peponocephala electra Melon-headed whale MMPA 

Balaenoptera acutorostrata Minke whale MMPA 

Lagenorhynchus obliquidens Pacific white-sided dolphin MMPA 

Stenella attenuata Pantropical spotted dolphin MMPA 

Feresa attenuata Pygmy killer whale MMPA 

Kogia breviceps Pygmy sperm whale MMPA 

Grampus griseus Risso's dolphin MMPA 

Steno bredanensis Rough-toothed dolphin MMPA 

Delphinus delphinus Short-beaked common dolphin MMPA 

Globicephala macrorhynchus Short-finned pilot whale MMPA 

Stenella longirostris Spinner dolphin MMPA 

Stenella coeruleoalba Striped dolphin MMPA 
Source: NMFS, 2012; Commander, US Pacific Fleet, Executive Agent, 2010 
Key to Federal Status: C = Candidate; T = Threatened; E = Endangered; MMPA = Protected Under the US Marine Mammal Protection Act;  
DPS = Distinct Population Segment  
 
Fish 
In the Pacific Ocean, some of the most common pelagic fish include swordfish, tuna, billfish, mahi mahi, 
and oceanic shark.  Marlin, sailfish, and spearfish species are abundant in the open ocean.  Knowledge of 
the status of most large pelagic fishes is poor because of these species’ wide migratory ranges and the 
absence of a Pacific wide international organization to monitor stocks (Commander, US Pacific Fleet, 
Executive Agent, 2010).  In general, the western portion of the Pacific Ocean tends to have a lower 
incidence of fully exploited, overexploited, depleted, or recovering fish stocks, and a prevalence of 
underexploited or moderately exploited stocks.  This region also has a high incidence of stocks whose 
state of exploitation is unknown or uncertain and for which overall production estimates are consequently 
less reliable.  NOAA Fisheries, regional Fishery Management Councils, and Federal and state agencies in 
the US work together to address these threats by identifying Essential Fish Habitat (EFH) for each US 
Federally managed fish species and developing conservation measures to protect and enhance these 
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habitats.  An EFH encompasses all habitats that contribute to the health, life, and reproduction of a given 
fish species. 
 
Although the range of the humphead wrasse (Cheilinus undulates), which has recently been listed as a 
Candidate species under the ESA, encompasses almost the entire Indo-Pacific region, it is normally 
associated with coral reefs and thus is not anticipated to be affected by the proposed activities in the open 
ocean. 
 
The cartilaginous fishes are important parts of the marine ecosystem, and many species are top predators.  
The cartilaginous fishes, or elasmobranchs, include sharks and rays and their relatives.  While there have 
been some studies on their hearing, there have not been extensive studies.  Available data suggests 
detection of sounds from 0.02 to 1 kilohertz (kHz), with best sensitivity at lower ranges.  Though fewer 
than ten elasmobranch species have been tested for hearing thresholds, it is likely all elasmobranchs only 
detect low frequency sounds because they lack a swim bladder or other pressure detector to amplify 
sound, allowing detection at higher sound frequencies and at lower sound levels.  At the same time, the 
ear in a number of elasmobranch species whose hearing has not been tested is very large with numerous 
sensory hair cells.  Thus, it is possible future studies will demonstrate somewhat better hearing in those 
species than is now known (Popper, 2008). 
 
There also is evidence elasmobranchs can detect and respond to human-generated sounds.  Myrberg and 
colleagues did experiments in which they played back sounds and attracted a number of different shark 
species to the sound source.  The results of these studies showed sharks were attracted to pulsed low-
frequency sounds (below several hundred Hertz [Hz]), in the same frequency range of sounds as might be 
produced by struggling prey (or divers in the water).  However, sharks are not known to be attracted by 
continuous signals or higher frequencies (Popper, 2008). 
 
Scalloped Hammerhead Shark (Sphyrna lewini) 
The scalloped hammerhead shark is currently a candidate species for listing under the US ESA.  The 
following information comes from the 11 August 2011 petition for listing for this species, “Petition To 
List the Scalloped Hammerhead Shark (Sphyrna lewini) Under the US Endangered Species Act Either 
Worldwide or as One or More Distinct Population Segments”. (WildEarth Guardians and Friends of 
Animals, 2011) 
 
The scalloped hammerhead is the second largest hammerhead shark, with a maximum total length of 
about 12 to 14 ft (4 to 4.3 m).  The scalloped hammerhead shark can be distinguished from other 
hammerheads by its unique head.  The scalloped hammerhead shark has a central indentation of the head, 
followed by two more, one on each side of the center which gives the hammer-shaped head a “scalloped” 
appearance. (WildEarth Guardians and Friends of Animals, 2011) 
 
The scalloped hammerhead shark is a long-lived species, with the oldest known individuals estimated at 
30.5 years for both males and females.  Female scalloped hammerhead sharks move inshore to give birth 
during summer months.  Predation on the pups is high, primarily by other sharks and adult scalloped 
hammerhead sharks, perhaps explaining the species’ larger litter size relative to other sharks.  Despite its 
relatively high reproductive rate, the species struggles to recover from exploitation compared to other 
shark species. (WildEarth Guardians and Friends of Animals, 2011) 
 
The scalloped hammerhead shark is a coastal and semi-oceanic pelagic shark.  It is found over continental 
and insular shelves, as well as ranging into adjacent deep water.  Scalloped hammerhead sharks range 
from intertidal inshore areas and estuaries to offshore waters up to depths of 900 ft (274 m).  Juveniles 
live in inshore areas, migrating out to deeper waters as they grow.  Adults are known to aggregate at 
seamounts and islands.  Adults occur alone, in pairs, or in small schools, while juveniles gather in large 
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schools.  Exact estimates of the global population of scalloped hammerhead sharks do not exist. 
(WildEarth Guardians and Friends of Animals, 2011) 
 
The scalloped hammerhead shark lives in temperate and tropical seas along coastal zones and in deep 
water adjacent to them.  Scalloped hammerhead sharks rarely venture into waters cooler than 72°F 
(22°C).  Known populations in the western portion of the Pacific Ocean occur in Thailand, Vietnam, 
Indonesia, China, Japan, Philippines, Australia, and New Caledonia.  Scalloped hammerhead sharks in the 
Pacific and Indian Oceans may comprise one Distinct Population Segment (DPS) each. (WildEarth 
Guardians and Friends of Animals, 2011) 
 
Fishing, both historic and current, is the main cause of depleted scalloped hammerhead shark populations. 
The shark has a very high commercial value, especially its fins, which, when combined with its slow rate 
of reproduction, makes the species highly vulnerable to exploitation.  While scalloped hammerhead 
sharks are mainly valued for their fins, the species also is economically valuable for other reasons.  The 
shark’s flesh is sold in various forms as food, the hides are valued, and the remainder is used for vitamins 
and fishmeal. (WildEarth Guardians and Friends of Animals, 2011) 
 
The US already has recognized the need to protect the scalloped hammerhead shark against 
overutilization.  Recently, the United States and Palau submitted a proposal to place three species of 
hammerhead shark on the Endangered Species list, including the scalloped hammerhead, under 
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).  However, 
the proposal was not ratified since it failed to receive a required two-thirds majority vote from CITES 
signatories.  Nevertheless, the proposal indicates the US has recognized overutilization is a threat to the 
scalloped hammerhead shark and existing regulatory mechanisms are inadequate to conserve the species. 
(WildEarth Guardians and Friends of Animals, 2011) 
 
Sea Turtles 
Information in this section is mainly taken from the following Recovery Plans and 5-Year Reviews, 
unless otherwise noted: 
 

• Recovery Plan for U.S. Pacific Populations of the Green Turtle (National Marine Fisheries 
Service and U.S. Fish and Wildlife Service, 1998a); Green Sea Turtle (Chelonia mydas) 5-Year 
Review: Summary and Evaluation (National Marine Fisheries Service and U.S Fish and Wildlife 
Service, 2007a) 

• Recovery Plan for U.S. Pacific Populations of the Hawksbill Turtle (Eretmochelys imbricata) 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998b); Hawksbill Sea 
Turtle (Eretmochelys imbricata) 5-Year Review: Summary and Evaluation (National Marine 
Fisheries Service and U.S. Fish and Wildlife Service, 2007b) 

• Recovery Plan for U.S. Pacific Populations of the Leatherback Turtle (Dermochelys coriacea) 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998c); Leatherback Sea 
Turtle (Dermochelys coriacea) 5-Year Review: Summary and Evaluation (National Marine 
Fisheries Service and U.S. Fish and Wildlife Service, 2007c). 

• Recovery Plan for U.S. Pacific Populations of the Loggerhead Turtle (Caretta caretta). (National 
Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998d); 5-Year Review: Summary 
and Evaluation (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 2007d) 

• Recovery Plan for U.S. Pacific Populations of the Olive Ridley Turtle (Lepidochelys olivacea) 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998e); Olive Ridley Sea 
Turtle (Lepidochelys olivacea) 5-Year Review: Summary and Evaluation (National Marine 
Fisheries Service and U.S. Fish and Wildlife Service, 2007e) 
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Sea turtles are long-lived reptiles found throughout the world’s tropical, subtropical, and temperate seas 
(Caribbean Conservation Corporation and Sea Turtle Survival League, 2003).  There are seven living 
species of sea turtles from two distinct families, the Cheloniidae (hard-shelled sea turtles; six species) and 
the Dermochelyidae (leatherback sea turtles; one species).  These two families can be distinguished from 
one another on the basis of their carapace (upper shell) and other morphological features.  Six of the 
seven living species of sea turtles occur in the US; five of the seven are known to occur in the subtropical 
seas of the Pacific Ocean: loggerhead (Caretta caretta), leatherback (Dermochelys coriacea), green 
(Chelonia mydas), olive ridley (Lepidochelys olivacea), and hawksbill (Eretmochelys imbricata).  Table 
3-1 provides a list of sea turtles potentially in the proposed impact areas.  Sea turtles are an important 
marine resource; they provide economic, non-use value to humans (Witherington and Frazer, 2003).  
Over the last few centuries, global sea turtle populations have declined dramatically due to human-related 
activities such as coastal development, oil exploration, commercial fishing, marine-based recreation, 
pollution, and over-harvesting (National Research Council, 1990; Eckert, 1995).  As a result, all of the 
species of sea turtles occurring in the US and in the subtropical Pacific Ocean are listed as threatened or 
endangered and are discussed below.  Most available data are associated with tropical islands, not the 
open ocean where proposed impacts are targeted. 
 
Sea turtle auditory sensitivity is not well studied.  The range of maximum sensitivity for sea turtles 
appears to be 200 to 800 Hz (Lenhardt 1994; Moein et al. 1994).  Hearing below 80 Hz is less sensitive 
but still potentially usable to the turtle (Lenhardt, 1994).  Ridgway et al., (1969) concluded that green 
turtles have a useful hearing span of 60 to 1,000 Hz, but they hear best from 200 Hz up to 700 Hz, with 
sensitivity falling off considerably below 400 Hz.  Because their anatomy is similar to that of green 
turtles, other sea turtle species are thought to have the same sensitivity ranges. 
 
Sea turtle hearing is approximately equivalent to cetacean hearing for 1,000 Hz and below so, for this 
assessment, the thresholds and criteria used to assess impacts on cetaceans apply to sea turtles.  Because 
sea turtles have been shown to hear only signals that are less than 1,000 Hz, use of the peak flux levels 
greatly overestimates the potential impact on sea turtles (USAF, 2006a).  Much of the noise produced by 
the MMIII ERFT activities cannot be heard by sea turtles.  The cetacean thresholds for temporary 
threshold shift (TTS) and permanent threshold shift (PTS) are likely to be particularly conservative for 
sea turtles. 
 
Green sea turtle (Chelonia mydas) 
The US Federally and internationally protected threatened green sea turtle is the largest-sized member of 
the marine turtle family Cheloniidae and is found throughout the Pacific, Indian, and Atlantic Oceans and 
the Mediterranean Sea.  Green sea turtles are distinguished from other sea turtles by their smooth 
carapace with four pairs of lateral scutes, a single pair of prefrontal scutes, and a coarsely serrated lower 
jaw edge.  Adult green sea turtles may weigh more than 220 lb (99 kg) and exceed three ft (1 m) in 
carapace length.  The common name of this species refers to the green color of its subdermal fat.  The 
carapace color of adult green sea turtles ranges from light to dark brown, sometimes with an olive cast, 
radiating or wavy lines, and/or dark blotches. 
 
Throughout their range, adult green sea turtles typically are resident in foraging areas (e.g., seagrass or 
macro-algae habitats of less than 650 ft [200 m] depths).  Periodically, turtles migrate long distances to 
breeding areas.  Based on growth rates observed in wild green sea turtles, females are thought to reach 
sexual maturity at 25 years of age or later.  Reproductive females generally nest every year but may skip 
years.  Adult males may migrate and breed every year. 
 
Green sea turtles prefer areas where surface water temperatures are no lower than about 68°F (20°C) in 
the coldest month; for example, during warm spells (e.g., EI Niño) green sea turtles may be found 
considerably north of their normal distribution.  Based on the behavior of post-hatchlings and juveniles 
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raised in captivity, it is presumed those in pelagic habitats live and feed at or near the ocean surface, and 
that their dives do not normally exceed several feet in depth (NMFS and USFWS, 1998a). 
 
The green sea turtle is a circumglobal species found in tropical seas and, to a lesser extent, in subtropical 
waters with temperatures above 68°F (20°C).  Worldwide distribution has been described at length.  The 
pelagic range of post-hatchling and juvenile green sea turtles in the insular Pacific region is not known.  A 
similar situation exists for all sea turtle populations worldwide.  There are three inherent problems which 
impede research of pelagic-phase sea turtles.  First, the whereabouts of the sea turtles are not known, 
although generally they are assumed to be at or near the ocean surface along drift lines where surface 
waters are brought together by advection and downwelling (sinking of cold water).  Secondly, once the 
pelagic locations of the sea turtles have been identified, there are problems in devising an efficient and 
safe sampling technique for statistically significant numbers of sea turtles to be captured.  Lastly, a means 
to determine the origin of the sea turtles with respect to the nesting beaches where they were hatched 
would be needed.  Some advances in genetics research already have been made in this area. 
 
Green turtles are the most abundant sea turtle found throughout the Marianas archipelago.  Importantly, 
there are no data to indicate green turtles within the region are in decline.  However, and in contrast, many 
green turtle nesting populations in the Atlantic and Pacific Oceans are actually on the increase or stable as 
a result of direct conservation action.  Long-term information regarding nesting population trends in 
Guam or CNMI is not available.  There is, however, indication the Marianas may provide more important 
foraging near shore habitat than nesting.  Aerial surveys conducted by the Guam DAWR indicate the 
presence of a year-round resident population in Guam’s nearshore waters (NMFS and USFWS, 1998a).  
Aggregations of foraging and resting green turtles are often seen in proximity to Guam’s well-developed 
seagrass beds and reef flats, which are found both nearshore and in deeper waters south of Falcona Beach 
(near the northwest end of Guam) and at several other locations throughout the island’s shelf 
(Commander, US Pacific Fleet, Executive Agent, 2010). 
 
The primary threats to green turtles at Guam and the CNMI include direct harvesting of sea turtles and 
eggs as well as habitat loss due to rapidly expanding tourism, including increased coastal development on 
nesting beaches (NMFS and USFWS 1998a).  The size of the green turtle population in the Pacific Ocean 
was estimated at about 21,000 adults in 2001 (Commander, US Pacific Fleet, Executive Agent, 2010). 
 
Hawksbill Turtle (Eretmochelys imbricata)   
The hawksbill turtle is listed as endangered under the US ESA.  The hawksbill sea turtles are recognized 
by their relatively small size (carapace length less than three ft [0.9 m]), narrow head with tapering beak, 
and strongly serrated posterior margin of the carapace and thick, overlapping shell scutes.  A lack of 
regular quantitative surveys for hawksbill turtles in the Pacific Ocean and the discrete nature of this 
species’ nesting have made it extremely difficult for scientists to assess the distribution and population 
status of hawksbills in the region (NMFS and USFWS, 1998b; Seminoff et al., 2003). 
 
The hawksbill sea turtle is threatened with extinction throughout its range.  It is considered universally 
endangered in the International Union for Conservation of Nature (IUCN) Red List and is included in 
Appendix 1 of CITES (most endangered).  The hawksbill sea turtle is protected as an endangered species 
under the US ESA, for Pacific territories (Guam and American Samoa) and commonwealths (Northern 
Marianas Islands) of the United States and for certain independent states, such as Micronesia, and Palau 
through cooperative agreements. 

 
The hawksbill sea turtle has the potential to be a long range migrant.  It is likely adult hawksbill sea 
turtles will perform regular migratory movements among a preferred nesting beach, a breeding ground, 
and a persistent foraging territory.  The distances between these territorial sites vary greatly and appear to 
be of random length among individuals.  The geographic proximity of an adult's foraging habitat in 
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relation to its natal beach is not known, and the same must be said for juveniles as well.  Once a foraging 
or nesting site is chosen, hawksbill sea turtles tend to be persistent in the continuing use of that site.  
However, hawksbill sea turtles can move long distances, and it possible nesting and foraging animals 
observed in such localities as Palau or Saipan have potential home ranges extending throughout the 
islands of Micronesia and Melanesia and even the waters of the Philippines, Indonesia, and Australia. 
 
Leatherback Turtle (Dermochelys coriacea) 
Leatherback turtles are listed as endangered under the US ESA and are critically endangered with 
extinction in the Pacific Ocean.  The leatherback turtle is the largest-sized living sea turtle.  There are few 
quantitative data available concerning the seasonality, abundance, or distribution of leatherbacks in the 
North Pacific Ocean.  The leatherback typically is not associated with insular habitats, such as those 
characterized by coral reefs, yet individuals occasionally are encountered in deep ocean waters near 
prominent archipelagos and their associated reefs, such as the Hawaiian Islands (Eckert, 1993). 
 
The leatherback turtle is distributed worldwide in tropical and temperate waters of the Atlantic, Pacific, 
and Indian Oceans.  Recent estimates of global nesting populations indicate 26,000 to 43,000 nesting 
females annually, which is a dramatic decline from the 115,000 estimated in 1980.  This is due to 
exponential declines in leatherback nesting that have occurred over the last two decades along the Pacific 
coasts of Mexico and Costa Rica.  Many populations in the Indian and Pacific Oceans have continued to 
decline with recent nesting data from a variety of sources indicating a population of adult females in these 
areas numbering less than a few thousand.  About 600 to 650 females nest per year in West Papua 
(Commander, US Pacific Fleet, Executive Agent, 2010). 
 
Throughout their lives, leatherbacks are essentially oceanic, yet they enter into coastal waters for foraging 
and reproduction.  There is limited information available regarding the habitats used by hatchling and 
early juvenile leatherback turtles as these age classes are entirely oceanic.  These life stages are restricted 
to waters greater than 79°F (26°C) and, therefore, they spend much time in tropical waters.  Late juvenile 
and adult leatherback turtles are known to range from mid-ocean to continental shelf and nearshore waters 
in the Northern Marianas Islands (Commander, US Pacific Fleet, Executive Agent, 2010). 
 
Of the three sea turtle species sighted around Guam and the Northern Marianas Islands during marine 
surveys, the leatherback turtle is the least common (USN, 2003), with only a few occurrence records 
existing (Eckert et al., 1999; Wiles et al., 1995).  Recent NOAA satellite tracking of leatherback turtles 
departing from nesting habitats in West Papua seem to transit through Marianas Islands Range Complex 
(MIRC) waters.  Leatherback turtles do not nest at any of the islands in Micronesia (Commander, US 
Pacific Fleet, Executive Agent, 2010). 
 
Loggerhead Turtle (Caretta caretta)  
The loggerhead turtle is a large, hard-shelled sea turtle.  The North Pacific Ocean distinct population 
segment is listed as endangered under the US ESA.  The North Pacific loggerhead turtle population nests 
exclusively in Japan where a 50 to 90 percent decrease has been documented.  It is probable that fewer 
than 1,000 females breed annually in Japan.  Although the nesting trend since 2001 has been upward, the 
population continues to face impacts from directed hunting, coastal development, light pollution, beach 
armoring, and incidental capture in coastal and pelagic fisheries (Commander, US Pacific Fleet, 
Executive Agent, 2010). 
 
The loggerhead turtle occurs worldwide in temperate and tropical habitats ranging from coastal estuaries 
to waters hundreds of miles out to sea, as well as in inshore areas such as bays, ship channels, and the 
mouths of large rivers.  The juvenile stage and adult foraging stage both occur in the neritic or nearshore 
zone.  Coral reefs, rocky places, and shipwrecks are often used as feeding areas.  The loggerhead turtles in 
the west Pacific Ocean are active and feed primarily on the bottom, though prey also is captured 
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throughout the water column.  Tagging data revealed migratory routes may be coastal or may involve 
crossing deep ocean waters; an oceanic route may be taken even when a coastal route is an option 
(Commander, US Pacific Fleet, Executive Agent, 2010). 
 
Pacific loggerhead turtles appear to use the entire North Pacific Ocean during the course of development, 
much like Atlantic loggerheads use the north Atlantic Ocean.  There is evidence both stocks make two 
separate transoceanic crossings: the first (west to east) is made immediately after hatching, while the 
second (east to west) is made upon reaching either the late juvenile or adult life stage.  Occurrences of this 
species are documented in the waters off Palau and the Philippines (Commander, US Pacific Fleet, 
Executive Agent, 2010). 
 
Olive Ridley Turtle (Lepidochelys olivacea) 
The olive ridley sea turtle, named for its olive green-colored shell, is listed as threatened under the US 
ESA, except for the Mexican nesting population, which is listed as endangered.  Even though there are no 
current estimates of worldwide abundance, the olive ridley turtle is still considered the most abundant of 
the world’s sea turtles.  It is increasingly uncommon further offshore, and rare in the central Pacific, both 
at sea and around islands.  However, the number of olive ridley turtles occurring in US territorial waters is 
believed to be small. (NMFS and USWS, 1998c) 
 
The olive ridley is mainly a pelagic sea turtle, but it has been known to inhabit coastal areas, including 
bays and estuaries.  Olive ridley turtles mostly breed annually and have an annual migration from pelagic 
foraging to coastal breeding and nesting grounds and back to pelagic foraging.  Population growth rate 
parameters calculated for the primary nesting site of Mexico indicate a negligible risk of extinction over 
the next several decades, given that current conservation practices are continued (Snover, 2005).  The 
geographic scope of the olive ridley includes Guam, the Commonwealth of the Northern Mariana Islands 
(CNMI), and American Samoa.  The U.S.-affiliated but independent nations of the RMI, FSM, and Palau 
are also included.  Trans-Pacific ships have observed olive ridley turtles over 2,00 mi (4,000 km) from 
shore.  Only one olive ridley record exists for Guam and the Northern Marianas Islands, an alleged 
capture in the waters near Saipan.  The exact location of this capture is unknown.  In-water sightings of 
this species have occurred within the Yap and Palau vicinities. (Commander, US Pacific Fleet, Executive 
Agent, 2010) 
 
Marine Mammals 
This section provides information about marine mammals that may reside in, or transit through, the 
general region of the proposed impact sites.  Marine mammals include a diverse assemblage of animals 
uniquely adapted for life in the sea.  Cetaceans (whales, dolphins, and porpoises) commonly are divided 
into two groups: those with teeth for grasping prey (odontocetes), and those that use baleen to filter prey 
from seawater (mysticetes).  Pinnipeds (seals and sea lions) are somewhat less marine-adapted in that they 
routinely haul out onto land to breed and molt; consequently, they are not included in the analysis.  
Mustelids (sea otters) also are not likely to be found in the impact areas and are not included in this 
analysis.  Twenty-six species of marine mammals occur in the pelagic waters of the Pacific Ocean 
(USGS, 2003). 
 
All marine mammals are protected from take in US waters or by US citizens in international waters by the 
US Marine Mammal Protection Act (MMPA; 16 USC 1361 et seq.) and US ESA.  Additionally, several 
marine mammal species occurring in the project area are US ESA-listed as threatened, or endangered.  
Descriptions of listed marine mammal species in Table 3-1 are provided below.  Descriptions of those 
species protected by the US MMPA are provided in Appendix A. 
 
Any species listed as threatened or endangered under the ESA is considered a depleted stock by the 
MMPA.  The term depleted is further defined by the MMPA as any case in which a species or population 
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stock is determined to be below its optimum sustainable population.  In addition to those species listed as 
depleted under the MMPA because they are listed as threatened or endangered under the ESA, one 
species—the spinner dolphin (Stenella longirostris)—is also listed as depleted under the MMPA. 
 
Blue Whale (Balaenoptera musculus) 
The blue whale is listed as endangered under the US ESA and as depleted under the US MMPA (NMFS, 
1998).  Widespread whaling over the last century is believed to have decreased the population to 
approximately 1 percent of its pre-whaling population size (Sirovic et al., 2004).  The stock of blue 
whales includes animals found from the northern Gulf of Alaska to the Eastern Tropical Pacific (ETP) as 
well as the Western Pacific stock (Carretta et al., 2010). 
 
The blue whale is a baleen (mysticete) whale that inhabits all oceans and normally occurs over the 
continental shelf near the coast though it also is found in oceanic waters.  Blue whales travel alone or with 
one to two other individuals.  Calving occurs in tropical and subtropical waters (Jefferson et al., 2008). 
 
This species preys almost exclusively on various types of zooplankton, mainly krill.  They lunge feed and 
consume approximately 6 tons (5,500 kilograms) of krill per day (Pitman et al., 2007).  They sometimes 
feed at depths greater than 330 ft (100 m), where their prey maintains dense groupings (Acevedo-
Gutiérrez et al., 2002). 
 
While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 
have acute infrasonic hearing.  Based on vocalizations and anatomy, blue whales are assumed to 
predominantly hear low-frequency sounds below 400 Hz (Croll et al., 2001; Oleson et al., 2007).  In terms 
of functional hearing capability, blue whales belong to the low-frequency group, with hearing ranging 
from 12 to 400 Hz, with dominant energy in the infrasonic range at 7 to 22 Hz (Southall et al., 2007; 
Ketten, 1998; Mellinger and Clark, 2003).  Experts assume blue whales are able to receive sound signals 
in roughly the same frequencies as the signals they produce.  This suggests blue whales, like other baleen 
whales, are more likely to have their best hearing capacities at low frequencies, including frequencies 
lower than those of normal human hearing, rather than at mid- to high-frequencies (Ketten, 1997). 
 
Fin Whale (Balaenoptera physalus) 
The fin whale has a worldwide distribution, but is listed as endangered under the US ESA and as depleted 
under the US MMPA.  Fin whales are the second-largest whale species by length.  The fin whale is found 
in all the world’s oceans and is the second largest species of whale (Jefferson et al., 2008).  There are an 
estimated 140,000 fin whales globally, and they are relatively abundant in the Pacific Ocean (Mizroch et 
al., 2009).  Fin whales are rare in waters in the vicinity of Wake Island and Guam.  The Pacific fin whale 
population structure is not well known.  There is a California, Oregon, and Washington stock recognized, 
as well as a separate stock in the Gulf of California (Carretta et al., 2010). (NMFS, 2010) 
 
This baleen (mysticete) whale species uses a variety of habitats and is highly adaptable (Azzellino et al., 
2008; Panigada et al., 2008).  They prefer temperate and polar waters and are scarcely seen in tropical 
waters (Reeves et al., 2002).  Fin whales are often seen close to shore after periodic patterns of upwelling 
of cool water and the resultant increased krill density (Azzellino et al., 2008).  ).  Fin whales occur year-
round in a wide range of latitudes and longitudes, but the density of individuals in any one area changes 
seasonally (NMFS, 2010). 
 
The anatomy of the baleen whale inner ear seems to be well-adapted for detection of low-frequency 
sounds (Ketten 1992).  Baleen whale calls, especially fin whale calls (especially known for their 
characteristic 20 Hz moans), are also predominantly at low frequencies, mainly below 1 kHz (Richardson 
et al. 1995), and their hearing is presumed good at corresponding frequencies (NMFS, 2010).  In terms of 
functional hearing capability, fin whales belong to the low-frequency group, with hearing ranging from 7 
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Hz to 22 kHz (Southall et al., 2007).  Although no studies have directly measured the sound sensitivity of 
fin whales, experts assume that fin whales are able to receive sound signals in roughly the same 
frequencies as the signals they produce.  This suggests that fin whales, like other baleen whales, are more 
likely to have their best hearing capacities at low frequencies, including frequencies lower than normal 
human hearing, rather than at mid- to high frequencies (Ketten, 1997). 
 
Humpback Whale (Megaptera novaengliae) 
Humpback whales are endangered under the US ESA and depleted under the US MMPA.  There are an 
estimated 35,000 to 40,000 humpback whales globally.  In the ROI, this estimate includes about 6,000 to 
8,000 in the North Pacific Ocean.  Some stocks apparently still are depleted from whaling, but most are 
showing strong evidence of recovery (Calambokidis and Barlow, 2004).  In the US North Pacific Ocean, 
the stock structure of humpback whales is defined based on feeding areas because of the species’ fidelity 
to feeding grounds (Carretta et al., 2010). 
 
Humpback whales are baleen (mysticete) whales that are distributed in all major oceans and most seas.  
They normally are found during the summer on high latitude feeding grounds and during the winter in the 
tropics and subtropics around islands, over shallow banks, and along continental coasts, where calving 
occurs.  Most humpback whale sightings are in nearshore and continental shelf waters; however, 
humpback whales frequently travel through deep oceanic waters during migration (Calambokidis et al., 
2001). 
 
Humpback feeding habitats typically are shallow banks or ledges with high seafloor relief (Hamazaki, 
2002).  On breeding grounds, females with calves occur in significantly shallower waters than other 
groups of whales, and breeding adults use deeper more offshore waters (Ersts and Rosenbaum 2003; 
Smultea, 1994).  Humpback whales feed on a variety of invertebrates and small schooling fishes, both at 
the surface and in deeper waters.  Humpbacks spend most of their time in the upper 395 ft (120 m) of the 
water column on the feeding grounds (Dietz et al., 2002). 
 
In terms of functional hearing capability, humpback whales belong to the low-frequency group of 
cetaceans, with hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  Houser et al. (2001) 
produced a predicted humpback whale audiogram using a mathematical model based on the internal 
structure of the ear.  Estimated sensitivity was from 700 Hz to 10 kHz, with maximum relative sensitivity 
between 2 and 6 kHz.  The ability of humpbacks to hear frequencies around 3 kHz may have been 
demonstrated in a playback study.  Maybaum (1989) reported humpback whales showed a mild response 
to a handheld sonar detection and location device with frequency of 3.3 kHz at 219 dB referenced to 1 
micropascal-meter (re 1 μPa-m) or frequency sweep of 3.1 to 3.6 kHz. 
 
Sei Whale (Balaenoptera borealis) 
The sei whale is endangered under the US ESA and depleted under the US MMPA.  Only a single eastern 
North Pacific Ocean stock is recognized in the US Pacific EEZ (NMFS, 2010; Carretta et al., 2010).  
Some research indicates more than one stock exists: one between 175° West (W, longitude measured East 
[E] or West from the Prime Meridian), and 155°W and another east of 155°W (Carretta et al., 2010). 
 
Sei whales are baleen (mysticete) whales that have a worldwide distribution but are found primarily in 
cold temperate to subpolar latitudes.  During the winter, sei whales are found from 20°N to 23°N and 
during the summer from 35°N to 50°N (Horwood, 2009; Smultea et al., 2010).  They are considered 
absent or at very low densities in most equatorial areas and therefore are unlikely to be present in high 
numbers in the ROI. 
 
Sei whales appear to prefer regions of steep bathymetric relief, such as continental shelf breaks, canyons, 
or basins between banks and ledges (Best and Lockyer, 2002; Gregr and Trites, 2001).  Sei whales spend 
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the summer feeding in high subpolar latitudes and return to lower latitudes to calve in winter.  Feeding 
occurs primarily around dawn, which appears to be correlated with vertical migrations of prey species 
(Horwood, 2009).  The sei whale typically skims to obtain its food, but occasionally does some lunging 
and gulping (Horwood, 2009). 
 
While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 
have acute infrasonic hearing.  In terms of functional hearing capability, sei whales belong to the group of 
low-frequency cetaceans with the best hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  There 
are no tests or modeling estimates of specific sei whale hearing ranges. 
 
Sperm Whale (Physeter macrocephalus) 
The sperm whale has been endangered since 1970 under the precursor to the US ESA and is considered 
depleted under the US MMPA.  Sperm whales are the largest of the toothed whales, with males 
considerably larger than females (NOAA, 2012).  Sperm whales are divided into three stocks in the 
Pacific Ocean.  Sperm whales are somewhat migratory with general shifts occurring during the summer 
for feeding and breeding.  However, in some tropical areas, sperm whales appear to be largely resident 
(Rice, 1989; Whitehead, 2003; Whitehead et al., 2008).  Adult male sperm whales are typically alone 
while females and juvenile males occur in larger groups (Reeves, et al., 2002).  Sperm whales socialize 
for predator defense and foraging, feeding on squid and other cephalopods and bottom-dwelling fish and 
invertebrates (Davis et al., 2007; Rice, 1989). 
 
Sperm whales tend to inhabit areas at least 1,968 ft (600 m) deep, and are uncommon in waters less than 
984 ft (300 m) deep.  Females generally are found in waters at least 3,280 ft (1,000 m) deep of low 
latitudes (less than 40°N or S from the Equator, except in the North Pacific where they are found as high 
as 50°N).  These conditions generally correspond to sea surface temperatures greater than 59°F (15°C), 
and while female sperm whales are sometimes seen near oceanic islands, they usually are far from land 
(NOAA, 2012). 
 
Sperm whales produce short-duration (generally less than 3 seconds) broadband clicks (100 Hz to 30 
kHz), with dominant energy in two bands, 2 to 4 kHz and 10 to 16 kHz.  Generally, most of the acoustic 
energy is present at frequencies below 4 kHz, although diffuse energy up to and past 20 kHz has been 
reported (Thode et al., 2002).  The source levels can be up to 236 dB re 1 µPa-m (Møhl et al., 2003).  
Thode et al. (2002) suggested the acoustic directivity (angular beam pattern) from sperm whales must 
range between 10 and 30 dB in the 5 to 20 kHz region.  The clicks of newborn sperm whales are very 
different from usual clicks of adults; they are of low directionality, long duration, and low-frequency 
(centroid frequency between 300 and 1,700 Hz) with estimated source levels between 140 and 162 dB re 
1 µPa-m (Madsen et al., 2003).  Clicks are heard most frequently when sperm whales are engaged in 
diving/foraging behavior (Whitehead and Weilgart, 1991; Miller et al., 2004; Zimmer et al., 2005).  These 
may be echolocation clicks used in feeding, contact calls (for communication), and orientation during 
dives.  When sperm whales are socializing, they tend to repeat series of clicks (codas), which follow a 
precise rhythm and may last for hours (Watkins and Schevill, 1977).  Codas are shared between 
individuals of a social unit and are considered to be primarily for intragroup communication (Weilgart 
and Whitehead, 1997; Rendell and Whitehead, 2004). 
 
The anatomy of the sperm whale ear indicates it hears high-frequency sounds (Ketten, 1992).  Anatomical 
studies also suggest the sperm whale has some ultrasonic hearing but at a lower maximum frequency than 
many other odontocetes (Ketten, 1992).  The sperm whale is a mid-frequency hearing specialist and may 
possess better low-frequency hearing than some other odontocetes, although not as extraordinarily low as 
many baleen whales (Ketten, 1992).  Auditory brainstem response in a neonatal sperm whale indicated 
highest sensitivity to frequencies between 5 and 20 kHz (Ridgway and Carder, 2001). 
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Reactions to anthropogenic sounds can provide indirect evidence of hearing capability, and several 
studies have noted changes seen in sperm whale behavior in conjunction with these sounds.  For example, 
sperm whales have been observed to frequently stop echolocating in the presence of underwater pulses 
made by echosounders and submarine sonar (Watkins and Schevill, 1977).  In the Caribbean, Watkins et 
al. (1985) observed sperm whales exposed to 3.25 to 8.4 kHz pulses (presumed to be from submarine 
sonar) interrupted their activities and left the area.  Similar reactions were observed from artificial noise 
generated by banging on a boat hull (Watkins et al., 1985).  André et al. (1997) reported foraging whales 
exposed to a 10 kHz pulsed signal did not ultimately exhibit any general avoidance reactions; when 
resting at the surface in a compact group, sperm whales initially reacted strongly, then ignored the signal 
completely.  Thode et al. (2007) observed the acoustic signal from a fishing vessel’s rapidly spinning 
propeller (110 dB re 1 µPa2 between 250 Hz and 1.0 kHz) interrupted sperm whale acoustic activity and 
resulted in the animals converging on the vessel.  The full range of functional hearing for the sperm whale 
is estimated to occur between approximately 150 Hz and 160 kHz, placing them among the group of 
cetaceans that can hear mid-frequency sounds (Southall et al., 2007). 
 
False Killer Whale (Pseudorca crassidens) 
The false killer whale is listed as an endangered species under the U.S. ESA and depleted under the U.S.  
MMPA.  The Main Hawaiian Islands Insular Stock Distinct Population Segment (DPS) was listed as 
endangered under the ESA in November 2012.  The range of the DPS is within 76 nm (140 km) of the 
Main Hawaiian Islands (National Marine Fisheries Service, 2012), which is outside the Region of 
Influence; thus proposed activities should have no effect to the individuals in this DPS.  The other 
populations of false killer whale are listed as a depleted under the U.S. MMPA.  They are found in 
tropical and temperate waters, generally between 50°S and 50°N latitude with a few records north of 
50°N in the Pacific and the Atlantic (Odell and McClune, 1999).  Seasonal movements in the western 
North Pacific may be related to prey distribution (Odell and McClune, 1999).  Baird et al. (2005) noted 
considerable inter-island movements of individuals in the Hawaiian Islands. 
 
False killer whales primarily eat deep-sea cephalopods and fish (Odell and McClune, 1999), but they have 
been known to attack other cetaceans, including dolphins (Perryman and Foster, 1980; Stacey and Baird, 
1991), sperm whales (Palacios and Mate, 1996), and baleen whales. 
 
The dominant frequencies of false killer whale whistles are 4 to 9.5 kHz; those of their clicks are 25 to 30 
kHz and 95 to 130 kHz (Thomas et al., 1990; Richardson et al., 1995).  The source level for clicks is 220 
to 228 dB re 1 µPA-m (Ketten, 1998).  The false killer whale is a mid-frequency specialist.  Best hearing 
sensitivity measured for a false killer whale was around 16 to 64 kHz (Thomas et al., 1988, 1990).  Yuen 
et al. (2005) tested a stranded false killer whale using auditory evoke potentials to produce an audiogram 
in the range of 4 to 44 kHz, with best sensitivity at 16 to 24 kHz, but it may have had age-related hearing 
loss. 
 
3.4.3 Health and Safety 
 
3.4.3.1 Pre-Flight Test Activities 
 
The Proposed Action requires the administration of NOTAMs and NOTMARs within the BOAs for 
impact of missile components to warn aircraft and surface vessels of the potentially hazardous areas and 
allow them ample time to avoid the hazards.  Inhabitants near the flight path, as well as air and sea traffic 
in caution areas designated for specific missions, are notified of potentially hazardous operations.  For 
MMIII, MMIII ERFT, and other terminal flight tests, various precautions are taken to protect personnel 
and the general public.  The proposed RV impact sites for the MMIII ERFT flights are within BOAs, 
thereby avoiding risk to the general public and property.  As described earlier for the over-ocean flight 
corridor, a NOTMAR and a NOTAM are transmitted to appropriate authorities to clear traffic from these 
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caution areas and to inform the public of impending missions.  The warning messages describe the time, 
the area affected, and safe alternate routes.  The Guam, Micronesia, and Palau Governments also would 
be informed in advance of rocket launches and reentry payload missions.  Visual and sensor sweeps of 
hazard areas are accomplished prior to each operation to assist in the clearance of non-mission ships and 
aircraft (USAF, 2004; USASMDC/ARSTRAT, 2007). 
 
For MMIII ERFT flights, RTS (with 30 SW direction) at USAG-KA and the deployed NMIS ship provide 
range support for the terminal phase of flight.  Because NOTAMs and NOTMARs are issued in advance 
of the MMIII ERFT flights, aircraft, surface vessels, and the general public have ample time to avoid the 
hazard areas.  Therefore, the relevant issue is PBV and RV impact area safety.  Thus, the ROI for health 
and safety in the BOAs focuses on where the MMIII missile components, PBV fragments, and test RVs 
may impact, and includes consideration of DOD, LLNL, and contractor personnel. 
 
Range safety provides protection to DOD, LLNL, and contractor personnel, and ships and aircraft 
operating in areas potentially affected by missions.  Specific procedures are required for the preparation 
and execution of missions involving watercraft, missile launches, and reentry payloads such as MMIII 
RVs.  These procedures are based on regulations, directives, and flight safety plans for individual 
missions.  The flight safety plans include calculating trajectory and debris areas, and specifying range 
clearance and notification procedures (USASMDC/ARSTRAT, 2007). 
 
During ocean travel to and from test support areas, ship personnel would monitor for marine mammals 
and sea turtles to avoid potential ship strikes, remaining 300 ft (91 m) from whales and 150 ft (46 m) 
away from other protected species.  Vessel operators also would adjust their speed based on expected 
animal densities, and on lighting and turbidity conditions.  Vessel operations would not involve any 
intentional discharges of fuel, toxic wastes, or plastics and other solid wastes that could harm marine life. 
 
The LLNL personnel would place the free-floating instrumentation around the RV target site before each 
launch.  These activities would be performed in compliance with all shipboard safety requirements and 
under the oversight of a highly experienced supervisor. 
 
3.4.3.2 Flight Test Activities 
 
The NMIS ship would be positioned downrange of the impact site for each flight.  This location also is 
downrange of the sonic boom footprint.  All shipboard personnel (e.g., DOD, LLNL, and contractor) 
would comply with appropriate hearing protection as required by their respective organizations. 
 
To collect flight and impact data from the missile and RVs, radar, telemetry, optics, and meteorological 
sensors would be employed aboard the NMIS ship during the terminal phase of each MMIII ERFT flight.  
Operational personnel would be limited to those trained for the type of equipment to which they are 
assigned and for the associated safety requirements. 
 
3.4.3.3 Post-Flight Test Activities 
 
Following completion of each flight test, LLNL personnel would work to retrieve all free-floating 
instrumentation for transport to Guam.  These activities would be performed in compliance with all 
shipboard safety requirements and under the oversight of a highly experienced supervisor.  The recovered 
rafts would be disassembled, re-packed, and shipped back from Guam to Kwajalein Atoll.  Expended 
rocket motors and other missile hardware are not recovered from the ocean and RV recovery operations 
are not attempted for nominal missions.  There are no onsite, physical assessment or post-test cleanup 
activities required for MMIII extended range flight tests. 
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3.4.4 Hazardous Materials and Waste Management 
 
Handling, management, and transport of hazardous materials and wastes are addressed under the 
following section.  Proper procedures for handling these materials and wastes are followed in accordance 
with all applicable Federal (such as 29 CFR 1910), DOD, and Air Force, Army, and Navy regulations.  
Use and management of hazardous materials and the disposal of hazardous wastes require approval and 
coordination with LLNL or with the appropriate safety and environmental offices.  For the analysis of 
hazardous materials use and waste management for the Proposed Action, the ROI is defined as those 
locations near proposed impact sites within BOAs of the Guam, Micronesia, and Palau EEZs, and 
international waters. 
 
In Guam, its EEZ, and for US shipboard activities in international waters, US regulations govern 
hazardous material and waste management and are specified in the US Code of Federal Regulations, 
specifically within 40 CFR, Protection of Environment.  In the Micronesia EEZ, compliance with US 
environmental laws is applicable to US military activities within Micronesia jurisdictions only when the 
preparation of an Environmental Impact Statement is required.  Since that threshold has not been met by 
MMIII ERFT flight tests, there are no comparable environmental standards and procedures in force 
within Micronesian jurisdiction.  In the Palau EEZ, “hazard substances such as nuclear, chemical, gas or 
biological weapons intended for use in warfare, nuclear power plants, and waste materials” are regulated 
under the Constitution of the Republic of Palau, Article VIII, Section 6.  Since MMIII ERFT testing 
activities do not encompass nuclear, chemical, gas or biological weapons, the missile flight tests do not 
require compliance with the referenced Constitutional section. 
 
The Proposed Action would require use of diesel fuel, oils and lubricants for support equipment and 
vessels.  These would be managed in accordance with the appropriate DOD or regulatory procedures 
consistent with the location and responsible entity (e.g., USN shipboard in a BOA).  Any accidental spills 
from support equipment operations would be contained and cleaned up in accordance with US and DOD 
requirements. 
 
The test RVs do not contain fissile materials but they typically do contain varying quantities of hazardous 
materials, including batteries, asbestos, DU, and other heavy metals.  All test RVs regularly include 0.29 
to 22 oz (8.2 to 624 g) of asbestos; approximately 0.035 to 0.353 oz (1 to 10 g) each of Be, Cd, and Cr; 
approximately 4.8 oz (136 g) of lead; and an unspecified quantity of DU.  The RVs for the proposed 
FY14 extended range flight tests do not contain high explosives.  At the conclusion of the flight tests, 
expended rocket motors and other missile hardware are not recovered from the ocean and RV recovery 
operations are not attempted in deeper waters for nominal missions.  The MMIII ERFT flight tests would 
occur only twice within one year, and motor impacts from each flight would not occur at the exact same 
locations. 
 
3.4.5 Noise 
 
Noise is most often defined as unwanted sound heard by people or wildlife that interferes with normal 
activities or otherwise diminishes the quality of the environment.  Sources of noise may be transient (e.g., 
a passing train or aircraft), continuous (e.g., heavy traffic or air conditioning equipment), or impulsive 
(e.g., a sonic boom or a pile driver).  Sound waves traveling outward from a source exert a sound pressure 
measured in dB. 
 
The human ear is not equally sensitive to all sound wave frequencies.  Sound levels adjusted for 
frequency-dependent amplitude are called “weighted” sound levels.  Weighted measurements 
emphasizing frequencies within human sensitivity are called A-weighted decibels (dBA).  Established by 
the American National Standards Institute, A-weighting significantly reduces the measured pressure level 
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for low-frequency sounds, while slightly increasing the measured pressure level for some high-frequency 
sounds.  In summary, A-weighting is a filter used to relate sound frequencies to human-hearing 
thresholds.  Typical A-weighted sound levels measured for various sources are provided in Figure 3-5.  
The greatest sound pressure level recorded during a specific period of time is termed the peak sound 
pressure level, further qualified as weighted or unweighted (i.e., unfiltered).  Peak sound values can be 
too short in duration and at a frequency missed by the human ear. 
 
During terminal flight and impact, each test missile or RV has the potential to affect BOAs with sonic 
booms.  Thus, the ROI for noise is focused on the flight path that could be affected by flight termination.  
Natural sources of noise include the constant wave action and the occasional thunderstorm.  The sound of 
thunder, one of the loudest sounds expected here, can register up to 120 dB (Vavrek et al., 2008). 
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Figure 3-5  Typical Noise Levels of Familiar Noise Sources and Public Responses 
Source:  Modified from US Army Strategic Defense Command, 1991. 
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4.0  ENVIRONMENTAL CONSEQUENCES 
 
This chapter presents the potential environmental consequences of the No Action Alternative and the 
Proposed Action, described in Chapter 2.0 of this SEA, when compared to the affected environment 
described in Chapter 3.0.  The No Action Alternative impact discussions are presented in Section 4.1, 
followed by the Proposed Action in Section 4.2.  The amount of detail presented in each section of the 
analysis is proportional to the potential for impact.  Both direct and indirect impacts3

 

 are addressed where 
applicable.  In addition, cumulative effects that might occur are identified in Section 4.3.  Appropriate 
environmental management and monitoring actions and requirements are also included in this chapter, 
where necessary, and summarized in Section 4.4.  A list of all agencies, organizations, and persons 
consulted as part of this analysis is provided in Chapter 6.0. 

4.1 Environmental Consequences of the No Action Alternative 
 
This section addresses flights from Vandenberg AFB to USAG-KA/RTS, which were evaluated in the 
MMIII EA, incorporated into this document by reference.  That evaluation resulted in a Finding of No 
Significant Impact (FONSI) which would be applicable to the No Action Alternative for the MMIII ERFT 
flight tests. 
 
Launch emission levels would not exceed de minimis (minimal importance) thresholds or contribute to a 
violation of Vandenberg AFB’s air operating permits.  No exceedance of air quality standards or health-
based standards for non-criteria pollutants would be anticipated. 
 
The maintenance of fire breaks around MMIII launch facilities can have an adverse effect on the 
endangered Gaviota tarplant.  Additionally, exposure to short-term noise from launches and helicopter 
overflights (if conducted) can cause startle effects in protected bird species, pinnipeds, and other wildlife.  
By implementing measures identified in the Vandenberg AFB 2011-2015 Integrated Natural Resources 
Management Plan, the proposed activities would not jeopardize the continued existence of Federally 
listed species. 
 
The leatherback sea turtle (Dermochelys coriacea) Area 7 designated critical habitat (DCH), whose 
southern edge is opposite of the launch sites at Vandenberg AFB, would not be affected by MMIII 
launches.  The spent first-stage rocket motors would be expected to splash down approximately 105 nm 
(194 km) from the California coast, well outside of the Area 7 DCH.  Therefore, there would be no effect 
to leatherback sea turtles or the Area 7 DCH from MMIII ERFT activities. 
 
Allowable public risk limits for launch-related debris would be extremely low.  The accumulated casualty 
risk criteria (combined collective risk to all individuals exposed) for each mission would not exceed 30 in 
1,000,000.  By adhering to established and proven safety standards and procedures, the level of risk to all 
personnel would be minimal. 
 
4.2 Environmental Consequences of the Proposed Action 
 
Environmental issues associated with the MMIII extended range flight tests vary at each location, and as 
such, the resources analyzed at each location vary.  A breakdown of the resources analyzed in detail, by 
location, is shown in Table 4-1, along with the section numbers where the respective discussions are 
found. 
                                                      
33 Direct impacts are caused by the action and occur at the same time and place.  Indirect impacts occur later in time or are further 
removed in distance, but are still reasonably foreseeable. 
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4.2.1 Vandenberg Air Force Base 
 
As discussed in Section 3.1, activities at Vandenberg AFB are not analyzed in detail within this SEA 
because of little or no changes to the affected environment and to the resulting environmental effects 
presented in the MMIII EA.  The prior SEA sufficiently analyzed applicable resource topics and 
concluded no significant impacts would occur to any resource from ongoing MMIII flight tests.  Similar 
impact results would be expected under the Proposed Action.  The launch impact results at Vandenberg 
AFB are summarized below. 
 
Emission levels would not exceed de minimis (minimal importance) thresholds or contribute to a violation 
of Vandenberg AFB air operating permits.  No exceedance of air quality standards or health-based 
standards for non-criteria pollutants would be anticipated. 
 
The maintenance of fire breaks around MMIII launch facilities can have an adverse effect on the 
endangered Gaviota tarplant.  Additionally, exposure to short-term noise from launches and helicopter 
overflights (if conducted) can cause startle effects in protected bird species, pinnipeds, and other wildlife.  
By implementing measures identified in the Vandenberg AFB 2011-2015 Integrated Natural Resources 
Management Plan, the proposed activities would not jeopardize the continued existence of Federally 
listed species. 
 
The southern edge of the Area 7 DCH for the leatherback sea turtle (Dermochelys coriacea) is located 
west of the launch sites at Vandenberg AFB.  The spent first-stage rocket motors would be expected to 
splash down approximately 105 nm (194 km) from the California coast, well outside of the Area 7 DCH.  
There would be no effect to leatherback sea turtles or the Area 7 DCH from MMIII ERFT activities.  The 
NMFS Letter of Concurrence is provided in Appendix B. 
 
Allowable public risk limits for launch-related debris would be extremely low.  The accumulated casualty 
risk criteria (combined collective risk to all individuals exposed) for each mission would not exceed 30 in 
1,000,000.  By adhering to established and proven safety standards and procedures, the level of risk to all 
personnel would be minimal. 

 Table 4-1  Resources Analyzed in Detail by Location 

Location 

Global 
Atmosphere 

or Air 
Quality1 

Biological 
Resources2 

Health and 
Safety 

Hazardous 
Materials 
and Waste 

Mgt 

Noise 

Vandenberg AFB See MMIII 
EA  

See MMIII 
EA 

See MMIII 
EA 

See MMIII 
EA 

See MMIII 
EA 

Guam   Sect. 4.2.2.1 Sect. 4.2.2.2  
Over-Ocean Flight 
Corridor and the Global 
Environment 

Sect. 4.2.3.1 Sect. 4.2.3.3 Sect. 4.2.3.2   

Proposed Impact Areas Sect. 4.2.4.1 Sect. 4.2.4.2 Sect 4.2.4.3 Sect. 4.2.4.4 Sect. 4.2.4.5 
1 Air quality in this environmental setting focuses on the stratospheric ozone layer and GHG within the Global Atmosphere.                  
2 Noise and water quality are included in the analysis from the standpoint of potential impacts on wildlife. 
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4.2.2 Guam 
 
4.2.2.1 Health and Safety 
 
The use of trained and certified operators to operate lifting and loading equipment on Guam would ensure 
proper procedures are followed as the sensor rafts and equipment are transferred from shipping/receiving 
and warehousing to the NMIS ship and back after the completion of each MMIII flight test. 
 
For the storage and transfer of sensory rafts and calibration equipment, all applicable Federal, state, and 
local health and safety requirements, such as OSHA regulations within 29 CFR, are followed, as well as 
all appropriate DOD, LLNL, and environmental guidance, directives and procedures.  The handling of 
sensor rafts and calibration equipment is an operation requiring special care and training of personnel.  
Few personnel are involved in this activity and they operate under a highly experienced supervisor, 
adhering to the established and proven safety standards and procedures identified in Section 3.3.2 of this 
SEA.  Additionally, the operational personnel train and practice with the rafts and other equipment aboard 
ship prior to the actual flight tests. 
 
All required health and safety regulations would be followed.  By adhering to established and proven 
safety standards and procedures, the level of risk to all personnel would be minimal and no significant 
impacts to health and safety would be incurred. 
 
4.2.2.2 Hazardous Materials and Waste Management 
 
Because the equipment associated with the shipping/receiving, storage, loading/unloading at Guam likely 
would require batteries, fuels, oils and lubricants, the facilities would comply with US Resources 
Conservation and Recovery Act requirements for management of hazardous materials.  Implementation of 
SPCC plans ensures spills or potential releases of hazardous materials are appropriately managed, 
including the disposition of waste following spill cleanup.  There would be no significant impacts to 
hazardous materials or waste management from the Proposed Action. 
 
4.2.3 Over-Ocean Flight Corridor and the Global Environment 
 
4.2.3.1 Global Atmosphere 
 
First-stage rocket and ballistic gas generator (BGG) (silo doors) emissions would occur at Vandenberg 
AFB, whereas emissions from other stages take place over-the-ocean flight corridor.  The total quantity of 
rocket exhaust and BGG emissions for two MMIII ERFT launches is provided in Table 4-2.  The 
products of combustion from the launch include carbon monoxide (CO), oxides of nitrogen (NOx), fine 
particulate matter (PM10 and PM2.5), aluminum oxide (Al2O3), hydrogen chloride (HCl), hydrogen, 
nitrogen, carbon dioxide (CO2), and water.  Two MMIII ERFT launches in a year release approximately 
2.9 tons (2.6 metric tons) of HCl.  The HCl has a long enough tropospheric lifetime to mix eventually 
with the stratosphere, even when released at ground level.  The global release of emissions from rocket 
launches, however, is small enough that it is not listed as a significant source of ozone depleting gases by 
the WMO (2010).  It also is estimated the emission loads of Cl (as HCl and Cl) from rocket launches  
worldwide, as projected from 2004 to 2014, would account for only 0.5 percent of the industrial Cl load 
from the US over the 10-year period (MDA, 2007). 
 
Both Al2O3 and NOx also are of concern with respect to stratospheric ozone depletion.  Two MMIII ERFT 
launches release approximately 3.2 tons (2.9 metric tons) of Al2O3.  The Al2O3 is emitted as solid particles 
and can activate Cl in the atmosphere.  The exact magnitude of ozone depletion that can result from a 
buildup of Al2O3 over time has not yet been determined quantitatively, but is considered insignificant 
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removed from the stratosphere through dry deposition and precipitation.  NOx, like certain Cl compounds, 
also contributes to catalytic gas phase ozone depletion.  The production of NOx species from solid rocket 
motors is dominated by high-temperature “afterburning” reactions in the exhaust plume.  As the 
temperature of the exhaust decreases with increasing altitude, less NOx is formed.  Because diffusion and 
winds would disperse the NOx species generated, no significant effect on ozone levels is expected. 

In summary, rocket emissions from the MMIII ERFT flight tests do not have a significant impact on 
stratospheric ozone depletion.  However, any emission of ozone-depleting gases represents a minute 
increase that could have incremental effects on the global atmosphere. 
 
4.2.3.2 Health and Safety 
 
Safety procedures and practices for MMIII missile test flights are well developed and regularly in use.  
Adherence to the policies and procedures identified in Section 3.3.2 protects the health and safety of 
operational personnel and the general public. 
 
The Proposed Action would result in a temporary increase in missile activities in the over-ocean 
corridors.  In the international airspace over the Pacific Ocean, commercial aircraft would be diverted 
from the flight path of the missiles by NOTAMs.  In international waters, NOTMARs would inform 
commercial and personal watercraft of the flight corridor and hazard areas.  Inhabitants near the flight 
path also would be informed of proposed activities and areas to avoid.  Consequently, there would be 
minimal interference with the use of airspace by commercial or general aviation aircraft or the use of 
open ocean waters during over-ocean flight for the proposed MMIII ERFT test flights. 
 
The 30 SW Safety Office evaluations of proposed missile flight paths and associated risks present the 
opportunity to adjust flight paths during the planning stages of missile test flights to minimize risk.  
Establishment of the flight termination boundaries and application of the abort procedures ensures the 
over-ocean pathway and risk management are maintained.  The probability for an aborted MMIII launch 
is very low. 
 
For each rocket launch from Vandenberg AFB, the allowable public risk limit is extremely low.  
Individuals within the general public must not be exposed to a probability of casualty greater than 1 in 
1,000,000 for any single mission (RCC, 2010).  Also, as per AFSPC Manual 91-710, the acceptable 
accumulated risk criteria (combined collective risk to all individuals exposed) for each mission is 30 in 
1,000,000. 
 

 Table 4-2  Exhaust Emissions for Two Minuteman III Launches 

 
Pollutant 

1st Stage 
(tons/year) 

2nd Stage 
(tons/year) 

3rd Stage 
(tons/year) 

BGG 
(tons/year) 

Total 
(tons/year) 

  CO 0.00505 0.001515 0.000805 0.001275 0.008645 
  NOx 0.224 0.0675 0.03575 0.00 0.32725 
  PM10

1 2.515 0.755 0.4015 0.00 3.6715 
  PM2.5

1 1.76 0.53 0.281 0.00 2.571 
  HCl 1.965 0.59 0.31 0.00035 2.865 
  Other2 0.000336 0.000101 5.35E-05 0.00 0.00049 
  

Source: USAF, 2004; Greg Wooldridge, personal communication, 22 August 2011 

1 All PM emissions are assumed to be Al2O3. 
2 Includes combined amounts of polycyclic aromatic hydrocarbons, benzene, formaldehyde, vinyl chloride, antimony, 
arsenic, cadmium, hexavalent chromium, lead, manganese, and nickel. 
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For comparison purposes, the 2006 average annual probability of fatality in the US from non-
transportation accidental (unintentional) injuries was 1 in 4,077 (National Safety Council, 2006).  This 
probability record included falls, fire and burns, drowning, electrical shock, and poisoning.  Thus, the risk 
of fatality to the public from MMIII missile flight tests is substantially less than the risk from non-
transportation related accidents.  Overall, no significant impacts on health and safety are expected. 
 
4.2.3.3 Biological Resources 
 
The probability for a launch mishap is very low.  However, an early flight termination or mishap would 
cause missile debris to impact along the flight corridor.  In most cases, the errant missile would be 
moving at such a high velocity that resulting missile debris would strike the water further downrange.  In 
the unlikely event of an early termination of flight, the missile would fall to the ocean intact or as debris 
scattered over a large area.  It is expected that the falling missile and its debris would not have a 
significant impact on biological resources because of the large expanse of the ocean area and the very low 
probability of striking a marine mammal or sea turtle.  Sensitive marine species are widely scattered, and 
the probability of debris from a non-nominal flight striking a threatened or endangered species is 
considered remote.  Thus, debris from missile components may affect, but is not likely to adversely affect 
fish, sea turtles, or marine mammals in the water beneath the over-ocean flight corridor. 
 
Initiating flight termination after launch would split the solid propellant motor casing, releasing pressure 
and stopping the booster’s forward thrust, causing the launch vehicle to reenter ballistically along a 
descending trajectory into the ocean.  Pieces of unburned propellant, which is composed of ammonium 
perchlorate, aluminum, and other materials, could be dispersed over an ocean area of up to several square 
miles (square kilometers).  Ammonium perchlorate could leach out of the solid propellant resin binding-
agent once the propellant enters the water.  However, it is unlikely perchlorate concentrations would 
accumulate to a level of concern (USAF, 2010).  The overall concentration and toxicity of dissolved solid 
propellant from the unexpended rocket motors, or portions of them, is expected to be negligible and 
without any substantial effect.  Any pieces of propellant expelled from a destroyed or exploded rocket 
motor would sink hundreds or thousands of feet to the ocean floor.  At such depths, the material would be 
beyond the reach of most marine life. 
 
The liquid propellants (monomethylhydrazine and nitrogen tetroxide) contained in the PSRE also could 
be released in the ocean waters on impact, assuming they have not been used up by propulsion or 
vaporized during the destruct action.  Wave actions and ocean currents would quickly mix and dilute the 
liquid propellants, in addition to them being buffered or oxidized in the seawater, thus eliminating 
potentially toxic concentrations.  Should the sealed propellant assemblies within the PSRE survive ocean 
impact intact, they would sink to great depths and settle on the ocean floor.  There, they could potentially 
leak propellants into the water over time.  As with the solid propellants, the liquid propellants would be 
beyond the reach of most marine life.  Though it is possible for deep ocean, benthic species to be 
adversely affected by any remaining contaminants, such impacts would be very localized, occurring 
within a short distance of missile component debris deposited on the ocean floor. 
 
The flight paths of both missiles would cross DCH and PCH for Hawaiian monk seals in the NWHI.  
DCH extends from shore to a depth of 20 fathoms in ten areas of the NWHI.  While the flight path 
apogees occur several hundred miles downrange of the NWHI at extremely high, exoatmospheric 
altitudes, under suitable atmospheric conditions a very low intensity sonic boom may be barely 
perceptible at the water surface within the northern portion of the NWHI.  If noticed at all, the acoustical 
event would last milliseconds and would be perceived as both faint and distant.  Therefore, the two 
potential, very low intensity sonic booms from MMIII ERFT may affect, but would not adversely affect 
Hawaiian monk seals and their DCH or PCH.  The NMFS Letter of Concurrence is provided in Appendix 
B. 
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The main potential for impacts to other marine species within the over-ocean flight corridor would be 
from noise-related sources such as sonic boom overpressures shortly after launch; the effects of which 
were evaluated in the MMIII EA. 
 
In summary, MMIII ERFT flight tests would have no discernible effect on the overall physical and 
chemical properties of the ocean within the ROI, and thus should have no impacts on the overall marine 
biology of the ROI.  Missile flight tests would result in minimal risk of hitting or otherwise harassing fish, 
sea turtles, or marine mammals.  Moreover, such tests would have no discernible effect on the biological 
diversity of either the pelagic or benthic marine environment.  Consequently, no significant impacts to 
biological resources in the ocean beneath the over-ocean flight corridor would be anticipated. 
 
4.2.4 Proposed Impact Areas - Broad Ocean Areas of the Pacific Ocean 
 
4.2.4.1 Air Quality 
 
4.2.4.1.1 Pre-Test Preparations and Support 
Pre-test preparations and support require the use of mobile sources of air emissions.  The emission 
sources include a combination of vessels and aircraft.  Emission of criteria pollutants and Greenhouse 
Gases (GHG) from these sources is minor and temporary.  No exceedances of air quality standards are 
expected, and no new permanent stationary sources of emissions or changes to air emission permits are 
required.  As a result, pre-test preparation and support requirements are not expected to have significant 
impacts on local or regional air quality within the BOAs of Guam, the FSM, or Palau. 
 
4.2.4.1.2 Terminal Flight and Impact Activities 
The MMIII components impact in ocean waters and do not present any air quality issues.  There would be 
no fugitive dust or other airborne pollutants during terminal flight and impact activities.  There would be 
no air emissions associated with the Stage 3 motor casing and the thrust termination ports as they would 
have no air emission releases at this phase.  The RV would disintegrate in the water upon impact, and 
although each RV contains small quantities of heavy metals and asbestos—typically 0.035 to 0.353 oz (1 
to 10 g) each of Be, Cd and Cr; approximately 4.8 oz (136 g) of lead; an unspecified quantity of DU; and 
0.29 to 22 oz (8.2 to 624 g) of asbestos—due to the water impact, it is unlikely any of these materials 
could become airborne.  Although unlikely, if the impact were to generate small quantities of air 
emissions or Hazardous Air Pollutants, trade winds would rapidly dissipate any airborne particles.  
Because of the water impact, trade winds, and the lack of populated areas near the impact areas, no 
significant impacts to air quality are expected. 
 
4.2.4.1.3 Post-Test Operations 
Similar to pre-test preparations and support, post-test operations require the use of mobile sources of air 
emissions.  The emission sources include a combination of vessels.  Emission of criteria pollutants and 
GHG from these sources is minor and temporary.  No exceedances of air quality standards are expected, 
and no new permanent stationary sources of emissions or changes to air emission permits are required.  
As a result, post-test operations requirements are not expected to have significant impacts on local or 
regional air quality. 
 
4.2.4.2 Biological Resources 
 
Criteria for assessing potential impacts on marine biological resources are based on the potential for loss 
of habitat (destruction, degradation), excessive take (accidental or intentional death, injury), harassment; 
increases in exposure or susceptibility to disease and predation, and decrease in breeding success.  
Collision with vessels or missile debris; release of contaminants from missile constituents; sound; or 
human contact could potentially cause impacts.  Impacts are considered substantial if they have the 
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potential to result in the reduction of population size of US Federally listed threatened or endangered 
species, degradation of biologically important unique habitat, or reduction in capacity of a habitat to 
support species.  Potential non-acoustic effects include physical impact by the NMIS ship or falling 
debris, by entanglement in debris, and contact with or ingestion of debris or hazardous materials. 
 
During ocean travel to and from test support areas, vessel operators would monitor for marine mammals 
and sea turtles to avoid potential ship strikes, remaining 300 ft (91 m) from whales and 150 ft (46 m) 
away from other protected species.  Vessel operators also would adjust their speed based on expected 
animal densities, and on lighting and turbidity conditions.  Intentional discharges of fuel, toxic wastes, or 
plastics and other solid wastes that could harm marine life are prohibited during vessel operation. 
 
The third stage rocket motor debris splashdowns would occur approximately 4,900 to 5,200 nm (9,075 to 
9,630 km) from the California coast, into a BOA within the Guam or FSM EEZ.  The TT port assemblies 
would impact downrange of the third-stage rocket motor debris by approximately 300 to 500 nm (556 to 
926 km) in an impact area within the EEZ of Micronesia, approximately 38 nm from the closest island. 
 
The RVs would impact approximately 80 nm (148 km) offshore from the closest island of the ROP or 
within international waters at depths ranging from 10,000 to 16,600 ft (3,048 to 5,060 m).  Towards the 
terminal end of each MMIII extended range flight test, the PBV and MGS fragments would impact in 
predetermined BOAs of the Palau and FSM EEZs. 
 
When the spent rocket motors impact in the ocean, no solid propellant would remain.  The residual 
aluminum oxide and burnt hydrocarbon coating the inside of the motor casings would not present toxicity 
concerns.  Though the batteries carried onboard the rocket motors would be spent (discharged) by the 
time they impact in the ocean, they would still contain small quantities of electrolyte material.  These 
materials, along with residual amounts of strontium perchlorate contained in the third-stage motors, may 
mix with the seawater. 
 
The batteries carried onboard an RV also would be spent by the time the vehicle impacts the ocean water.  
The quantity of electrolyte material for the batteries carried on each test RV would amount to no more 
than 2.13 ounces (64 milliliters) of potassium hydroxide.  Some test RVs would also contain about 0.2 lb 
(0.09 kg) of lithium compounds.  The small quantities of hazardous materials from batteries and the 
dilution and mixing of the ocean waters should be of little consequence to marine life in the area. 
 
The National Aeronautics and Space Administration (NASA) conducted a thorough evaluation of the 
effects of rocket systems deposited in seawater.  The evaluation concluded the release of hazardous 
materials, carried onboard launch vehicles, would not be significant (USAF, 2004).  Hazardous materials 
would be diluted rapidly in the seawater and, except for the immediate vicinity of the debris, would not be 
found at concentrations identified as producing adverse effects (USN, 1998). 
 
Ocean depths in the ROI reach thousands of feet (meters) and, consequently, impacts from hazardous 
materials are expected to be minimal.  The area affected by the dissolution of hazardous materials 
onboard would be relatively small because of the size of the rocket components and the minor amount of 
residual materials they would contain.  Such components would immediately sink to the ocean bottom, 
out of reach of marine mammals, sea turtles, and most other marine life.  Though it is possible for deep 
ocean, benthic species to be adversely affected by any remaining contaminants, such impacts would be 
very localized, occurring within a short distance of missile component debris deposited on the ocean 
floor.  Consequently, no significant impacts to biological resources are expected from the residual 
hazardous materials in seawater. 
 



Minuteman III Extended Range Flight Testing  Final Supplemental Environmental Assessment 

4-8 

The proposed MMIII extended range test flights would not have a discernible or measurable impact on 
benthic or planktonic organisms, because of their abundance, their wide distribution, and the protective 
influence of the mass of the Pacific Ocean around them.  However, the potential exists for impacts to 
larger vertebrates in the proposed impact areas, particularly marine mammals and sea turtles that must 
come to the surface to breathe.  Potential impacts on these species have been considered in this analysis 
and include the effects of acoustic effects produced by rapid descent to impact (sonic booms), and non-
acoustic effects (splashdown of missile stages and release of propellants or other hazardous materials into 
the water).  Potential acoustic effects include behavioral disturbances and temporary or permanent hearing 
impairment.  Potential non-acoustic effects include physical impact by falling debris, and contact with or 
ingestion of debris or hazardous materials, particularly unexpended fuels.  The resulting impact of a large, 
fast-moving object, such as the spent casing of a rocket motor, could cause either type of effect (USAF, 
2004). 
 
Fish 
Most missile tests pose little risk to fish unless the fish happen to be near the surface at the point of 
impact.  Permanent, adverse impacts on EFH components are not anticipated since missile flight test 
operations are conducted to avoid potential impacts.  There are unavoidable impacts associated with 
operations that may result in temporary and localized impacts caused by debris.  The impact of missile 
components on the ocean surface could cause fish mortalities.  These effects would be localized and 
transient.  Fish populations from surrounding areas would quickly repopulate the affected area.  As a 
result, the overall effects from the proposed flight tests would produce no significant harm to the quality 
and/or quantity of fish stocks, nor would EFH be adversely affected. 
 
Sea Turtles 
Although sea turtles may be present in any of the BOAs of the proposed impact areas, there are no 
topographic features, such as seamounts, in these areas that would induce concentrations of sea turtles.  
Individual pieces of debris from the proposed missile tests would be dispersed over a large area.  While a 
direct hit from a piece of debris would affect a sea turtle at the surface, it is extremely unlikely that this 
would ever occur.  As data collection instruments are deployed, LLNL personnel will observe the impact 
and surrounding area to the best of their ability for indications of sea turtle presence.  If such indications 
exist or sea turtle individuals are observed to persist in the impact or surrounding area, the presence will 
be reported by LLNL personnel to AFGSC personnel, who will determine the potential for holding launch 
activities to allow the animals to pass through the area of concern.  Based on conservative estimates of sea 
turtle densities coupled with conservative estimates of hearing, it was determined only a negligible 
number of sea turtles (i.e., less than 0.0003) might be affected acoustically or non-acoustically by 
proposed extended range flight testing. 
 
Marine Mammals 
Debris and booster drops in the impact areas are not expected to adversely affect protected marine 
mammal species.  The probability is low for migratory whales to be within the BOA and to be affected by 
falling debris and boosters.  These sensitive marine species are widely scattered, and the probability of an 
individual marine mammal being struck by debris is considered remote.  As data collection instruments 
are deployed, LLNL personnel will observe the impact and surrounding area to the best of their ability for 
indications of marine mammal presence.  If such indications exist or marine mammal individuals are 
observed to persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 
AFGSC personnel, who will determine the potential for holding launch activities to allow the animals to 
pass through the area of concern.  Of particular concern is the potential for impacts to marine mammals 
from acoustic effects.  Potential acoustic effects include behavioral disturbance (including displacement), 
acoustic masking (elevated noise levels that drown out other noise sources), and temporary or permanent 
hearing impairment (from very strong sounds). 
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4.2.4.2.1 Sonic Boom Overpressures 
As each test RV descends, sonic booms are initially generated over a very broad area of the open ocean to 
the northeast and continue in a southwesterly direction towards the designated target area, where the sonic 
boom footprint narrows to just a few miles on either side of the flight path (Figure 4-1).  At the ocean 
surface, the in-air sound pressure levels for the sonic booms vary from 91 dB at the eastern-most range 
and increase to 150 dB at the western-most range, close to the point of impact.  Equivalent underwater 
overpressure levels range from 117 to 176 dB (re 1 µPa).  The sonic boom footprints would occur at two 
distinct locations, with an unspecified temporal separation, entirely over open ocean and within the areas 
covered by the NOTAMs and NOTMARs.  The duration for sonic boom overpressures produced by the 
RVs ranges from 40 milliseconds where the boom is strongest to 124 milliseconds where it is weakest 
(Moody, 2004b). 

 
Figure 4-1  Representative Sonic Boom Footprints for RVs 

in the BOAs 
 

An earlier noise study of MMIII flight tests from Vandenberg AFB modeled the sonic boom levels 
generated downrange (Tooley, et al., 2004).  The modeling results showed the surface footprint of the 
sonic boom can extend outward several miles on each side of the flight path, but it quickly dissipates with 
increasing distance downrange.  At the ocean surface, peak overpressures were estimated to be in the 138 
to 149 dB range in air, based on typical atmospheric wind conditions.  Such overpressures are equivalent 
to between 164 to 175 dB (re 1 µPa) in water at the air-to-water interface.  The duration of these acoustic 
events is less than 250 milliseconds or a quarter of a second. 

Derived from Tooley et al., 2004 
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The propagation of sonic booms underwater can affect the behavior and hearing sensitivity in marine 
mammals (primarily cetaceans) and sea turtles.  Loud enough sounds can cause cetaceans to quickly 
react, altering their normal behavior.  Most observations of behavioral responses of cetaceans to 
anthropogenic sounds have been limited to short-term responses, including disturbance to feeding, 
resting, or social interactions.  Higher sound levels can result in some level of hearing loss.  Depending on 
the level of exposure, either TTS or PTS may occur.  A TTS can temporarily impair an animal’s ability to 
communicate, navigate, forage, and detect predators; a PTS can permanently impair the animal.  The 
onset of hearing threshold shift in marine mammals and sea turtles depends on the total exposure to sound 
energy, a function of sound pressure level, and the duration of exposure.  As a sound gets louder, the 
duration required to induce TTS gets shorter.  Exposure to sound in excess of that required to cause TTS 
may result in a PTS. 
 
Sea turtle auditory sensitivity is not well studied.  Research suggests the animals are less sensitive to the 
auditory effects of impulsive sounds than marine mammals (Ridgway et al., 1969; USN, 2008a, 2008b).  
Application of the cetacean thresholds for TTS and PTS therefore is likely to be particularly conservative 
for sea turtles (Mobley, 1994; 1995; 2000). 
 
For this analysis, acoustical thresholds for the onset of TTS and PTS in marine mammals and sea turtles 
are based on prior studies conducted by the USN for underwater detonations and ship-shock trials (USN, 
2008a, 2008b).  The underwater peak pressure thresholds are 224 dB (re 1 µPa) for the onset of TTS and 
230 dB (re 1 µPa) for the onset of PTS.  Thus, for the MMIII ERFT flight tests a maximum sonic boom 
underwater peak pressure of 175 dB (re 1 µPa) would not induce TTS or PTS in marine mammals or sea 
turtles in the open ocean.  Therefore, no significant impacts would occur to marine mammals or sea 
turtles from sonic boom overpressures resulting from MMIII ERFT test flights. 
 
Although it may be possible for such underwater sound levels to cause slight changes in animal behavior, 
the affects are expected to be brief.  The RV sonic booms would have minimal impacts on marine 
mammals and sea turtles because:  (1) underwater sound levels would not exceed thresholds for TTS (224 
dB [re 1 µPa]) or PTS (230 dB [re 1 µPa]); (2) the higher-level overpressures would generate minimal in-
water footprints and be very short in duration; and (3) marine mammal and sea turtle species are expected 
to have low and patchy densities.  Notably, since the RV approaches and impacts are within the BOA 
there would be no effects on terrestrial species and/or migratory birds. 
 
4.2.4.2.2 Direct Contact and Shock/Sound Wave from the Impact of Missile Components 
As shown in Figures 2-4 and 2-5, the impact areas for the third-stage spent rocket motors are 
approximately 125 to 320 nm (232 to 593 km) southeast of Guam, within its EEZ or that of Micronesia.  
During the descent of the spent motors, each motor would hit the ocean surface at speeds of 
approximately 195 to 230 ft per second (59 to 70 m per second) (USAF, 2006b).  The expended motors 
would have considerable kinetic force (USAF, 2004).  Upon impact, this transfer of energy to the ocean 
water would a shock wave (low-frequency acoustic pulse) similar to that produced by explosives.  Studies 
for MMIII flight tests have shown underwater noise pulse levels would be on the order of 188 to 190 dB 
referenced to 1 μPa (re 1 μPa) at a range of 164 ft (50 m) from the motor impact point (Tooley et al., 
2004).  In the water, this would feel like a “sharp push.”  At such distances, the resulting shock wave is 
not expected to cause any injuries to marine mammals and sea turtles. 
 
If a portion of the missile were to strike a protected marine mammal or sea turtle near the water surface, 
the animal most likely would be killed.  In addition, the resulting underwater shock/sound wave radiating 
out from the impact point could potentially harm other animals.  Close to the impact point, the 
shock/sound wave might cause PTS, injure internal organs and tissues, or prove fatal to the animals.  
Such pressure levels would occur only within several feet of the rocket motor impact points.  Slightly 
further away, TTS effects might occur, but with increasing distance away from the impact point, pressure 



Minuteman III Extended Range Flight Testing  Final Supplemental Environmental Assessment 

4-11 

levels would decrease, as would the risk for injury.  Figure 4-2 illustrates the relative distances for these 
shock/sound wave effects on animals. 
 
Research shows an underwater sound level of approximately 240 dB (re 1 µPa) is the baseline criterion 
for defining unavoidable injury or death in marine mammals (Ketten, 1998).  Such effects would occur 
within a very short distance to each rocket motor impact point.  For TTS and PTS effects on marine 
mammals and sea turtles, this SEA used a dual-exposure criteria approach, which has also been accepted 
by NMFS, based on prior studies conducted by the USN for underwater detonations and ship-shock trials 
(USN, 2008a, 2008b).  The criteria use both peak pressure levels in dB (re 1 μPa) and energy flux density 
values, which are a measure of the sound energy flow per unit area expressed in dB referenced to 1 
squared μPa-second (re 1 μPa2-s) for underwater sound.  Table 4-3 presents the estimated radial distances 
for the onset of TTS and PTS for the motor based on the USN criteria.  Energy flux density criteria result 
in much larger radial distances, when compared to peak pressure criteria.  The outermost distance at 
which TTS would occur is estimated to be 56 ft (17 m) from the impact point of the third stage motor.  
Although not shown in table, radial distances for the smaller and lighter MMIII missile shroud and the six 
TT port assemblies would be substantially less than that of the rocket motors. 

Within the ROI, within the ROI, population estimates and migratory routes for most of the marine 
mammal species in the impact areas are not available.  Thus, calculating probabilities for impacts based 
on animal densities is considerably difficult.  However, when applying relatively conservative data from 
surveys conducted elsewhere around the Hawaiian Island Pacific Region, the probability for a rocket 
motor striking cetaceans in the open ocean is 5.4 x 10-5 or less per splashdown event, and lower for sea 
turtles (Tetra Tech, 2012).  Animal densities in the BOAs of the ROI are expected to be lower.   
 
Considering individual rocket motor splashdown points are spread hundreds and thousands of miles apart, 
and each impact point would affect a relatively small area, the splashdown of MMIII missile components 
in the BOAs is not expected to have a significant impact on marine mammals or sea turtles. 
 
An RV impacting in the ocean would result in underwater shock/sound waves comparable to the 
splashdown of the MMIII rocket motors described earlier, but with much greater force because of the 
hypersonic velocity at the time of impact.  The resulting underwater waveform in either case would last 
about 10 to 30 milliseconds (Moody, 2004a; Tooley et al., 2004). 
 
As the shock/sound wave radiates away from the impact point, sound levels would decrease, as would the 
risk for injury or auditory effects (see Figure 4-2).  Using the dual-exposure criteria (peak pressure and 

Onset of PTS 
Onset of TTS 

 

Figure 4-2  Illustration of the Relative Underwater Radial Distances for Shock / Sound 
Wave Effects on Marine Mammals and Sea Turtles 

Impact 
Point 

Unavoidable 
Injury/Death 

Decreasing Pressure 

Derived from Moody, 2004A 
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energy flux density) approach described earlier, Table 4-4 presents the estimated radial distances for the 
onset of TTS and PTS from the RV point of ocean impact.  As Table 4-4 shows, the energy flux density 
criteria result in larger radial distances for the onset of PTS and TTS, when compared to the peak pressure 
criteria results.  The outermost distance at which TTS would occur is estimated to be 1,360 ft (415 m) 
from the RV impact point.  Notably, the RVs for the tests would not contain high explosives. 
 

Table 4-4  Estimated Underwater Radial Distances for Unavoidable Injury or Death, 
Onset of TTS and PTS in Marine Mammals and Sea Turtles from RV Ocean Impacts 

Potential Effect Criterion Criterion Source 
Radial Distance from 

Impact Point 
ft (m) 1 

Unavoidable Injury or Death 240 dB (re 1 μPa) Ketten, 1998 10 (3) 
 
 

PTS 

230 dB (re 1 μPa) 
peak pressure USN, 2008b 31 (10) 

205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 96 (29) 

 
 

TTS 

224 dB (re 1 μPa) 
peak pressure USN, 2008a, 2008b 62 (19) 

182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 1,360 (415) 

 1 Derived from USAF, 2004 

Population estimates for marine mammal species are not available for the ROI.  When applying relatively 
conservative data from surveys conducted around the Mariana Islands region, the probability for an RV 
underwater shock/sound wave to induce PTS in cetaceans in the ocean is less than 5.40 x 10-5 per impact 
event. For TTS, the probability increases to approximately 5.18 x 10-4 for two RV impact events.  
Probabilities inducing PTS and TTS in sea turtles would be considerably less.  Animal densities in the 
target impact areas are expected to be lower than in the surveyed areas. 
 
Thus, the resulting acoustic effects from shock/sound waves may affect, but are not likely to adversely 
affect protected marine mammals and sea turtles because:  (1) only two RV impacts would occur within 
the target areas, (2) cetaceans and sea turtles are expected to occur at low densities and in patchy 

Table 4-3  Estimated Underwater Radial Distances for the Onset of TTS 
and PTS in Marine Mammals and Sea Turtles from 

Minuteman III Third Stage Motor Impacts in the Ocean 

Potential 
Effect Criterion Criterion Source 

Radial Distance from 
Impact Point 

ft (m) 
Unavoidable 

Injury or 
Death 

240 dB (re 1 μPa) Ketten, 1998 <1 (<1) 

PTS 

230 dB (re 1 μPa) peak 
pressure USN, 2008b 1 (<1) 

205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 4 (1) 

TTS 

224 dB (re 1 μPa) 1 peak 
pressure USN, 2008a, 2008b 3 (1) 

182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 56 (17) 

1 A peak pressure of 224 dB (re 1 μPa) is equivalent to 23 psi. 
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distributions within the region, (3) it is unlikely animals would be located within the small radial impact 
area; and (4) the implementation of pre-test visual and sensor sweeps surveys of the designated target 
area(s). 
 
For both flight tests, the RVs impact approximately 80 nm (148 km) offshore from the closest island in 
the ROP or within international waters into deep ocean waters where depths range from 10,000 to 16,600 
ft (3,048 to 5,060 m).  No craters would form on the ocean bottom, and there would be no ground-borne 
vibrations from the RV impacts.  There would be no effects to mollusks, sponges, and hard corals from 
the RV impact. 
 
4.2.4.3 Health and Safety 
 
The Proposed Action requires the administration of NOTAMs and NOTMARs in advance of MMIII 
ERFT test flights to allow aircraft, surface vessels, and the general public ample time to avoid the post-
boost vehicle and RV impact hazard areas.  As half of the four annual MMIII flight tests, the two test 
flights for MMIII ERFT would not alter the findings from the No Action Alternative.  Therefore, no 
significant impacts to public health and safety are anticipated for the Proposed Action. 
 
During the flight test, personnel in the vicinity of the impact area would comply with the applicable DOD 
or LLNL Hearing Conservation Program.  The level of risk to operational personnel is kept at a minimum 
and no significant impacts would occur from Health and Safety issues during equipment transfer in Guam 
or during RV impacts in the BOAs. 
 
Adherence to the policies and procedures protects the health and safety of operational personnel.  During 
MMIII missile flight tests, public safety and health are ensured through the establishment of hazard areas 
and impact debris corridors, in addition to the NOTMARs and NOTAMs published for mariners, pilots, 
and the general public.  Overall, no significant impacts to health and safety are expected. 
 
4.2.4.4 Hazardous Materials and Waste Management 
 
For the Proposed Action, the increased use of fuels, lubricants and oils would represent only a small 
increase in the hazardous materials requiring management on Guam.  Other than the use of fuels, 
lubricants, oil, and batteries for operating transportation and related support equipment, there is limited 
use of hazardous materials in support of MMIII pre-test preparations.  Measures would be taken to inspect 
and repair equipment to prevent leaks, and for the containment and clean-up of spills during vessel 
operations.  Intentional discharges of fuel, toxic wastes, or plastics and other solid wastes that could harm 
marine life are prohibited during vessel operations.  Proper procedures and all regulations identified in 
section 3.4.4 are followed, ensuring compliance and safe management.  In addition, environmental audits 
by both internal offices and external agencies are conducted periodically at DOD facilities to verify 
compliance. 
 
When a BOA is targeted for RV impacts, portable sensors may operate on diesel fuel, lubricants, or small 
batteries, but none of the sensory equipment contains pressurized gases, propellants, ordnance, or other 
hazardous materials.  Just as during the pre-test preparations, any accidental spills from support 
equipment operations would be contained and cleaned up in accordance with US and DOD requirements.  
Any resulting waste materials would be returned to Guam for proper storage and disposal in accordance 
with the US regulations.  Hazardous waste and other waste-handling capacities at Guam would not be 
exceeded, and waste management programs would not have to change.  Thus, no significant impacts to 
Hazardous Materials and Waste Management are expected from the proposed MMIII ERFT activities. 
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4.2.4.5 Noise 
 
4.2.4.5.1 Pre-Test Preparations and Support 
Pre-test preparation activities, including vessel operations, are not expected to have any noise impacts on 
local Guam, ROP, or FSM communities.  Personnel at Kwajalein and Guam preparing, shipping and 
preparing the ship sensor rafts are required to comply with all applicable occupational health and safety 
regulations.  As a result, pre-test preparation activities are not expected to cause significant noise impacts. 
 
4.2.4.5.2 Terminal Flight and Impact Activities 
As each descending RV approaches the target area, sonic booms are initially generated over a very broad 
area of the open ocean along the flight path and continue in a southwesterly direction towards the point of 
impact, where the sonic boom footprint narrows to just a few miles on either side of the flight path 
(Figure 4-1).  At the ocean surface, the sound pressure levels for the sonic booms would vary from 91 dB 
in air at the eastern-most range and increase to 150 dB at the western-most range, close to the point of 
impact.  The duration for sonic boom overpressures produced by the RVs ranges from 40 milliseconds 
where the boom is strongest to 124 milliseconds where it is weakest (Moody, 2004a).  Within the 
majority of the sonic boom footprint, sound levels are below the 120 dB produced by a thunderclap 
(Vavrek et al., 2008) and well within the Army standard of 140 dB (peak sound pressure level) for 
impulse noise. 
 
The sonic boom would be clearly audible within approximately 35 nm (65 km) on both sides of the flight 
path; however, it would occur entirely over open ocean and there are no inhabited islets within this 
corridor that would hear it.  Because the sonic boom footprints do not overlap any Guam, Micronesia, or 
Palau communities such that there are no individuals within the sonic boom footprint, no residents are 
expected to be subjected to significant noise-related impacts.  Because the NMIS ship would be 
downrange and the sonic boom footprint would be uprange, operational personnel would not be subjected 
to significant noise-related impacts. 
 
4.2.4.5.3 Post-Test Operations 
In general, noise levels associated with post-test operations would be similar to those generated during 
pre-test preparations.  The only difference would be during recovery actions in the BOA, which would 
involve localized noise increases from machinery, generators, and other equipment.  The noise increase 
would be short in duration, minimizing impacts.  Thus, no significant impacts to ambient noise levels are 
expected. 
 
4.3 Cumulative Effects 
 
Cumulative effects are considered to be those resulting from the incremental effects of an action when 
considering past, present, and reasonably foreseeable future actions, regardless of the agencies or parties 
involved.  In other words, cumulative effects can result from individually minor, but collectively 
potentially significant, impacts occurring over the duration of the Proposed Action and within the same 
geographical area. 
 
The following sections describe the potential for cumulative impacts to occur at the BOAs within the 
Vandenberg AFB; Guam; the flight corridor; the EEZs of Guam, the FSM, and the ROP; and within the 
global environment as a result of the ongoing MMIII ERFT flight tests. 
 
4.3.1 Vandenberg Air Force Base 
 
Vandenberg AFB is the only facility in the US from which unmanned Government and commercial 
satellites can be launched into polar orbit, and where land-based ICBMs can be launched to verify 
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weapon system performance.  As the headquarters of the 30th SW, Vandenberg launches a number of 
ballistic missiles and space-lift vehicles.  In addition to the two planned MMIII ERFT flights, two more 
MMIII launches per year are expected from Vandenberg AFB.  These are analyzed in the MMIII EA, 
with a Finding of No Significant Impact to any of the evaluated resources.  No cumulative impacts are 
anticipated from the two MMIII ERFT launches substituted for two of the four launches per year 
nominally launched to the Kwajalein vicinity. 
 
4.3.2 Guam 
 
The activities at Guam associated with the MMIII ERFT flights are very limited in nature.  
Shipping/receiving, loading and unloading are actions that occur routinely in warehouses and ports and 
the addition of two MMIII ERFT flight tests would not substantially increase those activities.  By 
following appropriate health and safety procedures, and by implementing regulatory requirements for 
management of hazardous materials and wastes, no cumulative impacts would occur at Guam from the 
MMIII ERFT flights. 
 
4.3.3 Over-Ocean Flight Corridor and the Global Environment 
 
Flight termination during a MMIII ERFT test is unlikely and impacts to biological resources from flight 
termination are of a very low probability.  Although other MMIII flights would occur, their flight paths 
would not be the same as the ERFT flights, and the combined emissions would not be consequential.  
However, any emission of ozone-depleting gases represents a minute increase that could have incremental 
effects on the global atmosphere.  Few other missile flights are expected through this same flight corridor.  
Therefore, no cumulative impacts are anticipated. 
 
4.3.4 Proposed Impacts Sites – Broad Ocean Areas 
 
For the BOAs of Guam, Micronesia, and Palau, and international waters, the two proposed MMIII ERFT 
missile component drop zones and RV target sites are the only occurrences within this ROI.  With no 
other planned missile test flights to this area, no cumulative impacts are expected from the Proposed 
Action. 
 
4.4 Summary of Environmental Management and Monitoring Actions 
 
Throughout this SEA, various environmental management controls and monitoring systems are described.  
Required by Federal, state, DOD, and agency-specific environmental and safety regulations, these 
measures are implemented through normal operating procedures. 
 
Although no significant impacts are expected to result from the MMIII ERFT flight tests and 
implementation of the Proposed Action, some specific environmental management and monitoring 
actions have been identified to minimize the level of impacts that might occur.  These are summarized 
below and include the relevant sections of the SEA where they are further described. 
 
4.4.1 Vandenberg AFB 

 
1) The activities required for environmental management and monitoring actions are presented in 

the MMIII EA. 
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4.4.2 Guam 
 

1) Only trained and certified operators would operate the lifting and loading of equipment.  (Section 
4.2.2.1) 

2) Personnel would train and practice deployment, operation, and recovery of the sensor rafts, under 
the guidance of a highly experienced supervisor.  (Section 4.2.2.1) 

3) All required OSHA regulations within 29 CFR would be followed, as well as all appropriate 
DOD, LLNL, and environmental guidance, directives and procedures.  (Section 4.2.2.1) 

4) The warehouse and port facilities would follow US Resources Conservation and Recovery Act 
requirements for management of hazardous materials, including implementation of SPCC plans 
with procedures for disposing of waste following a spill event cleanup.  (Section 4.2.2.2) 

 
4.4.3 Over-Ocean Flight Corridor 
 

1) Range safety policy requirements implemented for ballistic and space vehicle operations are 
defined in Eastern and Western Range (EWR) 127-1 (Range Safety Requirements).  The Air 
Force Space Command (AFSPC) Manual 91-710 (Range Safety User Requirements) establishes 
range safety policy, and defines requirements and procedures for ballistic and space vehicle 
operations at Vandenberg AFB.  (Section 4.2.3.2) 

2) Over-ocean launches must comply with DOD Instruction 4540.01 (Use of International Airspace 
by US Military Aircraft and for Missile/Projectile Firings). Air Force Policy Directive 91-2 
(Safety Programs) establishes the key USAF safety.  (Section 4.2.3.2) 

3) The 30 SW Safety Office and contractors conduct a comprehensive safety analysis prior to each 
launch to determine specific missile launch and flight hazards to ensure populated areas, critical 
range assets, and civilian property susceptible to damage are outside predicted impact/debris 
limits.  (Section 4.2.3.2) 

4) The NOTAMs and NOTMARs are published and circulated by 30 SW/RTS in accordance with 
30 SWI 91-104 (Operations Hazard Notice) to warn personnel to avoid hazard areas within 
international airspace and waters.  (Section 4.2.3.2) 

5) Flight corridors are designed to avoid inhabited areas; should a MMIII missile head off course or 
other problems occur during flight, the Missile Flight Control Officer would activate the destruct 
package on the missile.  (Section 4.2.3.2) 

 
4.4.4 Proposed Impacts Areas - BOAs 
 

1) During ocean travel to and from impact and test support areas, vessel operators would monitor for 
marine mammals and sea turtles to avoid potential ship strikes, remaining 300 ft (91 m) from 
whales and 150 ft (46 m) away from other protected species.  Vessel operators would also adjust 
their speed based on expected animal densities, and on lighting and turbidity conditions. (Section 
4.2.4.2) 

2) As data collection instruments are deployed, LLNL personnel will observe the impact and 
surrounding area to the best of their ability for indications of sea turtle or marine mammal 
presence.  If such indications exist or sea turtle or marine mammal individuals are observed to 
persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 
AFGSC personnel, who will determine the potential for holding launch activities to allow the 
animals to pass through the area of concern.  (Section 4.2.4.2). 

3) During the flight test, personnel in the vicinity of the impact area would comply with the 
applicable DOD or LLNL Hearing Conservation Program and adhere to health and safety policies 
and procedures.  (Section 4.2.4.3) 

4) Proper procedures and all regulations identified in section 3.4.4 would be followed, including 
RCRA for hazardous materials and waste management.  Measures would be taken to inspect and 
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repair equipment to prevent leaks, and for the containment and clean-up of spills during vessel 
operations.  Intentional discharges of fuel, toxic wastes, or plastics and other solid wastes that 
could harm marine life are prohibited. (Section 4.2.4.4) 

 
4.5 Conclusions 
 
Based upon review of the facts and analyses contained in the SEA, the USAF has concluded that neither 
the Proposed Action nor the No Action Alternative will have a significant environmental impact, either by 
itself or cumulatively with other projects.  Accordingly, the requirements of NEPA, the CEQ Regulations, 
32 CFR Part 989 are fulfilled and an Environmental Impact Statement is not required. 
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Species protected by The Marine Mammal Protection Act (MMPA) potentially occurring in the over-
ocean flight corridor and/or MMIII component impact areas in the west Pacific Ocean are briefly 
described below as provided in the Mariana Islands Range Complex (MIRC) Environmental Impact 
Statement (EIS) (Commander, Pacific Fleet, Executive Agent, 2010): 
 
Bryde’s Whale (Balaenoptera edeni) 
Population Status—There were an estimated 233 ([Coefficient of Variance] CV = 0.45; 95% Confidence 
Indicator [CI] = 99-546) Bryde’s whales in the Mariana Islands Sea Turtle and Cetacean Survey 
(MISTCS) study area, and density was estimated as 0.00041 animals per square kilometer (CV = 0.45).  
The International Whaling Commission recognizes three management stocks of Bryde’s whales in the 
North Pacific: Western North Pacific, Eastern North Pacific, and East China Sea.  The Bryde’s whale is 
designated as “data deficient” on the IUCN Red List. 

Distribution—Bryde’s whale is found year-round in tropical and subtropical waters in either hemisphere.  
They have been reported to occur in both deep and shallow waters globally.  Long migrations are not 
typical of Bryde’s whales, though limited shifts in distribution toward and away from the equator, in 
winter and summer, respectively, have been observed.  Bryde’s whales have a broad, overlapping winter 
and summer distribution in the Central Pacific from 5°S to 40°N, and are the most common baleen whales 
likely to occur in the Mariana Islands from May to July, and possibly August. 

Historical records show a consistent presence of Bryde’s whales in the Mariana Islands.  Bryde’s whales 
were sighted in the Mariana Islands during a 1994 survey, in the western Pacific.  These whales are 
typically only seen when surface water temperature is greater than 68°Fahrenheit (F) (20°Centigrade [C]) 
although a preference for water temperatures between approximately 59° and 68°F (15° and 20°C) has 
been reported.  A single Bryde’s whale washed ashore on Masalok Beach on Tinian in February 2005.  
There was one sighting in July 1999, approximately 5 to 10 nautical miles (nm) (9.3 to 18.5 kilometers 
[km]) west of Farallon de Medinilla.  Additionally, there was a sighting 105 nm (195 km) southeast of 
Guam made during December 1996, which was reported to the NMFS for their Platforms of Opportunity 
Program.  Occurrence patterns are expected to be the same throughout the year. 

Bryde’s whales were observed at least 18 times during the three month Navy survey in 2007.  They were 
observed in groups of one to three, with several sightings including calves.  Bryde’s whales were sighted 
in deep waters, ranging from 8,363 to 24,190 feet (ft) (2,534 to 7,330 meters [m]).  There were several 
sightings in waters over and near the Mariana Trench.  Most sightings though were associated with 
bathymetric relief (e.g., steeply sloping areas and seamounts), including sightings adjacent to the 
Chamorro Seamounts east of the Commonwealth of Northern Mariana Islands and over the West Mariana 
Ridge.  There were also concentrations in the southeast corner of the MISTCS study area.  Multi-species 
aggregations with sei whales also were observed on several occasions.  During marine mammal 
monitoring for Valiant Shield 07, a single Bryde’s whale was observed about 87 nm (161 km) east of 
Guam at the edge of the Mariana Trench. 

While 25°N may represent the northernmost extent of Bryde’s whale winter distribution (5°S to 25°N), 
they can range from 5°N to 40°N during summer, suggesting that winter and summer ranges overlap.  The 
majority of August sightings reported in the Western Pacific for Bryde’s whales are between 20 to 40°N, 
although there was no reported sighting effort south of 20°N.  Bryde’s whales sometimes are seen very 
close to shore and even inside enclosed bays. 

Reproduction/Breeding—Breeding and calving occur in warm temperate and tropical areas but regularly 
used sites have not been identified. 

Diving Behavior—Bryde’s whales are lunge-feeders, feeding on fish and krill and might dive as long as 
20 minutes. 

Acoustics—Bryde’s whales produce low frequency tonal and swept calls similar to those of other 
balaenopterid whales.  Calls vary regionally, yet all but one of the call types have a fundamental 
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frequency below 60 Hertz (Hz); they last from 0.25 seconds to several seconds; and they are produced in 
extended sequences.  There appear to be five tone types.  While no data on hearing ability for this species 
are available, it has been hypothesized that mysticetes have acute infrasonic hearing. 

Minke whale (Balaenoptera acutorostrata) 
Population Status—The minke whale is designated as “least concern” on the IUCN Red List.  There are 
no abundance estimates for this species in this area.  It has been noted that densities of minke whales 
throughout the North Pacific are low; however, frequent acoustic detections suggest that this may be due 
to their cryptic nature.  The International Whaling Commission recognizes three stocks of minke whales 
in the North Pacific, one of which is in the western Pacific west of 180ºN (sic). 

The minke whale was frequently detected acoustically (29 detections) during the MISTCS cruise.  
However, since there were no visual sightings, no abundance or density could be calculated for this 
species.  A density estimate of 0.0003 animals per km2 (CV = 0.71) was derived from the eastern tropical 
Pacific surveys. 

Distribution—The minke whale generally occupies waters over the continental shelf, including inshore 
bays and estuaries.  However, based on whaling catches and surveys worldwide, there is also a deep-
ocean component to the minke whale’s distribution.  During August in the North Pacific, minke whales 
are more common in the Bering and Chukchi seas and in the Gulf of Alaska. 

Minke whales are distributed in polar, temperate, and tropical waters; they are less common in the tropics 
than in cooler waters and are present in the North Pacific from near the equator to the Arctic.  In the 
winter, minke whales are found south to within 2° of the equator.  There is no obvious migration from 
low-latitude, winter breeding grounds to high-latitude, summer feeding locations in the western North 
Pacific, as there is in the North Atlantic; however, there are some monthly changes in densities in both 
high and low latitudes.  Some coastal minke whales restrict their summer activities to exclusive home 
ranges and exhibit site fidelity to these areas between years. 

Minke whales were the most frequently acoustically detected species of baleen whale during the Navy’s 
2007 survey and were found mostly in the southwestern area of the MIRC near the Mariana Trench.  It is 
not unusual to have acoustic sightings with no visual confirmation due to the cryptic behavior of this 
species in tropical waters.  Minke whale vocalizations in the Pacific Islands have been reported only 
during the winter months, however it is not known if this is indicative of a seasonal migration. 

Reproduction/Breeding—It has been suggested that mating occurs in winter or early spring although it 
has never been observed. 

Diving Behavior—A general surfacing pattern of minke whales was observed to consist of about four 
surfacings, interspersed by short-duration dives averaging 38 seconds.  After the fourth surfacing, there 
was a longer duration dive ranging from approximately 2 to 6 minutes.  Minke whales are “lunge feeders” 
like the other balaenopterid whales, although different feeding strategies used by minke whales have been 
reported.  In the North Pacific, major food items include krill, Japanese anchovy, Pacific saury, and 
walleye pollock. 

Acoustics—Recordings in the presence of minke whales have included both high- and low-frequency 
sounds.  Two basic forms of pulse trains were attributed to minke whales: a “speed up” pulse train with 
energy in the 200 to 400 Hz band, with individual pulses lasting 40 to 60 milliseconds, and a less 
common “slow-down” pulse train characterized by a decelerating series of pulses with energy in the 250 
to 350 Hz band.  Recorded vocalizations from minke whales have dominant frequencies of 60 Hz to 
greater than 12,000 Hz, depending on vocalization type.  

Recorded source levels, depending on vocalization type, range from 151 to 175 decibels referenced to 1 
micropascal-meter (dB re 1 μPa-m).  A complex and stereotyped sound sequence (“star-wars 
vocalization”) in the Southern Hemisphere that spanned a frequency range of 50 Hz to 9.4 kilohertz (kHz) 
has been reported.  Broadband source levels between 150 and 165 dB re 1 μPa-m were calculated.  
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“Boings,” recently confirmed to be produced by minke whales and suggested to be a breeding call, consist 
of a brief pulse at 1.3 kHz, followed by an amplitude modulated call with greatest energy at 1.4 kHz, with 
slight frequency modulation over a duration of 2.5 seconds.  While no data on hearing ability for this 
species are available, mysticetes may have acute infrasonic hearing. 
 
Blainville’s Beaked Whale (Mesoplodon densirostris) 
Population Status—The Blainville’s beaked whale is designated as “data deficient” on the IUCN Red List 
(Reeves et al., 2002) (IUCN Red List version 2009.2).  There are no abundance estimates for the 
Blainville’s beaked whale in this area.  There was no density estimate for Blainville’s beaked whales 
available from the Mariana Islands, therefore, a density estimate of 0.0013 animals per km2 (CV = 0.71) 
that was derived from the offshore Hawaii area was used. 

Distribution—The Blainville’s beaked whale occurs in temperate and tropical waters of all oceans.  In the 
eastern Pacific tropical waters, where there are about a half-dozen Mesoplodon spp. known, the 
Blainville’s beaked whale is second only to the pygmy beaked whale (Mesoplodon peruvianus) in 
abundance.  These whales are usually found in small social groups of about 5 (NMFS, 2012).  In waters 
of the western Pacific, where the pygmy beaked whale is not considered to be present, the Blainville’s 
beaked whale is probably the most common and abundant tropical species of Mesoplodon.  Beaked 
whales may be expected to occur in the area including, and seaward of, the shelf break.  Two 
Mesopolodon spp. were observed during the Navy’s 2007 survey, over the West Mariana Ridge, but were 
not identified to the species level.  Occurrence of beaked whales on the shelf between the 165 ft (50 m) 
isobath and the shelf break are not expected.  This takes into account that deep waters come very close to 
the shore in this area.  In some locales, beaked whales can be found in waters over the shelf, so it is 
possible that beaked whales have similar habitat preferences here.  Occurrence patterns are expected to be 
the same throughout the year.  Recent information suggests that beaked whale species (Blainville’s and 
Cuvier’s beaked whales, and northern bottlenose whales) show site fidelity and have beeen sighted in the 
area over many years. 

Reproduction/Breeding—Beaked whales generally breed in October and November, but little else is 
known of their reproductive behavior. 

Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whales, the 
Baird’s beaked whale, feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish 
such as mackerel, sardine, and saury.  Four beaked whales Blainville’s beaked whales off the west coast 
of Hawaii foraged in deep ocean areas (2,270 to 9,855 ft [688 to 2,986 m]) with a maximum dive to 4,619 
ft (1,400 m).  Dives ranged from at least 13 minutes (lost dive recorder during the dive) to a maximum of 
68 minutes. 

Acoustics—Beaked whales possibly use frequencies of between 300 Hz and 129 kHz for echolocation, 
and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  In 2004, Blainville’s 
beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz although 40 kHz was 
the upper range of recording equipment.  Therefore, it is possible that Blainville’s beaked whales may use 
frequencies similar to those measured for Cuvier’s beaked whales, i.e, frequencies from 20 to 70 kHz.  In 
2004 in the Ligurian Sea, the source level of two Blainville’s beaked whale clicks ranged from 200 to 220 
dB re 1 μPa-m, as measured peak to peak.  Blainville’s beaked whales produce whistles and pulsed 
sounds between 6 and 16 kHz.  No hearing data is available for Blainville’s beaked whales but it has been 
reported that the Gervais beaked whale could hear in the range of 5 to 80 kHz although no measurements 
were attempted above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 

Bottlenose dolphin (Tursiops truncatus) 
Population Status—There were an estimated 122 (CV = 0.99; 95% CI = 5.0-2,943) bottlenose dolphins in 
the MISTCS study area and density was estimated as 0.00021 animals per km2 (CV = 0.99).  Bottlenose 
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dolphin group size ranged from 3 to 10 individuals and calves were seen during several sightings.  
Bottlenose dolphins are designated as “least concern” on the 2009 IUCN Red List.  Nothing is known of 
stock structure around the Marianas.  The only estimate of abundance of bottlenose dolphins for the 
region is an estimate of 31,700 animals for the Western North Pacific, which may possibly coincide with 
the stock of offshore bottlenose dolphins that occurs around the Marianas. 

Distribution—Bottlenose dolphins off the Pacific coast of the U.S. are known to feed primarily on surf 
perches (Family Embiotocidae) and croakers (Family Sciaendae).  Bottlenose dolphins are expected to 
occur from the coastline to the 6,600 ft (2,000 m) isobath, which takes into consideration the known 
habitat preferences of Tursiops globally.  Individuals are expected to occur in both harbors and lagoons, 
based on observations worldwide in similar habitats.  There is a low or unknown occurrence of the 
bottlenose dolphin seaward of the 6,600 ft (2,000 m) isobath.  This pattern takes into account possible 
movement by bottlenose dolphins between the Mariana Islands chain, as well as sightings globally in 
deep waters.  Occurrence patterns are expected to be the same throughout the year.  There are no 
stranding records available for this species in the Marianas area and vicinity, and only a mention that 
bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of bottlenose 
dolphins do not occur in great numbers in this island chain due to the fact that the area does not have a 
significant shelf component.  A similar situation could be occurring in the MIRC Study Area and vicinity. 

Bottlenose dolphins were sighted three times during the Navy’s 2007 MISTCS survey, two of the 
sightings were in the vicinity of Challenger Deep, while the other sighting was east of Saipan near the 
Mariana Trench in deep waters ranging from 13,995 to 16,536 ft (4,241 to 5,011 m).  One of the sightings 
near the Challenger Deep was a mixed-species aggregation that included sperm whales (with calves) 
logging at the surface.  Another mixed-species aggregation involved bottlenose dolphins with short-
finned pilot whales and rough-toothed dolphins. 

Reproduction/Breeding—Newborn calves are observed throughout the year and may be influenced by 
productivity and food abundance.  In 1993, it was reported that all his sightings of bottlenose dolphins in 
the western Pacific were of a larger, unspotted type (presumably the bottlenose dolphin, as opposed to the 
similar Indo-Pacific bottlenose dolphin).  The Indo-Pacific bottlenose dolphin is considered to be a 
species associated with continental margins, as it does not appear to occur around offshore islands great 
distances from a continent, such as the Marianas.  However, since the Indo-Pacific bottlenose dolphin 
occurs directly west and to the south of the Marianas area, there is the possibility of extralimital 
occurrences of this species. 

There are no stranding records available for this species in the Marianas area and vicinity, and only a 
mention that bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of 
bottlenose dolphins do not occur in great numbers in this island chain due to the fact that the area does not 
have a significant shelf component.  A similar situation could be occurring in the MIRC Study Area and 
vicinity. 

Diving Behavior—Pacific coast bottlenose dolphins feed primarily on surf and croakers, and also 
consume squid.  Navy bottlenose dolphins have been trained to reach maximum diving depths of about 
984 ft (298 m). 

The presence of deep-sea fish in the stomachs of some offshore individual bottlenose dolphins suggests 
that they dive to depths of more than 1,638 ft (496 m).  Dive durations up to 15 minutes have been 
recorded for trained individuals.  Typical dives, however, are more shallow and of a much shorter 
duration. 

Offshore bottlenose dolphins in the Bahamas dove to depths below 1,485 ft (450 m) and for over five 
minutes during the night but dives were shallow (<165 ft [50 m]) during the day.  In contrast, the dives of 
offshore bottlenose dolphins off the east coast of Australia were mostly within 16.5 ft (5 m) of the surface 
(approximately 67 percent of dives) with the deepest dives to only 495 ft (150 m).  A comparison of 
hemoglobin concentration and hematocrit, important to oxygen storage for diving, between Atlantic 
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coastal and offshore bottlenose dolphins shows higher levels of both in offshore dolphins (Hersh and 
Duffield, 1990).  The increase in hemoglobin and hematocrit suggest greater oxygen storage capacity in 
the offshore dolphin which may allow it to dive longer in the deep offshore areas that they inhabit. 

Acoustics—Sounds emitted by bottlenose dolphins have been classified into two broad categories: pulsed 
sounds (including clicks and burst-pulses) and narrow-band continuous sounds (whistles), which usually 
are frequency modulated (FM).  Clicks and whistles have a dominant frequency range of 110 to 130 kHz 
and a peak to peak source level of 218 to 228 dB re 1 μPa-m and 3.5 to 14.5 kHz and 125 to 173 dB re 1 
μPa-m, respectively.  Generally, whistles range in frequency from 0.8 to 24 kHz. 

The bottlenose dolphin has a functional high-frequency hearing limit of 160 kHz and can hear sounds at 
frequencies as low as 40 to 125 Hz (Turl, 1993).  Inner ear anatomy of this species has been described.  
Electrophysiological experiments suggest that the bottlenose dolphin brain has a dual analysis system: 
one specialized for ultrasonic clicks and the other for lower-frequency sounds, such as whistles.  
Scientists have reported a range of best sensitivity between 25 and 70 kHz, with peaks in sensitivity 
occurring at 25 and 50 kHz. 

Temporary threshold shift (TTS) in hearing have been experimentally induced in captive bottlenose 
dolphins using a variety of noises (i.e., broad-band, pulses).  For example, TTS has been induced with 
exposure to a 3 kHz, one-second pulse with sound exposure level (SEL) of 195 decibel re 1 micropascal 
squared-second (dB re 1 μPa2-s), one-second pulses from 3 to 20 kHz at 192 to 201 dB re 1 μPa, octave 
band noise (4 to 11 kHz) for 50 minutes at 179 dB re 1 μPa, and sonar signals (0.5 seconds in duration) 
spaced 24 seconds at 5.6 kHz.  Preliminary research indicates that TTS and recovery after noise exposure 
are frequency dependent and that an inverse relationship exists between exposure time and sound pressure 
level associated with exposure.  TTS was induced by repeated exposures to intense sonar pings with 
received sound exposure levels of 214 dB re: 1 μPa2-s, suggesting that for TTS to occur from sonar in the 
environment, the dolphin would need to be within 40 m of the source and exposed for approximately 2-
2.5 minutes.  The authors suggest that this would be an unlikely situation out in the open ocean and 
concluded that a SEL of 195 dB re 1 μPa2-s is a reasonable threshold for the onset of TTS in bottlenose 
dolphins exposed to mid-frequency tones. 

Cuvier’s beaked whale (Ziphius cavirostris) 
Population Status—There are no abundance estimates for the Cuvier’s beaked whale in this area.  The 
Cuvier’s beaked whale is designated as “least concern” on the 2009 IUCN Red List.  There was no 
density estimate for Cuvier’s beaked whales available from the Mariana Islands, therefore, a density 
estimate of 0.0052 animals per km2 (CV = 0.83) that was derived from the offshore Hawaii area was used.  
Little is known of beaked whale reproductive behavior.  Cuvier’s beaked whales usually occur in groups 
of 2 to 7 individuals (The Pacific WildLife Foundation, 2011). 

 

Distribution—Beaked whales may be expected to occur in the area mostly seaward of the shelf break.  
One ziphiid whale was observed during the Navy’s 2007 survey in deep water, but was not identified to 
the species level.  There is a low or unknown occurrence of beaked whales on the shelf between the 165 ft 
(50 m) isobath and the shelf break, which takes into account that deep waters come very close to the shore 
in this area.  In some locales, beaked whales can be found in waters over the shelf, so it is possible that 
beaked whales have similar habitat preferences here.  Occurrence patterns are expected to be the same 
throughout the year.  During marine mammal monitoring for Valiant Shield 07, a single Cuvier’s beaked 
whale was observed about 65 nm (120 km) south of Guam at the edge of the Mariana Trench.  Little is 
known about the habitat preferences of any beaked whale.  Based on current knowledge, beaked whales 
normally inhabit deep ocean waters (>6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 
2,000 m]), and only rarely stray over the continental shelf.  Cuvier’s beaked whale generally is sighted in 
waters >660 ft (200 m) deep, and is frequently recorded at depths >3,300 ft (1,000 m).  They are 
commonly sighted around seamounts, escarpments, and canyons and occur in deeper waters than 
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Blainville’s beaked whales in the Bahamas.  In Hawaii, Cuvier’s beaked whales showed a high degree of 
site fidelity in a study spanning 21 years and showed that there was an offshore population and an island 
associated population.  The site fidelity in the island associated population was hypothesized to take 
advantage of the influence of islands on oceanographic conditions that may increase productivity. 

Reproductive/Breeding—Little is known of beaked whale reproductive behavior.  

Diving Behavior—Cuvier’s beaked whales are generally sighted in waters with a bottom depth greater 
than about 650 ft (197 m) and are frequently recorded at depths of 3,282 ft (995 m) or more.  They are 
commonly sighted around seamounts, escarpments, and canyons.  In the eastern tropical Pacific Ocean, 
the mean bottom depth for Cuvier’s beaked whales is approximately 11,154 ft (3,380 m), with a 
maximum depth of over 16,732 ft (5,070 m).  Recent studies show that Cuvier’s beaked whales dive 
deeply (maximum of 4,757 ft [1,442 m]) and for long periods (maximum dive duration of 68.7 minutes) 
but also spent time at shallow depths.  Deep diving for Cuvier’s beaked whales have been recorded with a 
mean depth of 3,510 ft (1,064 m) and mean duration of 58 minutes. 

Acoustics—It has been suggested that beaked whale species use frequencies of between 300 Hz and 129 
kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  
Cuvier’s beaked whales’ echolocation clicks were recorded at frequencies from 20 to 70 kHz.  Cuvier’s 
beaked whales only echolocated below 660 ft (200 m).  Echolocation clicks are produced in trains 
(interclick intervals near 0.4 seconds) and individual clicks are frequency modulated pulses with durations 
of 200 to 300 microseconds, the center frequency was around 40 kHz with no energy below 20 kHz. 

In the only hearing study of a beaked whale, it was reported reported that the Gervais beaked whale 
(Mesoplodon europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted 
above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 

Dwarf Sperm Whale (Kogia sima) 
Population Status—The dwarf sperm whale is not listed as endangered under the ESA and is not a 
depleted or strategic stock under the MMPA.  The dwarf sperm whale is designated as “data deficient” on 
the 2009 IUCN Red List.  There is no information on the population trend of dwarf sperm whales or their 
abundance in the Marianas area.  There was no density estimate for dwarf sperm whales available from 
the Mariana Islands, therefore, a density estimate of 0.0078 animals per km2 (CV = 0.66) that was derived 
from the Hawaii offshore area was used. 

The difficulty in differentiating between the two Kogia species (dwarf sperm whales and pygmy sperm 
whales) considered in the MIRC EIS is exacerbated by their avoidance reaction towards ships and change 
in behavior towards approaching survey aircraft).  Based on the cryptic behavior of these species and their 
small group sizes of 2 to 5 individuals (much like that of beaked whales), as well as similarity in 
appearance, it is difficult to identify these species in sightings at sea sea (The Pacific WildLife 
Foundation, 2011). 

Distribution—Both species of Kogia generally occur in waters along the continental shelf break and over 
the continental slope.  The primary occurrence for dwarf sperm whales is seaward of the shelf break and 
in deep water with a mean depth of 4,674 ft (779 fathoms, 1,416 m) (Baird 2005).  This takes into account 
their preference for deep waters.  There is a rare occurrence for Kogia inshore of the area of primary 
occurrence.  Occurrence is expected to be the same throughout the year.  Dwarf sperm whales showed a 
high degree of site fidelity, determined from photo identification over several years, in areas west of the 
island of Hawaii.  During marine mammal monitoring for Valiant Shield 07, a group of three 
dwarf/pygmy sperm whales were observed about eight nm (15 km) east of Guam. 

There are only two stranding records for the dwarf sperm whale in the MIRC area and vicinity. 

Reproduction/Breeding—There is no information on the breeding behavior within the MIRC.  No 
breeding or calving areas for the Mariana Islands have been described. 
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Diving Behavior—Dwarf sperm whales feed on cephalopods and, less often, on deep-sea fishes and 
shrimps, making dives of up to 25 minutes.  Median dive times of around 11 minutes have been 
documented for Kogia. 

Acoustics—Although there is no information available on dwarf sperm whale vocalizations or hearing 
capabilities, there is data on the closely-related pygmy sperm whale.  Pygmy sperm whale clicks range 
from 60 to 200 kHz, with a dominant frequency of 120 kHz.  An auditory brainstem response study 
indicates that pygmy sperm whales have their best hearing between 90 and 150 kHz, and it would be 
logical to assume similar acoustic characteristics in dwarf sperm whales due to similar feeding and diving 
behavior. 

Although little is known about the functional hearing range of Kogia, they are assumed to be most 
sensitive to acoustic energy in the high frequency range.  Active sonar outside this area may not result in 
responses as strong as those that occur within their best hearing sensitivity.  

Fraser’s Dolphin (Lagenodelphis hosei) 
Population Status—This species is designated as “least concern” on the 2009 IUCN Red List.  There are 
no abundance estimates available for the Fraser’s dolphin in this area.  There was no density estimate for 
Fraser’s dolphins available from the Mariana Islands, therefore, a density estimate of 0.0069 animals per 
km2 (CV = 1.11) that was derived from the Hawaii offshore area was used. 

Distribution—The Fraser’s dolphin is an oceanic species.  In the Gulf of Mexico, this species has been 
seen in waters over the abyssal plain.  In some locales, as noted earlier, Fraser’s dolphins do approach 
closer to shore, particularly in locations where the shelf is narrow and deep waters are nearby, so there is 
also a low or unknown occurrence from the 330 ft (100 m) isobath to the shelf break.  In the offshore 
eastern tropical Pacific, this species is distributed mainly in upwelling-modified waters.  Occurrence 
patterns are assumed to be the same throughout the year. 

Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been identified (Jefferson and Leatherwood 1994). 

Diving Behavior—Fraser's dolphins feed on mid-water fishes, squids, and shrimps.  There is no 
information available on depths to which Fraser's dolphins dive, but they are thought to be capable of 
deep dives. 

Acoustics—Very little is known of the acoustic abilities of the Fraser’s dolphin.  Fraser's dolphin whistles 
have a frequency range of 7.6 to 13.4 kHz and recent data extended that range to 6.6 to 23.5 kHz with 
durations of 0.06 to 0.93 seconds.  There are no hearing data for this species. 

Ginkgo-toothed Beaked Whale (Mesoplodon ginkgodens) 
Population Status—There was no density estimate for ginkgo-toothed beaked whales available from the 
Mariana Islands, therefore, a density estimate of 0.0005 animals per km2 (CV = 0.45 – 1.00) that was 
derived from the Hawaii offshore area was used.  The ginkgo-toothed beaked whale is designated as “data 
deficient” in the North Pacific on the 2009 IUCN Red List. 

Distribution—Beaked whales normally inhabit deep ocean waters (>6,600 ft [2,000 m]) or continental 
slopes (660 to 6,600 ft [200 to 2,000 m]), and only rarely stray over the continental shelf.  Based on 
stranding records in the eastern Pacific Ocean, this species may select relatively cool, upwelling-modified 
habitats, such as those found in the California and Peru Currents and along the equatorial front.  Beaked 
whales may be expected to occur in the area including, and seaward of, the shelf break.  There is a low or 
unknown occurrence of beaked whales on the shelf between the 165 ft (50 m) isobath and the shelf break, 
which takes into account that deep waters come very close to the shore in this area.  In some locales, 
beaked whales can be found in waters over the shelf, so it is possible that beaked whales have similar 
habitat preferences here.  Occurrence patterns are expected to be the same throughout the year.  Very little 
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is known about the distribution of this species.  What is known of its range suggests any records in the 
Marianas area and vicinity would be rare. 

The ginkgo-toothed whale is known only from strandings (there are no confirmed live sightings) in 
temperate and tropical waters of the Pacific and Indian Oceans.  There are no occurrence records for this 
species in the MIRC Study Area and vicinity, but this area is within the known distribution range for this 
species. 

Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 

Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whales, the 
Baird’s beaked whale, feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish 
such as mackerel, sardine, and saury.  Blainville’s beaked whales off the west coast of Hawaii foraged in 
deep ocean areas (2,270 to 9,855ft [688 to 2,986 m]) with a maximum dive to 4,619 ft (1,400 m).  Dives 
ranged from at least 13 minutes (lost dive recorder during the dive) to a maximum of 68 minutes.  A mean 
depth of 2,740 ft (830 m) and mean duration of 46.5 minutes for Baird’s beaked whales have been 
reported. 

Acoustics—Nothing is known of the acoustic abilities of the gingko-toothed whale but information is 
available for other beaked whale species, suggesting that beaked whales use frequencies of between 300 
Hz and 129 kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social 
communication.  Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 
40 kHz and Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 

In the only hearing study on beaked whales, it was reported that the Gervais beaked whale (Mesoplodon 
europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted above 80 
kHz).  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 

Killer whale (Orcinus orca) 
Population Status—This species is designated as “data deficient” on the 2009 IUCN Red List.  There are 
no abundance estimates available for the killer whale within the MIRC Study Area.  Little is known of 
stock structure of killer whales in the North Pacific, with the exception of the northeastern Pacific where 
resident, transient, and offshore stocks have been described for coastal waters of Alaska, British 
Columbia, and Washington to California.  There was no density estimate for killer whales available from 
the Mariana Islands, therefore, a density estimate of 0.0002 animals per km2 (CV = 0.72) that was derived 
from the offshore Hawaii area was used. 

Distribution—Killer whales in general are uncommon in most tropical areas.  The distinctiveness of this 
species would lead it to be reported more than any other member of the dolphin family, if it occurs in a 
certain locale.  Killer whales have been reported in the tropical waters around Guam, Yap, and Palau “for 
years.”  However; a small number of sighting documentation substantiate this claim.  There are a few 
sightings (most are unconfirmed) of killer whales off Guam, including a sighting 14.6 nm (27 km) west of 
Tinian during January, 1997 reported to the NMFS Platforms of Opportunity Program.  There was also a 
badly decomposed killer whale found stranded on Guam in August 1981. 

Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 

Diving Behavior—The maximum depth recorded for free-ranging killer whales diving off British 
Columbia is about 864 ft (262 m).  On average, however, for seven tagged individuals, less than 1 percent 
of all dives examined were to depths greater than about 99 ft (30 m).  The longest duration of a recorded 
dive from a radio-tagged killer whale was 17 minutes. 
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Acoustics—The killer whale produces a wide variety of clicks and whistles, but most of its sounds are 
pulsed and at 1 to 6 kHz.  Peak to peak source levels of echolocation signals range between 195 and 224 
dB re 1 μPa-m.  The source level of social vocalizations ranges between 137 to 157 dB re 1 μPa-m.  
Acoustic studies of resident killer whales in British Columbia have found that there are dialects, in their 
highly stereotyped, repetitive discrete calls, which are group-specific and shared by all group members.  
These dialects likely are used to maintain group identity and cohesion, and may serve as indicators of 
relatedness that help in the avoidance of inbreeding between closely related whales.  Dialects also have 
been documented in killer whales occurring in northern Norway, and likely occur in other locales as well.  
The killer whale has the lowest frequency of maximum sensitivity and one of the lowest high frequency 
hearing limits known among toothed whales.  The upper limit of hearing is 100 kHz for this species.  The 
most sensitive frequency, in both behavioral and in auditory brainstem response audiograms, has been 
determined to be 20 kHz. 

Longman’s Beaked Whale (Indopacetus pacificus) 
Population Status—Longman’s beaked whale is considered to be a relatively rare beaked whale species.  
This species is listed as “data deficient” on the 2009 IUCN Red List.  There was no density estimate for 
Longman’s beaked whales available from the Mariana Islands, therefore, a density estimate of 0.0003 
animals per km2 (CV = 1.05) that was derived from the Hawaii offshore area was used. 

Distribution—Longman’s beaked whale appears to have a preference for warm tropical water, with most 
sightings occurring in waters with a SST warmer than 79ºF (26ºC).  Beaked whales normally inhabit deep 
ocean waters (>6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 2,000 m]), and only 
rarely stray over the continental shelf.  Longman’s beaked whale is known from tropical waters of the 
Pacific and Indian Oceans.  All Longman’s beaked whale sightings were reported south of 25ºN.  Beaked 
whales may be expected to occur in the area including around seaward of the shelf break.  Longman’s 
beaked whale is not as rare as previously thought but is not as common as the Cuvier’s and Mesoplodon 
beaked whales. 

In general, there is a low or unknown occurrence of beaked whales on the shelf between the 165 ft (50 m) 
isobath and the shelf break, which takes into account that deep waters come very close to the shore in this 
area.  In some locales, beaked whales can be found in waters over the shelf, so it is possible that beaked 
whales have similar habitat preferences in these areas. 

Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 

Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whale, the Baird’s 
beaked whale, feed mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as 
mackerel, sardine, and saury.  Prolonged dives by the Baird’s beaked whales for periods of up to 67 
minutes have been reported, though dives of about 84 to 114 ft (25 to 36 m) are typical, and dives of 45 
minutes are not unusual.  A mean depth of 2,740 ft (830 m) and mean duration of 46.5 minutes has been 
recorded for Baird’s beaked whales. 

Acoustics—Little is known of the acoustics of Longman’s beaked whale but information is available for 
other beaked whale species.  Beaked whales use frequencies of between 300 Hz and 129 kHz for 
echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  
Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz and 
Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 
 
Melon-headed Whale (Peponocephala electra) 
Population Status—There were an estimated 2,455 (CV = 0.70; 95% CI = 695-8,677) melon-headed 
whales in the MISTCS study area and density was estimated as 0.00428 animals per km2 (CV = 0.70 
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USN, 2007a).  Melon-headed whale group size ranged from 80 to109 individuals.  This species is 
designated as “Least Concern” on the 2009 IUCN Red List. 

Distribution—The melon-headed whale is an oceanic species.  Occurrence patterns are assumed to be the 
same throughout the year.  There were two sightings of melon-headed whales during the Navy’s 2007 
survey, with group sizes of 80 to 109 individuals.  Additionally, there was a live stranding on the beach at 
Inarajan Bay, Guam in April 1980, and have been some sightings at Rota and Guam.  Melon-headed 
whales are expected to occur from the shelf break (660 ft [200 m] isobath) to seaward of the Marianas 
area and vicinity.  There is also a low or unknown occurrence from the coastline to the shelf break which 
would take into account any sightings that could occur closer to shore since deep water is very close to 
shore at these islands.  For example, during 4 July 2004, there was a sighting of an estimated 500 to 700 
melon-headed whales and an undetermined smaller number of rough-toothed dolphins at Sasanhayan Bay 
(Rota) in waters with a bottom depth of 251 ft (76 m).  Occurrence patterns are assumed to be the same 
throughout the year. 

Melon-headed whales were sighted in waters with a bottom depth, ranging from 10,577 to 12,910 ft 
(3,205 to 3,912 m).  One of the two sightings was in the vicinity of the West Mariana Ridge.  Melon-
headed whales have also been observed in waters offshore of Palau. 

Reproduction/Breeding—Breeding behavior is unknown and it is unclear whether there is significant 
seasonality in calving. 

Diving Behavior—Melon-headed whales prey on squid, pelagic fishes, and occasionally crustaceans.  
Most of the fish and squid families eaten by this species consist of mesopelagic forms found in waters up 
to 4,950 ft (1,500 m) deep, suggesting that feeding takes place deep in the water column.  There is no 
information on specific diving depths for melon-headed whales. 

Acoustics—The only published acoustic information for melon-headed whales is from the southeastern 
Caribbean.  Sounds recorded included whistles and click sequences.  Whistles had dominant frequencies 
around 8 to 12 kHz; source levels for higher-level whistles were estimated at no more than 155 dB re 1 
μPa-m.  Clicks had dominant frequencies of 20 to 40 kHz; higher-level click bursts were judged to be 
about 165 dB re 1 μPa-m.  No data on hearing ability for this species are available. 

Pantropical spotted dolphin (Stenella attenuata) 
Population Status—There were an estimated 12,981 (CV = 0.70; 95% CI = 3,446-48,890) pantropical 
spotted dolphins in the MISTCS study area and density was estimated as 0.0226 animals per km2 (CV = 
0.70).  Pantropical spotted dolphin group size ranged from 1 to 115 individuals.  There were multiple 
sightings that included young calves, and one mixed species aggregation with melon-headed whales and 
another with an unidentified Balaenoptera spp.  These pantropical spotted dolphins were identified as the 
offshore morphotype. 

Pantropical spotted dolphins may have several stocks in the western Pacific, although this is not 
confirmed at present.  There were an estimated 127,800 spotted dolphins in the waters surrounding the 
Mariana Islands.  This species is designated as “least concern” on the 2009 IUCN Red List.  Three 
subspecies are recognized in the Pacific Ocean, two of which have not been formerly named.  S. a. 
subspecies A occurs in the offshore waters of the eastern tropical Pacific, S. a. subspecies B inhabits 
nearshore waters around the Hawaiian Islands, and S. a. graffmani occurs in coastal waters between Baja 
California and the northwestern coast of South America. 

Distribution—The pantropical spotted dolphin can be found throughout tropical and some subtropical 
oceans of the world.  Pantropical spotted dolphins are associated with warm tropical surface water.  
Pantropical spotted dolphins usually occur in deeper waters, and rarely over the continental shelf or 
continental shelf edge.  They are extremely gregarious, forming groups of hundreds or even thousands of 
individuals.  Range in the central Pacific is from the Hawaiian Islands in the north to at least the 
Marquesas in the south.  The pantropical spotted dolphin is primarily an oceanic species (Jefferson et al., 
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1993).  Based on the known habitat preferences of the pantropical spotted dolphin, this species is 
expected to occur seaward of the shelf break (660 ft [200 m] isobath).  Low or unknown occurrence of the 
pantropical spotted dolphin from the coastline (except in harbors and lagoons) to the shelf break is based 
on sightings of pantropical spotted dolphins being reported in coastal waters of Guam. 

Pantropical spotted dolphins were sighted throughout the MIRC Study Area in waters with a variable 
bottom depth, ranging from 374 to 18,609 ft (113 to 5,639 m) in bottom depth.  The vast majority of the 
sightings (65 percent; 11 of 17 sightings) were in deep waters (>10,000 ft [3,030 m]); these findings 
match the known preference of this species for oceanic waters.  There was only one shallow-water 
sighting 1.4 nm (2.5 km) north of Tinian during the humpback whale focal study, in waters with a bottom 
depth of 374 ft (113 m).  During marine mammal monitoring for Valiant Shield 07, a group of 30 
pantropical spotted dolphins was observed about 140 nm (255 km) south east of Guam.  

Reproduction/Breeding—In the Eastern Tropical Pacific there are two calving peaks, one in spring and 
one in fall. 

Diving Behavior—Results from various tracking and food habit studies suggest that pantropical spotted 
dolphins in the eastern tropical Pacific and off Hawaii feed primarily at night on epipelagic species and on 
mesopelagic species which rise towards the water’s surface after dark.  Dives during the day generally are 
shorter and shallower than dives at night; rates of descent and ascent are higher at night than during the 
day.  Similar mean dive durations and depths have been obtained for tagged pantropical spotted dolphins 
in the eastern tropical Pacific and off Hawaii. 

Acoustics—Pantropical spotted dolphin whistles have a dominant frequency range of 6.7 to 17.8 kHz.  
Click source levels between 197 and 220 dB re 1 μPa-m (peak to peak levels), within the range of 40 to 
140 kHz, have been recorded for pantropical spotted dolphins.  Data from Atlantic spotted dolphins are 
provided to fill in the gaps of acoustic information for pantropical spotted dolphins.  Echolocation clicks 
measured in wild Atlantic spotted dolphins showed bimodal ranges of 40 and 50 kHz and a high-
frequency peak between 110 and 130 kHz, with a source level of 210 dB re 1 μPa. 

There are no published hearing data for pantropical spotted dolphins.  Anatomy of the ear of the 
pantropical spotted dolphin has been studied; they have a Type II cochlea, like other delphinids. 

Pygmy killer whale (Feresa attenuata) 
Population Status—There was only one sighting of the pygmy killer whale with a group size of six 
animals.  Based on this one sighting, the best estimate of abundance was 78 individuals (CV = 0.88; 95% 
CI = 17-353) and density was estimated as 0.00014 animals per km2 (CV = 0.88).  This species is 
designated as “data deficient” on the 2009 IUCN Red List. 

Distribution—The pygmy killer whale is an oceanic species.  This species has a worldwide distribution in 
deep tropical and subtropical oceans.  Pygmy killer whales generally do not range north of 40°N or south 
of 35°S).  Reported sightings suggest that this species primarily occurs in equatorial waters, at least in the 
eastern tropical Pacific.  Most of the records outside the tropics are associated with strong, warm western 
boundary currents that effectively extend tropical conditions into higher latitudes. 

The sighting was made near the Mariana Trench, south of Guam, where the bottom depth was 14,564 ft 
(4,413 m).  This is consistent with the known habitat preferences of the species for deep, oceanic waters.  
Pygmy killer whales have also been observed in the waters offshore of Palau. 

Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 

Diving Behavior—There is no information on the diving behavior of pygmy killer whales. 

Acoustics—The pygmy killer whale produces clicks in the range of 45 to 117 kHz, with the main energy 
in the range of 70 to 85 kHz.  Peak to peak source levels were 197 to 223 dB re 1 μPa m.  There is no 
information on the hearing of pygmy killer whales. 
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Pygmy sperm whale (Kogia breviceps) 
Population Status—Pygmy sperm whales are designated as “data deficient” on the 2009 IUCN Red List.  
There are no abundance estimates available for the Kogiidae family within the MIRC.  There was no 
density estimate for pygmy sperm whales available from the Mariana Islands, therefore, a density 
estimate of 0.0078 animals per km2 (CV = 0.77) that was derived from the Hawaii offshore area was used 
(Barlow 2006). 

Distribution—Pygmy sperm whales have a worldwide distribution in tropical and temperate waters, and 
generally occur in waters along the continental shelf break and over the continental slope.  This takes into 
account their preference for deep waters.  There is only one stranding record available for Kogia in the 
MIRC Study Area and vicinity.  Identification to species for this genus is difficult, particularly at sea.  
There is a rare occurrence for Kogia inshore of the area of primary occurrence.  Occurrence is expected to 
be the same throughout the year.  During marine mammal monitoring for Valiant Shield 07, a group of 
three dwarf/pygmy sperm whales were observed about 8 nm (15 km) east of Guam. 

Reproduction/Breeding—In the Eastern Tropical Pacific there are two calving peaks, one in spring and 
one in fall. 

Diving Behavior—Pygmy sperm whales feed on cephalopods and, less often, on deep-sea fishes and 
shrimps.  Kogia make dives of up to 25 minutes with median dive times of around 11 minutes.  A 
satellite-tagged pygmy sperm whale released off Florida was found to make long nighttime dives, 
presumably indicating foraging on squid in the deep scattering layer.  Most sightings of Kogia are brief; 
these whales are often difficult to approach and they actively avoid aircraft and vessels. 

Acoustics—Pygmy sperm whale clicks range from 60 to 200 kHz, with a dominant frequency of 120 kHz.  
An auditory brainstem response study indicates that pygmy sperm whales have their best hearing between 
90 and 150 kHz. 

Risso’s dolphin (Grampus griseus) 
Population Status—This species is designated as “least concern” on the 2009 IUCN Red List.  Essentially 
nothing is known of stock structure of Risso’s dolphins in the western Pacific.  Assuming that several 
stocks may occur there, Japanese survey data was used to estimate that about 7,000 Risso’s dolphins 
occur in the area to the north of the Mariana Islands.  There was no density estimate for Risso’s dolphins 
available from the Mariana Islands; therefore, a density estimate of 0.0010 animals per km2 (CV = 0.65) 
that was derived from the Hawaii offshore area was used for acoustic effects modeling. 

Distribution—Risso’s dolphins are expected to occur in the Marianas area from the shelf break to 
seaward of the Marianas area and vicinity.  While there is a predominance of Risso’s dolphin sightings 
worldwide in areas with steep bottom topography, this species also is found in deeper waters.  The largest 
numbers for this species will likely be in the vicinity of the shelf break and upper continental slope.  
There is an area of low or unknown occurrence from the 165 ft (50 m) isobath to the shelf break.  This 
takes into consideration also the possibility that this species, with a preference for waters with steep 
bottom topography, might swim into areas where deep water is close to shore.  Risso’s dolphins have 
been observed in shallow waters in the northeastern Pacific, including near oceanic islands.  These sites 
are in areas where the continental shelf is narrow and deep water is closer to the shore.  Occurrence 
patterns are assumed to be the same throughout the year.  

A comprehensive study of the distribution of Risso’s dolphin in the Gulf of Mexico found that they used  
the steeper sections of the upper continental slope in waters 1,150–3,200 ft (350–975 m) deep.  Risso’s 
dolphins occur individually or in small to moderate-sized groups, normally ranging in numbers from 2 to 
nearly 250. 

Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 
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Diving Behavior—Risso’s dolphins may remain submerged on dives for up to 30 minutes.  Cephalopods 
are the primary prey. 

Acoustics—Risso’s dolphin vocalizations include broadband clicks, barks, buzzes, grunts, chirps, 
whistles, and simultaneous whistle and burst-pulse sounds.  The combined whistle and burst pulse sound 
appears to be unique to Risso’s dolphin.  Five different whistle types have been recorded, ranging in 
frequency from 4 to 22 kHz.  Broadband clicks had a frequency range of six to greater than 22 kHz.  
Low-frequency narrowband grunt vocalizations had a frequency range of 0.4 to 0.8 kHz.  A recent study 
established empirically that Risso’s dolphins echolocate; estimated source levels were up to 216 to 225 
dB re 1 μPam (peak to peak levels) with two prominent peaks in the range of 30 to 50 kHz and 80 to 100 
kHz. 

The range of hearing in two Risso’s dolphins (one infant and one adult was 1.6 to 150 kHz with 
maximum sensitivity occurring between 8 and 64 kHz. 

Rough-toothed dolphin (Steno bredanensis) 
Population Status—There were only two sightings of the rough-toothed dolphin made during the 
MISTCS cruise.  There were an estimated 166 (CV = 0.89; 95% CI = 36-761) rough toothed dolphins in 
the MISTCS study area and density was estimated as 0.0029 animals per km2 (CV = 0.89).  Rough-
toothed dolphin group size was nine individuals.  A mixed-species aggregation involved common 
bottlenose dolphins with short finned pilot whales and rough-toothed dolphins.  There was one sighting of 
rough-toothed dolphin that included calves. 

The rough-toothed dolphin is designated as “least concern” on the 2009 IUCN Red List.  There are no 
abundance estimates for this species in this area.  Rough-toothed-dolphins are common in tropical areas, 
but not nearly as abundant as some other dolphin species.  Nothing is known about stock structure for the 
rough-toothed dolphin in the North Pacific. 

Distribution—Rough-toothed dolphins are typically found in tropical and warm temperate waters, rarely 
ranging north of 40°N or south of 35°S.  Occurrence patterns are expected to be the same throughout the 
year.  Rough-toothed dolphins occur in low densities throughout the ETP where surface water 
temperatures are generally above 77°F (25°C).  Sighting and stranding records in the eastern North 
Pacific Ocean are rare. 

There were two sightings of rough-toothed dolphins during the MISTCs survey, both in groups of nine 
individuals with calves present in one sighting.  As an oceanic species, the rough-tooth dolphin is 
expected to occur from the shelf break to seaward in this area.  There is also a low or unknown 
occurrence of rough-toothed dolphins from the coastline (including harbors and lagoons) to the shelf 
break, which takes into consideration the possibility of encountering this species in more shallow waters, 
based on distribution patterns for this species in other tropical locales.  In July 2004, there was a sighting 
of an undetermined smaller number of rough-toothed dolphins mixed in with a school of an estimated 500 
to 700 melon-headed whales at Sasanhayan Bay (Rota) in waters with a bottom depth of 249 ft.  

During marine mammal monitoring for Valiant Shield 07, a group of eight rough-toothed dolphins was 
observed about 102 nm (188 km) east of Guam.  Rough-toothed dolphins usually form groups of 10–20, 
but aggregations of hundreds can be found.  In the ETP, they have been found in mixed groups with 
spotted, spinner, and bottlenose dolphins suggesting that they are deep divers, and can dive for up to 15 
minutes.  They usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed 
dolphins were sighted in deep waters, ranging from 3,343 to 14,731 ft (1,013 to 4,464 m) in bottom depth.  
One sighting was off the island of Guguan, while the other was at the southern edge of the MIRC Study 
Area. 

Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 
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Diving Behavior—Rough-toothed dolphins are deep divers and can stay under for up to 15 minutes.  They 
usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed dolphins may stay 
submerged for up to 15 minutes and are known to dive as deep as 230 ft (70 m), but can probably dive 
much deeper. 

Acoustics—The vocal repertoire of the rough-toothed dolphin includes broad-band clicks, barks, and 
whistles.  Echolocation clicks of rough-toothed dolphins are in the frequency range of 0.1 to 200 kHz, 
with a peak of about 25 kHz.  Whistles show a wide frequency range: 0.3 to >24 kHz.  There is little 
published information on hearing ability of this species.  Preliminary data from (2005 showed that rough-
tooth dolphins hear from 5to 80 kHz (80 kHz was the upper limit tested) and probably higher frequencies. 

Short-beaked common dolphin (Delphinus delphis) 
Population Status—There are no abundance estimates for the short-beaked common dolphin within the 
MIRC.  This species is designated as “least concern” on the 2009 IUCN Red List.  There was no density 
estimate for short-beaked common dolphins available from the Mariana Islands, therefore, a density 
estimate of 0.0021 animals per km2 (CV = 0.28) that was derived from the ETP area was used for acoustic 
effects modeling. 

Distribution—Delphinus is a widely distributed genus of cetacean.  It is found worldwide in temperate, 
tropical, and subtropical seas.  The range of the short-beaked common dolphin may extend entirely across 
the tropical and temperate North Pacific.  There is a low or unknown occurrence of the short-beaked 
common dolphin from the shelf break to seaward of the Marianas area and vicinity.  Short-beaked 
common dolphins are thought to be more common in cool temperate waters of the North Pacific, although 
there are populations in cooler, upwelling modified waters of the eastern tropical Pacific.  The absence of 
known areas of major upwelling in the western tropical Pacific suggests that common dolphins will not be 
found there, although there have been some reports of sightings of this species.  However, the species 
identification of these records is not confirmed, and therefore is in doubt.  Occurrence patterns are 
assumed to be the same throughout the year. 

Reproduction/Breeding—The peak calving season occurs from spring and early summer. 

Diving Behavior—There are limited direct measurements for the short-beaked common dolphin dives, but 
dives to >660 ft (200 m) are possible, while most are in the range of 30 to 165 ft (9 to 50 m) based on a 
study of one tagged individual tracked off San Diego.  Stomach contents of Delphinus from California 
waters revealed 19 species of fish and two species of cephalopods; Delphinus feeds primarily on 
organisms in the vertically migrating deep scattering layer.  Fluctuations in vocal activity of this species 
(more vocal activity during late evening and early morning) appear to be linked to feeding on the deep 
scattering layer as it rises during the same time. 

Acoustics—Recorded Delphinus vocalizations (which are similar among species within this genus) 
include whistles, chirps, barks, and clicks.  Clicks and whistles have dominant frequency ranges of 23 to 
67 kHz and 0.5 to 18 kHz, respectively, with maximum source levels at approximately 180 dB 1 μPa-m.  
Short-beaked common dolphins in the ETP have whistles with a mean frequency range of 6.3 kHz, mean 
maximum frequency of 13.6 kHz, and mean duration of 0.8 seconds. 

Auditory brainstem responses from a common dolphin have been recorded.  The audiogram was U-
shaped with a steeper high-frequency branch.  The audiogram bandwidth was up to 128 kHz at a level of 
100 dB above the minimum threshold.  The minimum thresholds were observed at frequencies of 60 to 70 
kHz. 

Short-finned pilot whale (Globicephala macrorhynchus) 
Population Status—There were an estimated 909 (CV = 0.68; 95% CI = 230-3,590) short-finned pilot 
whales in the MISTCS study area and density was estimated as 0.00159 animals per km2 (CV = 0.68). 
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This species is designated as “data deficient” on the 2009 IUCN Red List.  There are no abundance 
estimates for the short-finned pilot whale in this area.  Stock structure of short-finned pilot whales has not 
been adequately studied in the North Pacific, except in Japanese waters, where two stocks have been 
identified based on pigmentation patterns and head shape differences of adult males.  The southern stock 
of short-finned pilot whales, which is probably the one associated with the Mariana Islands area, has been 
estimated to number about 18,700 whales in the area south of 30°N latitude. 

Distribution—Sightings in the vicinity of the Northern Mariana Islands were reported during February 
through March 1994, but did not provide the actual sighting coordinates.  A group of more than 30 
individuals was sighted in late April 1977 near Urunao Point, off the northwest coast of Guam.  A 
stranding occurred on Guam in July 1980.  

Expected occurrence of the short-finned pilot whale in the MIRC and vicinity is seaward of the 330 ft 
(100 m) isobath.  The known preference of this species globally for steep bottom topography, which is 
most probably related to distribution of squid, was considered.  With a narrow shelf and deep waters in 
close proximity to the shore, there is also a low or unknown occurrence of pilot whales in waters over the 
shelf from the coastline to the 330 ft (100 m) isobath, not including any lagoons.  Occurrence patterns are 
assumed to be the same throughout the year. 

Short-finned pilot whale group size ranged from 5 to 43 individuals.  A mixed-species aggregation 
involved bottlenose dolphins with short-finned pilot whales and rough-toothed dolphins.  No calves were 
seen.  Short-finned pilot whales were sighted in waters with a bottom depth, ranging from 3,041 to 14,731 
ft (922 to 4,464 m) in bottom depth.  Three sightings were over the West Mariana Ridge (an area of 
seamounts), another sighting was 7 nm (13 km) off the northeast corner of Guam, just inshore of the 
9,900 ft (3,000 m) isobath.  There was also an off-effort sighting of a group of 6 to 10 pilot whales near 
the mouth of Apra Harbor. 

Reproduction/Breeding—Calving and breeding peaks occurs in the spring and summer or spring and 
autumn depending on the population. 

Diving Behavior—Long-finned pilot whales are deep divers; the maximum dive depth measured is 
approximately 2,125 ft (648 m).  Pilot whales feed primarily on squid, but also take octopus, cuttlefish, 
herring, and other small fish when squid are not available.  Pilot whales are not generally known to prey 
on other marine mammals; however, records from the eastern tropical Pacific suggest that the short-
finned pilot whale does occasionally chase, attack, and may eat dolphins during fishery operations, and 
they have been observed harassing sperm whales in the Gulf of Mexico. 

Acoustics—Short-finned pilot whale whistles and clicks have a dominant frequency range of 2 to 14 kHz 
and a source level of 180 dB re 1 μPa-m for whistles.  There are no published hearing data available for 
this species. 

Spinner dolphin (Stenella longirostris) 
Population Status—During the MISTCS there was only one sighting of spinner dolphins with a group 
size of 98 animals.  There were an estimated 1,803 (CV = 0.96; 95% CI = 361-9,004) spinner dolphins in 
the MISTCS study area and density was estimated as 0.00314 animals per km2 (CV = 0.96).  There is 
some anecdotal information from commercial boat operators of spinner dolphins regularly using Agat 
Bay but there is no systematic survey information to estimate abundance or density.  This species is 
designated as “data deficient” on the 2009 IUCN Red List). 

Distribution—The spinner dolphin is found in tropical and subtropical waters worldwide.  Limits are near 
40°N and 40°S.  The spinner dolphin is expected to occur throughout the entire Marianas area and 
vicinity, except within Apra Harbor, where there is a low or unknown occurrence for this species.  
Spinner dolphins are behaviorally sensitive and avoid areas with much anthropogenic usage, which is 
why this species is not expected to occur in Apra Harbor.  Spinner dolphins occur regularly in Agat Bay, 
off Haputo Beach, and in Agat Bay, off Haputo Beach, and in Cocos Lagoons on Guam, where these 
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animals congregate during the day to rest.  In the Mariana Islands, dolphins are reported in Saipan Lagoon 
at Saipan nearly every year, and they were observed off Saipan during the MISTCs survey in 1,406 ft 
(426 m) of water.  Typically, sightings are from the northern part of the lagoon, referred to as Tanapag 
Lagoon.  Spinner dolphins travel among the Mariana island chain.  Spinner dolphins are seen at Farallon 
de Medinilla, Guam, at Rota, and at Palau. 

Spinner dolphins at islands and atolls rest during daytime hours in shallow, wind-sheltered nearshore 
waters and forage over deep waters at night.  Spinner dolphins are expected to occur in shallow water 
(about 162 ft [49 m] or less) resting areas throughout the middle of the day, moving into deep waters 
offshore during the night to feed.  Preferred resting habitat is usually more sheltered from prevailing 
tradewinds than adjacent areas and the bottom substrate is generally dominated by large stretches of white 
sand bottom rather than the prevailing reef and rock bottom along most other parts of the.  These clear, 
calm waters and light bottom substrates provide a less cryptic backdrop for predators like tiger sharks.  
High-use areas at Guam include Bile Bay, Tumon Bay, Double Reef, north Agat Bay, and off Merizo 
(Cocos Lagoon area).  During the MISTCS cruise spinner dolphins were sighted northeast of Saipan in 
waters with a bottom depth of 1,398 ft (424 m).  Beaches currently authorized for amphibious landings 
include Tipalao and Dadi beaches on Guam.  Both beaches are adjacent to known spinner dolphin resting 
habitat. 

Reproductive/Breeding—There is no information on the breeding behavior in this area. 

Diving Behavior—Spinner dolphins feed primarily on small mesopelagic fishes, squids, and sergestid 
shrimp and they dive to at least 656 to 984 ft (109 to 164 fathoms, 200 to 300 m).  Foraging can begin in 
the late afternoon, but takes place primarily at night when the mesopelagic prey migrates vertically 
towards the surface and also horizontally towards the shore. 

Acoustics—Spinner dolphins produce whistles in the range of 1 to 22.5 kHz with the dominant frequency 
being 6.8 to 17.9 kHz, although their full range of hearing may extend down to 1 kHz or below as 
reported for other small odontocetes.  Spinner dolphins consistently produce whistles with frequencies as 
high as 16.9 to 17.9 kHz, with a maximum frequency for the fundamental component at 24.9 kHz.  Clicks 
have a dominant frequency of 60 kHz.  The burst pulses are predominantly ultrasonic, often with little or 
no energy below 20 kHz.  Peak to peak source levels between 195 and 222 dB re 1 μPa-m have been 
recorded for spinner dolphin clicks.  Their echolocation clicks range up to at least 65 kHz.  

Striped dolphin (Stenella coeruleoalba) 
Population Status—There were an estimated 3,531 (CV = 0.54; 95% CI = 1,250-9,977) striped dolphins 
in the MISTCS study area and density was estimated as 0.00616 animals per km2 (CV = 0.54).  Striped 
dolphin group size ranged from 7 to 44 individuals and several sightings contained calves.  This species is 
designated as “least concern” on the 2009 IUCN Red List.  The stock structure of striped dolphins in the 
western Pacific is poorly known, although there is evidence for more than one stock.  A putative 
population south of 30°N in the western Pacific was estimated to number about 52,600 dolphins, and this 
is probably the group from which any striped dolphins around the Marianas would come from. 

Distribution—Striped dolphins have a cosmopolitan distribution in tropical to warm temperate waters.  
Their preferred habitat seems to be deep water along the edge and seaward of the continental shelf, 
particularly in areas influenced by warm currents.  This species is well documented in both the western 
and eastern Pacific off the coasts of Japan and North America; the northern limits are the Sea of Japan, 
Hokkaido, Washington state, and along roughly 40°N across the western and central Pacific. 

Prior to the MISTCs survey, striped dolphins were only known from one stranding that occurred in July 
1985.  However, several striped dolphin sightings were made in waters ranging from 8,686 to 24,981 ft 
(2,362 to 7,570 m) of water.  Group size ranged from 7 to 44 individuals.  None were observed south of 
Guam. 
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Striped dolphins are gregarious (groups of 20 or more are common) and active at the surface.  A mean 
group size of 61 was noted in the ETP, and a mean group size of 50 in the Galapagos.  Striped dolphins 
were sighted throughout the MIRC Study Area in waters with a variable bottom depth, ranging from 
7,749 to 24,835 ft (2,348 to 7,526 m) in bottom depth.  There was at least one sighting over the Mariana 
Trench, southeast of Saipan.  There were no sightings south of Guam (approximately 13°N).  

Reproduction/Breeding—Off Japan, where their biology has been best studied, there are two calving 
peaks: one in summer, another in winter. 

Diving Behavior—Striped dolphins often feed in pelagic or benthopelagic zones along the continental 
slope or just beyond oceanic waters.  A majority of the prey possess luminescent organs, suggesting that 
striped dolphins may be feeding at great depths, possibly diving to about 656 to 2,297 ft (200 to 700 m) to 
reach potential prey.  Striped dolphins may feed at night, in order to take advantage of the deep scattering 
layer’s diurnal vertical movements.  Small, mid-water fishes (in particular, myctophids or lanternfish) and 
squids are the dominant prey. 

Acoustics—Striped dolphin whistles range from 6 to at least 24 kHz, with dominant frequencies ranging 
from 8 to 12.5 kHz.  The striped dolphin’s range of most sensitive hearing (defined as the frequency range 
with sensitivities within 10 dB of maximum sensitivity) was determined to be 29 to 123 kHz using 
standard psychoacoustic techniques; maximum sensitivity occurred at 64 kHz.
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Date: Thursday, March 14, 2013 1:18:28 PM
Attachments: COORDINATING DRAFT MMIII ERFT SEA 12 Mar 2013.pdf

Classification: UNCLASSIFIED
Caveats: NONE

Don,

I spoke with Kevin Foster yesterday concerning review of this Coordinating
Draft Supplemental EA.  He suggested that I send it to you to determine who
at FWS will review, if the service chooses to review it.

This program does not involve USAKA and as such is not a UES action. Also,
it is a different action than that covered in the Supplemental EA for
Minuteman III Modification that is also currently in production.

This extended range testing was analyzed previously in the Final
Environmental Assessment (EA)-Minuteman III ICBM Extended Range Flight
Testing (2006).  This is a supplemental EA for that effort.

Thank You, let me know if you have any questions.

Mark Hubbs
US Army Space & Missile Defense Command
Env. Protection Specialist/Archaeologist
256-955-2608 Office
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FINDING OF NO SIGNIFICANT IMPACT (FONSI) 
MINUTEMAN III EXTENDED RANGE FLIGHT TESTING 


SUPPLEMENTAL ENVIRONMENTAL ASSESSMENT (SEA) 
 


Agency: United States Air Force (USAF) 
 
Background: Pursuant to the provisions of the National Environmental Policy Act (NEPA) of 1969, 
Executive Order (EO) 12114, Council on Environmental Quality (CEQ) Regulations [40 Code of Federal 
Regulations (CFR) Parts 1500-1508], 32 CFR Part 989, the USAF has conducted an assessment of the 
potential environmental consequences of activities associated with continuing to conduct proposed 
extended range flight testing for the Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) 
system. The assessment focused on those activities that have the potential to change the human and 
natural environments. 
 
The primary function of the MMIII missile system is strategic deterrence. The concept of strategic 
deterrence means that a defending nation maintains a significant capability to strike a challenging nation 
such that a challenging nation will choose not to attack.  In light of recent nuclear proliferation and the 
acquisition of offensive nuclear capabilities by foreign nations with potential hostile intent, the USAF 
needs more realistic testing at operationally representative distances using prolonged atmospheric Reentry 
Vehicles (RVs) flight times, reentry conditions, and test flight data collection not attainable by using 
impact areas at Kwajalein Atoll or the US Territory of Guam. The Proposed Action would increase total 
mission ranges to approximately 6, 000 nm (11,112 km), which would improve and demonstrate the 
capability and readiness of US Armed Forces to respond to any serious nuclear threats from such foreign 
nations. The inability to conduct these tests would reduce the overall mission readiness of the MMIII 
ICBM system and jeopardize national security. This testing also is critical to Air Force decision making 
on Life Extension Programs for the current Mark (Mk) 12A and Mk 21 RVs. 
 
Because neither routine storage nor management of the MMIII missiles or missile components before 
launch has changed, those aspects are not included in the Proposed Action. Launches would be conducted 
from existing silo facilities at Vandenberg AFB on the coast of California. The launch aspects of MMIII 
test flights from Vandenberg AFB have been fully assessed in the EA for Minuteman III Modification 
(USAF, December 2004) (hereinafter, MMIII EA), and the SEA for Minuteman III Modification (in 
progress) (hereinafter, MMIII SEA), which are hereby incorporated by reference into this SEA. The 
FONSI for the MMIII EA was signed on 24 February 2005; the FONSI for the MMIII SEA was signed on 
(in progress). Pertinent information from those two documents will be summarized in this SEA for the 
purpose of compliance with NEPA. 
 
The SEA considers all potential impacts of the Proposed Action and the No Action Alternative. This 
FONSI summarizes the results of the evaluations of the proposed activities associated with the proposed 
MMIII Extended Range Flight Testing (ERFT) modification. 
 
Proposed Action and No Action Alternative: The SEA assesses the environmental impacts of the 
proposed continuation of activities associated with the proposed MMIII ERFT. The MMIII ERFT missile 
flight tests will originate from Vandenberg AFB, California. At Vandenberg AFB, the missile launches 
will occur from existing silos that are regularly used for these types of tests.  On each test missile, the 
operational RVs are replaced with one RV. At the terminal end of each missile flight, the test RVs will 
impact within broad ocean areas (BOAs) of the North Pacific Ocean, within the Exclusive Economic 
Zone (EEZ) of the Republic of Palau or international waters. None of the RVs would contain high 
explosives; the RVs will remain intact as they impact water at high velocities.  Other missile components 
will impact within the EEZs of Guam and the Federated States of Micronesia. Logistical and technical 
support will be provided by a US Navy Mobile Instrumentation System (NMIS) observation ship out of 
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Guam. Two MMIII ERFT flight tests are scheduled to occur in 2014 as half of the four annual MMIII 
flight tests. 
Under the No Action Alternative, the USAF would continue four MMIII flight tests per year with 
terminal impacts at US Army Kwajalein Atoll (USAKA)/Ronald Reagan Ballistic Missile Defense Test 
Site (RTS). 
 
No other alternatives to the Proposed Action were considered. There are no other alternative launch sites 
within the US and its territories.  Because of reliance on the limited availability of US Navy 
instrumentation assets on the NMIS ship, the proposed extended range flight test impact locations are the 
only feasible alternative capable of hosting and accomplishing the specific data gathering objectives 
required for the missions at this time. 
 
Environmental Effects: Potential environmental effects associated with the Proposed Action and No 
Action Alternatives were assessed for the following environmental resources: global atmosphere, air 
quality, noise, biological resources, health and safety, and hazardous materials and waste management.  
Other resource areas—including cultural resources, hydrology and groundwater, utilities, solid waste 
management, land use, socioeconomics, environmental justice, soil resources, and visual and aesthetic 
resources—were not analyzed further because no significant impacts to these resources are anticipated as 
a result of implementing the Proposed Action. Potential effects on the environment from implementation 
of the Proposed Action are described in the following paragraphs. 
 
• Global Atmosphere/Air Quality.  For missile flight tests at Vandenberg AFB, rocket motor exhaust 
emissions will be released into the lower atmosphere.  Because the launches are infrequent, short-term 
events, emission products will be rapidly diluted and dispersed by prevailing winds. No violation of air 
quality standards or health-based standards for non-criteria pollutants is anticipated. No changes to 
existing or new air emission permits are required. Also, a review of the General Conformity Rule resulted 
in a finding of presumed conformity with the State Implementation Plan. From a global perspective, the 
exhaust emissions released from the MMIII motors into the upper atmosphere will add to the overall 
global loading of chlorine and other gases that contribute to long-term ozone depletion. However, when 
compared to the amount of emissions released on a global basis, the flight tests will not be statistically 
significant in contributing to cumulative impacts on the stratospheric ozone layer.  The two MMIII ERFT 
flight tests would not substantially increase air emissions above those that would occur from the two 
nominal MMIII flight tests they would replace. Overall, no significant impacts to air quality will occur. 
 
• Noise. Sonic booms generated by the MMIII ERFT RVs near impact will be audible within 
approximately 35 miles (65 km) on both sides of the flight path; however, they would occur entirely over 
open ocean and there are no inhabited islets within the flight corridors that would hear it.  The sonic boom 
footprints do not overlap any Guam, Federated States of Micronesia (FSM or Micronesia), or Republic of 
Palau (ROP or Palau) communities.  The NMIS ship would be downrange of impact and the sonic boom 
footprint would be uprange; therefore, operational personnel would not be subjected to significant noise-
related impacts.  The two MMIII ERFT flight tests would occur in different locations from, and would not 
increase noise levels above, those that would occur with the two nominal MMIII flight tests they would 
replace. Consequently, no significant impacts to the noise environment will occur. 
 
• Biological Resources. For the over-ocean launch corridor, flight termination and spent rocket motors 
have the potential for marine animals or sea turtles to incur exposure to underwater shock/sound waves 
from the splashdown or direct contact, respectively.  Underwater pressure waves generated by the sonic 
booms are expected to be less than 140 decibels (dB), which is well below the lower limit (178 dB) for 
inducing behavioral reactions, and the lower limit (218 dB) for inducing temporary threshold shift (TTS) 
in marine mammals and sea turtles, all sound pressure levels being referenced to 1 micropascal (μPa).  
Because the resulting pressures will be relatively low, and very short in duration, no long-term adverse 
effects are anticipated.  During terminal phase of the flights, the potential for underwater shock/sound 
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waves from the splashdown or direct contact exists from the RVs. However, in the open ocean, the 
probability of impacting protected marine mammals and sea turtles is insignificant based on statistical 
analyses. The MMIII ERFT flight tests will occur only twice within one year, and motor and RV impacts 
from each flight will likely not occur at the exact same locations. Though residual amounts of hazardous 
materials could lead to localized seawater impacts, the risk of marine life coming in contact with or 
ingesting toxic levels of solutions is unlikely, considering the rapid dilution of any contaminants and the 
rapid sinking of any components to the ocean floor. Since the RV approach and impact are within the 
BOA, there would be no effects on terrestrial species and/or migratory birds. In the biological opinion 
regarding effects on marine mammals and sea turtles, the National Marine Fisheries Service (NMFS) 
concurred with the determination of “may affect, but not likely to adversely affect.” The two MMIII 
ERFT flight tests would occur in different locations from, and would not increase the potential for 
biological impacts above, those that would occur with the two nominal MMIII flight tests they would 
replace. Consequently, no significant impacts to the noise environment will occur. Overall, no significant 
impacts to biological resources will occur at any of the locations affected. The implementation of 
mitigation measures identified in the SEA will help minimize or eliminate potentially adverse impacts 
that might occur. 
 
• Health and Safety. All program activities will be accomplished in accordance with applicable DOD, 
Lawrence Livermore National Laboratory (LLNL), Federal, state, and foreign health and safety standards. 
Range safety officials will issue Notices to Airmen, as well as to Mariners, and the missile hazard zones 
will be determined clear of both aircraft and surface vessels before proceeding with any flight test.  By 
adhering to established safety standards and procedures, the level of risk to DOD, LLNL and contractor 
personnel and the general public will be minimal at all of the locations affected. The two MMIII ERFT 
flight tests would not increase the potential for health and safety impacts above those that would occur 
with the two nominal MMIII flight tests they would replace. Thus, no significant impacts to either 
occupational or public health and safety are expected to occur. 
 
• Hazardous Materials and Waste Management. For hazardous materials and waste management, 
activities at each affected installation are governed by specific environmental regulations and existing 
facility response plans that minimize any potential environmental consequences resulting from the use 
and handling of these materials.  Each installation has a plan in place that provides guidelines and 
instructions to prevent and control accidental spills of hazardous materials, including a description of 
appropriate countermeasures to contain, clean up, and mitigate the effects of a spill or discharge. 
Appropriate permits are in place and workers are trained to follow procedures for the proper storage, 
transportation, and disposal of hazardous waste. Hazardous material and waste handling capacities will 
not be exceeded, and management programs will not have to change. 
 
In regards to the release of hazardous and toxic materials from RV tests within the BOAs, no residual 
fragments of RVs will be recovered from deep waters. The two MMIII ERFT flight tests would not have 
hazardous materials or waste management requirements substantially greater than those that would occur 
with the two nominal MMIII flight tests they would replace. Consequently, no significant impacts from 
the management of hazardous materials and waste will occur at any of the sites affected. 
 
Monitoring and Mitigation: Within the SEA, various management controls and engineering systems for 
all locations affected are described. Required by DOD, LLNL, Federal, state, and Service-specific 
environmental and safety regulations, and international agreements, these measures are implemented 
through normal operating procedures. 
 
Specific monitoring activities and mitigation measures identified for implementation as part of the 
proposed MMIII ERFT flight tests are summarized in Section 4.4 of the SEA. 
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Public Review and Comment: An availability notice for public review of the Draft SEA and Draft 
FONSI was published in local newspapers for each program support location on or before 12 July 2013, 
initiating a 30-day review period that ended on 12 August 2013. During review periods, copies of the 
Draft SEA and Draft FONSI were made available in local libraries or offices in Santa Barbara and Santa 
Maria, CA; Guam, Micronesia, and Palau. The Draft SEA and Draft FONSI also appeared on a 
USASMDC/ARSTRAT website at http://www.smdc.army.mil, listed under “News and Media.” 
Comments received during the public review were addressed and incorporated in the Final SEA. 
 
Points of Contact: The US Army Space and Missile Defense Command/Army Forces Strategic 
Command (USASMDC/ARSTRAT) point of contact for this SEA is Mr. Mark Hubbs, 
USASMDC/ARSTRAT, Redstone Arsenal, Alabama. Mr. Hubbs can be reached by calling (256) 955-
2608 or by e-mail at Mark.E.Hubbs.civ@mail.mil.
 


  


Conclusion: Based upon review of the facts and analyses contained in the SEA, the USAF has concluded 
that implementation of the Proposed Action will not have a significant environmental impact, either by 
itself or cumulatively with other projects. Accordingly, the requirements of NEPA, the CEQ Regulations, 
32 CFR Part 989 are fulfilled and an Environmental Impact Statement is not required. 
 
Approved: 
 
 
 
_____________________________   ____________________________ 
JAMES S. BROWNE     Date 
Brigadier General, USAF 
Director of Operations 
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1 
1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION 2 
 3 
1.1 Introduction 4 
 5 
The United States (US) Air Force (USAF) prepared this Supplemental Environmental Assessment (SEA) 6 
to update the analysis of conducting Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) 7 
extended range flight tests and supporting activities previously described and analyzed in the Final 8 
Environmental Assessment (EA)—Minuteman III ICBM Extended Range Flight Testing (ERFT) or MMIII 9 
ERFT EA (USAF, 2006a), which is hereby incorporated by reference into this SEA. 10 
 11 
The MMIII ERFT EA analyzed conducting three extended range missions between Fiscal Year (FY) 2006 12 
and 2010.  These missions were for MMIII flight tests from launch at Vandenberg Air Force Base (AFB) 13 
to impact of the reentry vehicles (RVs) in broad ocean areas (BOAs) of the Pacific Ocean, beyond 14 
Kwajalein Atoll (Kwajalein).  Kwajalein has both previous and current MMIII flight test impact sites.  15 
Since the completion of the MMIII ERFT EA and approval of the Finding of No Significant Impact 16 
(FONSI) in April 2006, the three extended range missions were completed in FY06, FY08, and FY10, 17 
with impacts to the southeast and southwest of Guam.  These flights increased the testing ranges of 18 
existing MMIII Force Development Evaluation (FDE) missions by approximately 800 to 1,200 nautical 19 
miles (nm) (1,482 to 2,222 kilometers [km]) beyond Kwajalein Atoll. 20 
 21 
For the continuation of MMIII missile extended range flight tests conducted from Vandenberg AFB, 22 
California (CA), to a BOA of the Pacific Ocean beyond Kwajalein Atoll, this SEA provides an updated 23 
assessment of flight tests through 2014. 24 
 25 
The Air Force Global Strike Command (AFGSC) conducts MMIII flight testing as part of the ongoing 26 
FDE program and, in coordination with the Air Force Nuclear Weapon Center (AFNWC), is the 27 
proponent for the proposed MMIII extended range flight tests analyzed in this SEA.  For extended range 28 
flight testing, the MMIII missiles would launch from existing silos at Vandenberg AFB in California with 29 
designated RV impacts in BOAs south of the Republic of Palau (ROP or Palau) or within international 30 
waters, a range of approximately 6,000 nm (11,112 km) from Vandenberg AFB. 31 
 32 
In support of the AFGSC, the United States Army Space and Missile Defense Command 33 
(USASMDC)/Army Forces Strategic Command (ARSTRAT) determined that an SEA was required to 34 
reassess the potential environmental impacts from the MMIII extended range flight tests because of: (1) 35 
extension of the impact area further southwest of Guam than was originally analyzed and (2) regulatory 36 
changes that have occurred since the completion of the MMIII ERFT EA. 37 
 38 
This SEA was prepared in accordance with the following regulations, statutes, and standards: 39 
 40 


• National Environmental Policy Act (NEPA) (42 United States Code [USC] 4321-4370f). 41 
• Executive Order 12114 (Environmental Effects Abroad of Major Federal Actions) (Office of the 42 


President, 1979). 43 
• The President’s Council on Environmental Quality (CEQ) Regulations for Implementing NEPA 44 


(40 Code of Federal Regulations [CFR] Parts 1500-1508) (CEQ, 2009). 45 
• Environmental Impact Analysis Process (32 CFR Part 989) (USAF, 2009a). 46 
• Environmental Planning and Analysis, US Department of Defense (DOD) Directive (DODD) 47 


4715.9, (DOD, 1996). 48 
• The Compact of Free Association (COFA), as Amended, between the Government of the United 49 


States of America and the Government of the Federated States of Micronesia, signed into law 50 
November 13, 1986, and renewed in 2004 (48 USC 1921). 51 
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• The COFA, as Amended, between the Government of the United States of America and the 1 
Government of the Republic of Palau, signed into law October 1, 1994 (extension agreement was 2 
signed September 2010, but is not yet enacted by US Congress) (48 USC 1931 and 1932). 3 


 4 
1.2 Background 5 
 6 
Because of prior United States (US) initiatives to cancel development programs for new ICBM weapon 7 
systems, the MMIII system has become the only land-based ICBM in America’s nuclear arsenal.  In the 8 
2010 Nuclear Posture Review Report submitted to Congress (DOD, 2010), the Secretary of Defense 9 
specified continuation of the MMIII Life Extension Program with the aim of sustaining the missile fleet 10 
through 2030, as mandated by Congress.  Presently, the MMIII force consists of 450 missiles located 11 
within the three Minuteman Wings at Francis E. Warren AFB, Malmstrom AFB, and Minot AFB.  Flight 12 
tests of the MMIII are conducted annually to ensure the continued readiness and reliability of the weapon 13 
system. 14 
 15 
1.3 Purpose for the Proposed Action 16 
 17 
As part of the USAF's MMIII Extended Range Flight Testing, the proposed test missions include 18 
increasing the target range by approximately 1,800 nm (3,334 km) beyond the vicinities of the Kwajalein 19 
Atoll range (Ronald Reagan Ballistic Missile Defense Test Site [RTS]) in the Republic of the Marshall 20 
Islands and approximately 800 nm (1,482 km) southwest of the island of Guam.  The purpose of the 21 
Proposed Action is continuing extended range flight tests to prove the weapon system's safety, reliability, 22 
and accuracy, and to validate the MMIII weapon system performance and operations. 23 
 24 
1.4 Need for the Proposed Action 25 
 26 
The primary function of the MMIII missile system is strategic deterrence.  The concept of strategic 27 
deterrence means that a defending nation maintains a significant capability to strike a challenging nation 28 
such that a challenging nation will choose not to attack.  In light of recent nuclear proliferation and the 29 
acquisition of offensive nuclear capabilities by foreign nations with potential hostile intent, the USAF 30 
needs more realistic testing at operationally representative distances using prolonged atmospheric RV 31 
flight times, reentry conditions, and test flight data collection not attainable by using impact areas at 32 
Kwajalein Atoll or the US territory of Guam.  The Proposed Action would increase total mission ranges 33 
to approximately 6,000 nm (11,130 km), which would improve and demonstrate the capability and 34 
readiness of US Armed Forces to respond to any serious nuclear threats from such foreign nations.  The 35 
inability to conduct these tests would reduce the overall mission readiness of the MMIII ICBM system 36 
and jeopardize national security.  This testing also is critical to Air Force decision making on Life 37 
Extension Programs for the current Mark (Mk) 12A and Mk 21 RVs. 38 
 39 
1.5 Scope of the Environmental Assessment 40 
 41 
This SEA evaluates the environmental effects of continuing extended range flight tests and extending the 42 
current test targeting range of the MMIII ICBM.  Because neither routine storage nor management of the 43 
MMIII missiles or missile components before launch has changed, those aspects are not included in this 44 
Proposed Action.  Launches would be conducted from existing silo facilities at Vandenberg AFB on the 45 
coast of California.  The launch aspects of MMIII test flights from Vandenberg AFB have been fully 46 
assessed in the EA for Minuteman III Modification (USAF, December 2004) (hereinafter, MMIII EA), 47 
and the SEA for Minuteman III Modification (in progress) (hereinafter, MMIII SEA), which are hereby 48 
incorporated by reference into this SEA.  The Finding of No Significant Impact (FONSI) for the MMIII 49 
EA was signed on 24 February 2005; the FONSI for the MMIII SEA was signed on (in progress).  50 
Pertinent information from those two documents will be summarized in this SEA for the purpose of 51 
compliance with NEPA.  This SEA was prepared in accordance with CEQ regulations at 40 CFR 1500 et 52 
seq. and USAF regulations at 32 CFR 989. 53 
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In accordance with CEQ and USAF regulations, found in 40 CFR 1502.14(d) and 32 CFR 989.8(d), 1 
respectively, this SEA also analyzes the No Action Alternative that serves as the baseline from which to 2 
compare the Proposed Action.  Under the No Action Alternative, MMIII flight tests would not extend 3 
beyond Kwajalein Atoll/RTS.  Ongoing system flight testing, monitoring, and routine maintenance of 4 
MMIII components would continue to ensure weapon system safety, accuracy, and reliability for the 5 
remaining life of the MMIII system. 6 
 7 
1.6 Related Environmental Documentation 8 
 9 
The USASMDC/ARSTRAT relied heavily on several existing NEPA documents to support the 10 
preparation of this SEA.  The documents listed below and cited in the SEA, where applicable, contain 11 
analyses of actions similar to those activities proposed for this SEA and/or provide information on the 12 
existing environment described in Chapter 3.0 herein. 13 


 14 
• Final Environmental Assessment for Minuteman III Modification (USAF, 2004) 15 
• Final Environmental Assessment—Minuteman III ICBM Extended Range Flight Testing (USAF, 16 


2006a) 17 
• Final Environmental Assessment for Hypersonic Technology Vehicle 2 Flight Tests (USAF, 18 


2009b) 19 
• Final Environmental Assessment for Conventional Strike Missile Demonstration (USAF, 2010) 20 
• Advanced Hypersonic Weapon Program Environmental Assessment (USASMDC/ARSTRAT, 2011) 21 
• Final Supplemental Environmental Assessment for Minuteman III Modification (USAF, in 22 


progress) 23 
 24 
1.7 Decisions to Be Made 25 
 26 
Supported by the information and environmental impact analysis presented in this SEA, the USAF will 27 
decide on whether to implement the Proposed Action of continuing to conduct MMIII extended range 28 
flight testing and extending the current test targeting range of the MMIII in a BOA of the Pacific Ocean 29 
or to select the No Action Alternative. 30 
 31 
1.8 Interagency Coordination 32 
 33 
Ongoing interagency coordination is integral to the preparation of this SEA.  The USAF has worked 34 
closely with the Lawrence Livermore National Laboratory (LLNL), for their involvement in supporting 35 
RV flight tests and data collection, and as a cooperating agency during the development of the Proposed 36 
Action.  Additionally, USAF has coordinated with USASDMC/ARSTRAT for analysis of the Proposed 37 
Action. 38 
 39 
Beginning in March 2013, the USAF entered into pre-consultation discussions with the National Marine 40 
Fisheries Service (NMFS) located in Honolulu, Hawaii.  The USAF (with USASMDC/ARSTRAT 41 
support) held teleconferences and meetings with the agency to discuss the potential for environmental 42 
effects from the MMIII extended range flight test activities along the over-ocean flight corridor and at 43 
Guam, the State of Yap in the Federated States of Micronesia (FSM or Micronesia), the Republic of Palau 44 
(ROP or Palau), and international waters.  The discussions also served to identify possible mitigation 45 
measures to minimize the effects on biological resources. 46 
 47 
[Preparer’s Note:  This section is still in preparation and will be updated as agency consultations 48 
progress.] 49 
In March 2013, the USAF (with USASMDC/ARSTRAT support) initiated consultations with NMFS 50 
(Pacific Islands Regional Office), as required by the US Endangered Species Act (ESA) of 1973 (16 USC 51 
1531 et seq.), and the US Marine Mammal Protection Act (MMPA) of 1972 (16 USC 1361 et seq.), 52 
because of potential effects on threatened, endangered, and other protected species, and their habitats, in 53 
international waters and within the Exclusive Economic Zones (EEZs) (within 200 nm [370 km] of the 54 
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coastline) of Guam, the Federated States of Micronesia, and the Republic of Palau.  A biological 1 
assessment (KAYA, 2013) was submitted to NMFS for its review. 2 
 3 
1.9 Public Notification and Review 4 
 5 
In accordance with CEQ (2009) and USAF (2009a) regulations for implementing NEPA, the USAF 6 
solicited comments on the Final SEA from interested and potentially affected parties.  Notice of 7 
Availability (NOA) for the Final SEA and the enclosed Draft FONSI was published in local newspapers 8 
on 12 July 2013 (Table 1-1). (Note: these may change) 9 
 10 


Table 1-1  Newspaper Publications for the Notice of Availability 


Country or State City/Town Newspaper 


California 
Santa Barbara Santa Barbara News-Press 


Santa Maria 
Lompoc Record 
Santa Maria Times 


Guam Hagåtña 
Pacific Daily News 
Navigator 


Federated States of Micronesia 
(Proposed) 


Kolonia, Pohnpei Kaselehlie Press 
Yap Yap Networker 


Republic of Palau 
(Proposed) 


Koror, Palau Island Times (Horizon closed 
2010) 


 11 
Copies of the Final SEA/Draft FONSI were placed in local libraries.  A list of agencies, organizations, 12 
and libraries that were sent copies of the document is provided in Chapter 8.0. 13 
 14 
Following the 30-day public review period specified in the newspaper notices, the USAF will decide 15 
whether to finalize the SEA and sign the FONSI, which would allow the proposed MMIII extended range 16 
test flights to proceed, or to prepare an Environmental Impact Statement (EIS).  If the USAF decides to 17 
finalize the document, then it will take into consideration those public and agency comments received as 18 
part of developing the Final SEA and FONSI.  The Final SEA will then include both the written 19 
comments (i.e., letters and electronic messages received) and their resolution. 20 
 21 
If the USAF finalizes the SEA and signs the FONSI, it will make copies available to those organizations 22 
and individuals who commented on the Final SEA/Draft FONSI or those who specifically requested a 23 
copy of the final document. 24 
 25 
The public review period began on 12 July 2013 and ended on 12 August, 2013; XX comments were 26 
received.27 



http://en.wikipedia.org/wiki/Pacific_Daily_News�

http://en.wikipedia.org/w/index.php?title=Navigator_(newspaper)&action=edit&redlink=1�
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2.0 DESCRIPTION OF PROPOSED ACTION AND ALTERNATIVES 1 
 2 
This chapter briefly describes the MMIII ICBM and provides a description of the Proposed Action and 3 
the No Action Alternative. 4 
 5 
Two alternatives are assessed in this SEA—the Proposed Action and the No Action Alternative.  Section 6 
2.1 provides a description of the MMIII missile system and subsystem components.  Section 2.2 provides 7 
a detailed description of the ongoing MMIII flight tests under the No Action Alternative.  Section 2.3 8 
describes modifications to the flight test program under the Proposed Action.  Alternatives to the 9 
Proposed Action that were considered and eliminated from further study are discussed in Section 2.4.  A 10 
summary comparison of the environmental impacts associated with the Proposed Action and the No 11 
Action Alternative is presented in Section 2.5.  Lastly, Section 2.6 identifies the USAF’s preferred 12 
alternative. 13 
 14 
2.1 The Minuteman III Missile System Description 15 
 16 
The MMIII ICBM is generally unchanged from the Proposed Action description analyzed in the MMIII 17 
EA (USAF, 2004).  The MMIII ICBM (Figure 2-1) consists of five major sections: the three-stage solid-18 
propellant booster, the propulsion system rocket engine (PSRE), the missile guidance set (MGS), the 19 
Model or MOD 7 instrumentation wafer (flight test configuration only), and the reentry system (RS).  The 20 
latter four sections comprise what is generally referred to as the Post-Boost Vehicle (PBV).  The PBV 21 
carries from one to three Mk 12A or one Mk 21 reentry vehicles (RVs) within the RS.  Table 2-1 provides 22 
dimensions of the missile and the three stage motors and fuel weights. 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
 49 
 50 


51 


Table 2-1  Attributes of the MMIII ICBM 


Attribute  
Specifications  


Missile 1st Stage 2nd Stage 3rd Stage  


Length 18.3 m 
(59.9 ft) 


5.7 m 
(18.6 ft) 


2.8 m 
(9.1 ft) 


1.7 m 
(5.5 ft)  


Diameter  1.7 m 
(5.5 ft) 


1.7 m 
(5.5 ft) 


1.3 m 
(4.3 ft) 


1.3 m 
(4.3 ft)  


Weight  
36,000 kg 
(79,400 lb) 
at launch 


20,730 kg 
(45,700 lb) 
(fuel only) 


6,240 kg 
(13,750 lb) 
(fuel only) 


3,310 kg 
(7,300 lb) 
(fuel only)  


Source: USAF, 2004     
Key:  m = meter(s)   ft = feet   lb = pound(s)   m = meter   kg = kilogram 


Figure 2-1  Minuteman III Missile 
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2.1.1 Solid-Propellant Booster 1 
 2 
The solid-propellant booster is comprised of the assembled first-, second-, and third-stage motors, along 3 
with the inter-stages and ordnance systems.  Table 2-2 provides by stage the main chemical components 4 
and DOD explosive hazard classification for the propellants.  The DOD explosive hazard classification 5 
determines the method of shipping and storing of the rocket propellants and other ordnance (DOD, 2009; 6 
USAF, 2012a). 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
During powered flight, each rocket motor uses a different Thrust Vector Control (TVC) system (steering 19 
mechanism) for pitch, yaw, and roll control.  Descriptions of each and the materials they use are: 20 
 21 


• 1st Stage.  The TVC system on the first-stage motor uses hydraulically actuated, moveable nozzles 22 
for altering the thrust vector.  Several gallons of hydraulic fluid are contained in the system. 23 
 24 


• 2nd Stage.  The TVC is accomplished through the liquid injection of perfluorohexane into the 25 
rocket’s gas exhaust.  Approximately 200 lb (91 kg) of perfluorohexane are used. 26 
 27 


• 3rd Stage.  The third-stage motor uses a liquid injection TVC system nearly identical in concept to 28 
the second-stage system, except strontium perchlorate is used.  The TVC system uses 29 
approximately 50 lb (23 kg) of the liquid. 30 


 31 
Small amounts of ordnance in the form of linear explosive assemblies are used to separate the stages 32 
during flight.  Other ordnance carried on the three-stage booster includes rocket motor igniter assemblies 33 
and an ordnance destruct package used only for test launches at Vandenberg AFB.  When combined these 34 
devices contain less than 1 lb (0.45 kg) of additional explosives. 35 
 36 
2.1.2 Propulsion System Rocket Engine (PSRE) 37 
 38 
Just above the third-stage motor on the MMIII is the PSRE.  It is a liquid propellant rocket unit consisting 39 
of two sealed propellant storage assemblies, a helium gas storage tank for pressurizing the propellant, and 40 
several small rocket engines.  The propellants used are monomethylhydrazine (CH6N2) as the fuel and 41 
nitrogen tetroxide (N2O4) as the oxidizer, which form a hypergolic combination.  The PSRE is completely 42 
assembled and fueled with 13.2 gallons (gal) (50 liters [L]) each of fuel and oxidizer at the time of 43 
manufacture.  The PSRE also contains a linear shaped charge made of less than 1 ounce (28 grams [g]) of 44 
explosives, which splits the fuel (monomethylhydrazine) tank when a destruct action is taken. 45 
 46 
2.1.3 Missile Guidance Set (MGS) and MOD 7 Instrumentation Wafer 47 
 48 
Mounted on top of the PSRE are the electronic MGS and the MOD 7 instrumentation wafer (used only 49 
for flight tests).  The guidance set is an inertial guidance system that directs the flight of the MMIII 50 
missile.  Components within the instrumentation wafer transmit data to track the missile flight path and 51 


Table 2-2  Solid-Propellant Rocket Motors 


Stage Main Chemical Components DOD Explosive Hazard 
Classification 


1st 
Ammonium Perchlorate 


Aluminum 
Polybutadiene-Acrylonitrile Class 1.3 


2nd Ammonium Perchlorate 
Aluminum 


Carboxyl Terminated Polybutadiene 
 


3rd 
Source:  W. Doke, personal communication, 27 February 2013 
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evaluate performance following launch from Vandenberg AFB.  Batteries used in the MGS and MOD 7 1 
are described in section 2.1.5 Batteries. 2 
 3 
2.1.4 Reentry System (RS) and Reentry Vehicles (RVs) 4 
 5 
The payload section on top of the MMIII missile is referred to as the RS.  Inside of the RS, the Support 6 
Payload Bulkhead provides a structural support base for one to three RVs (Figure 2-2) and carries the 7 
electronics needed to activate and deploy them in flight.  A two-piece shroud covers the bulkhead and 8 
RVs, protecting them during ascent.  The nose cap on top of the shroud contains a small rocket motor 9 
containing 6.8 lb (3.1 kg) of solid propellant, which ejects the shroud from the vehicle while in flight.  In 10 
its current configuration, the MMIII RS fielded at the Minuteman Wings employs either the Mk 12A or 11 
Mk 21 RV. 12 


 13 
 14 
For the MMIII flight tests conducted annually from Vandenberg AFB, the operational RVs are replaced 15 
with one Mk 21 or up to three Mk 12A inert RVs.  The test RVs do not contain any fissile materials; 16 
however, they do typically contain varying quantities of hazardous materials, including batteries, 17 
asbestos, depleted uranium (DU)1


 24 


, and other heavy metals.  In general, only one test RV per year contains 18 
high explosives; for the planned FY14 extended range flight tests, RVs do not contain high explosives.  19 
Other ordnance carried on the RS includes a shroud ejection motor initiator, gas generators, and gas 20 
generator initiators.  All test RVs typically include 0.29 to 22 ounces (oz) (8.2 to 624 g) of asbestos; 21 
approximately 0.035 to 0.353 oz (1 to 10 g) each of beryllium (Be), cadmium (Cd), and chromium (Cr); 22 
approximately 4.8 oz (136 g) of lead; and an unspecified quantity of DU. 23 


2.1.5 Batteries 25 
 26 
To provide electrical power to the MMIII subsystems, several different types of batteries are carried on 27 
board the motors, the RS, and other sections of the missile.  These include multiple silver-zinc batteries, a 28 
single lithium carbon monofluoride battery, and a single lithium silicon/iron disulfide (thermal) battery.  29 
Approximately 15 batteries are carried on each MMIII flight test missile, depending on the RS 30 
                                                      
11  Uranium (U) is a silver-colored metal that is radioactive and nearly twice as dense as lead. Small amounts of U occur naturally 
in soil, water, air, plants, and animals; and contribute to natural background radiation in the environment.  DU is a byproduct of 
the enrichment process used to make weapons grade U-235.  DU retains the natural toxicological properties of U, but has 
approximately half of its radiological activity.  DU is a non-fissile material.  (USAF, 2004)    


    Figure 2-2  Missile Payload Section 
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configuration used, each weighing from one to 21 lb (0.5 to 9.5 kg).  The individual Mk 12A RVs contain 1 
one silver zinc battery (weighing approximately 1.6 lb [0.7 kg]), while the Mk 21 RVs contains one silver 2 
zinc and one thermal battery (for a total battery weight of approximately 2.4 lb [1.1 kg]).  Additional 3 
details on the MMIII ICBM are available in the MMIII EA and MMIII SEA [in progress]. 4 
 5 
2.2 No Action Alternative 6 
 7 
Under the No Action Alternative, the USAF would continue to conduct MMIII testing at the fixed 8 
Kwajalein Atoll ranges described and analyzed in the MMIII EA and MMIII SEA.  Up to four MMIII 9 
missile launches would be conducted annually from Vandenberg AFB (Figure 2-3) as previously 10 
analyzed.  Vandenberg AFB is the headquarters of the 30th Space Wing (SW), which conducts space and 11 
missile test launches, and operates the Western Range from where a number of ballistic missiles and 12 
space-lift vehicles launches occur. 13 
 14 
For each MMIII flight test, the USAF randomly selects a MMIII missile from a Minuteman Wing and the 15 
missile components are shipped to Vandenberg AFB for launch.  Prior to a launch, a Flight Termination 16 
System (FTS) destruct package is added to the MMIII to terminate motor thrust if unsafe conditions 17 
develop during powered flight. 18 
 19 
For each test flight, USAF personnel conduct a comprehensive safety analysis to determine specific 20 
launch and flight hazards for each test.  A standard dispersion computer model for both normal and 21 
aborted launch scenarios is run by installation safety personnel.  As part of the analysis, risks to off-base 22 
areas and non-participating aircraft, sea vessels, and personnel are determined.  The results of the analysis 23 
then are used to identify the launch hazard area, expended booster drop zones, and terminal hazard areas. 24 
 25 
A flight termination boundary along the vehicle flight path is also predetermined in case a launch vehicle 26 
malfunctions or a flight termination action occurs.  The flight termination boundary defines the limits at 27 
which command flight termination would be initiated to contain the vehicle and its debris within 28 
predetermined hazard and warning areas, thus minimizing the risk to test support personnel and the 29 
public.  Thrust would be terminated by initiation of the FTS, which splits the motor casing, releasing 30 
motor pressure.  The PSRE also contains a linear shaped charge which splits the fuel tank when a destruct 31 
action is taken.  These actions stop the booster’s forward thrust, causing the launch vehicle to reenter 32 
ballistically along a descending trajectory into the ocean. 33 
 34 
As a normal procedure, commercial and private aircraft and watercraft are notified of all the hazard areas 35 
several days prior to launch through a Notice to Airmen (NOTAM) and a Notice to Mariners 36 
(NOTMAR).  Within a day prior to launch, radar and other remote sensors are used to verify that the 37 
hazard areas are clear of non-mission-essential aircraft, vessels, and personnel. 38 
 39 
The USAKA/RTS supports the MMIII missions by providing tracking, sensing, and other technical and 40 
logistical support, typical of every day operations there.  An extensive array of missile tracking radars, 41 
optical sensors, and meteorological equipment are located on several of the islets and are deployed on 42 
LLNL Independent Diagnostic Scoring System (LIDSS) rafts (see Section 2.3.4) stored at USAKA.  43 
Other auxiliary sea-based, aircraft-based, and satellite-based sensors (optical and radar systems) also may 44 
be involved in tracking the missile and collecting data. 45 
 46 
At the conclusion of the flight tests, expended rocket motors and other missile hardware are not recovered 47 
from the ocean and RV recovery operations are not attempted in deeper waters for nominal missions. 48 
 49 
Overall mission readiness of the MMIII ICBM system and maintenance of national security would be 50 
jeopardized and the MMIII FDE mission would not be fulfilled under the No Action Alternative. 51 
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Figure 2-3  Minuteman III Flight Test Support Facilities 
at Vandenberg AFB, California 
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2.3 Proposed Action 1 
 2 
Under the Proposed Action, MMIII flight test launches from Vandenberg AFB would continue with 3 
extended range impacts in BOAs of the Pacific Ocean, as addressed in the MMIII ERFT EA, with the 4 
option for further range expansion and test performance scheduled to occur in 2014.  The USAF would 5 
continue to conduct up to two extended range MMIII FDE missions. 6 
 7 
Facilities at USAKA/RTS and Guam would provide logistical and technical support during the flight 8 
preparations and actual flight tests.  The proposed impact areas for the extended test range, which meet 9 
the AFGSC mission requirements and are coordinated for accessibility to the Navy Mobile 10 
Instrumentation Ship (NMIS), are approximately 800 nm (1,482 km) southwest of Guam.  The two 11 
trajectories for the two flight tests covered under this SEA are slightly different.  They both have rocket 12 
motor drop zones within the EEZ of Guam or Micronesia and planned missile component impacts within 13 
the EEZs of Micronesia and Palau, or within international waters.  No Proposed Action activities are 14 
planned for island locations within Micronesia or Palau. 15 
 16 
2.3.1 Launch Site Preparation and Operations at Vandenberg Air Force Base 17 
 18 
For pre-launch activities, there would be no difference from non-extended range flight tests.  The same 19 
locations, facilities, and procedures for launches at Vandenberg AFB described in the No Action 20 
Alternative would be used to support the Proposed Action flight tests with no plans for additional 21 
modifications or construction. 22 
 23 
Prior to conducting each MMIII ERFT, USAF and contractor personnel would conduct a comprehensive 24 
survey analysis to determine specific missile launch and flight hazards as per the No Action Alternative 25 
description.  The determined flight termination boundary would define the limits at which command 26 
flight termination would be initiated in order to contain the missile and its debris within predetermined 27 
hazard and warning areas, thus minimizing the risk to test support personnel and the general public. 28 
 29 
As part of standard operating procedures, international coordination for NOTAMs and NOTMARs will be 30 
managed through the USAF 30th SW at the USAKA/RTS range (30 SW/RTS), informing commercial 31 
and private aircraft and watercraft respectively of all hazard areas several days prior to launch.  Within a 32 
day prior to each launch, radar, and possibly other remote sensors are used to verify that the hazard areas 33 
are clear of non-mission-essential aircraft, vessels, and people. 34 
 35 
Should a MMIII missile head off course during an extended range flight test or should other problems 36 
occur during flight, the Missile Flight Control Officer would activate the FTS destruct package on the 37 
missile as described in the No Action Alternative. 38 
 39 
2.3.2 Launch Preparation in Guam 40 
 41 
For each MMIII ERFT flight test, LLNL and contractor personnel would pack and ship sensor rafts 42 
(described in section 2.3.4) in sea-worthy containers from Kwajalein Atoll to a Guam warehouse.  43 
Assembly and testing of the raft equipment would occur on Guam.  From the Guam warehouse, the rafts 44 
would be loaded onto an NMIS ship for the mission.  A day sail from an undetermined port may occur 45 
approximately one or more months before each actual flight test for personnel to train and practice 46 
deployment, operation, and recovery of the sensor rafts.  These activities require less than ten of the 47 
existing support personnel.  Shipping/receiving and storage facilities already on Kwajalein Atoll and 48 
Guam would be utilized. 49 


50 
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1 


Figure 2-4  Representative Missile Flight Paths for Extended Range Flight Testing 


Figure 2-5  Representative Missile Impacts for Extended Range Flight Testing 
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2.3.3 Flight Test Scenario in the Over-Ocean Flight Corridor 1 
 2 
Figure 2-4 shows representative missile flight paths and the booster drop zones for MMIII extended range 3 
flight test missiles launched from Vandenberg AFB towards impact in BOAs in the EEZ of the ROP and 4 
within international waters.  Following motor burnout and separation, the spent first-stage motor would 5 
splash down in the Pacific Ocean approximately 105 nm (195 km) off the California coast.  The spent 6 
second-stage motor would impact approximately 790 to 815 nm (1,463 to 1,509 km) off the California 7 
coast.  The missile flight path would continue well north of the Hawaiian Islands since the missions are 8 
not designed to overfly populated areas.  The third-stage rocket motor debris splash-downs would occur 9 
approximately 4,900 to 5,200 nm (9,075 to 9,630 km) from the California coast, into a BOA within the 10 
Guam or FSM EEZ.  The thrust termination (TT) port assemblies would impact downrange of the third-11 
stage rocket motor debris by approximately 300 to 500 nm (556 to 926 km), in a BOA within the EEZ of 12 
Micronesia, approximately 38 nm (70 km) from the closest island in the State of Yap.  Towards the 13 
terminal end of each MMIII extended range flight test, the PBV and MGS fragments would impact in 14 
predetermined BOAs of Palau and Micronesia.  The one RV on each flight will continue traveling at 15 
hypersonic velocities towards the designated target areas (Figure 2-5). 16 
 17 
2.3.4 Terminal Phase Preparations and Operations on Land and at Sea 18 
 19 
Several measurement systems and sensors would be used to support the MMIII extended range flight 20 
tests.  The systems required are defined by location along the flight path trajectory to meet the mission 21 
test objectives and collect the required data for detailed evaluation of the flight tests (Table 2-3).  During 22 
the launch window, these systems will be used exclusively for the extended range tests.  Additionally, 23 
meteorological support would be provided by Vandenberg AFB, USAKA/RTS, and the NMIS ship. 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
Using the TAGS-60 class ship as the platform, a Naval oceanographic survey service ship with cranes, 34 
winches, and survey sensors, the NMIS provides a modern, mobile, and portable test range 35 
instrumentation system.  The ship can support radar tracking, telemetry acquisition, optics, weather, and 36 
communications requirements for missile launches.  The survey ship also transports other sensor systems 37 
deployed at the target site.  The NMIS ship would be positioned within approximately 10 nm (18.5 km) 38 
from the impact site, nominally west and downrange of the RV impact. 39 
 40 
The Terminal Area Optical System (TAOS), self-contained in a sea-worthy container, would be located 41 
on the NMIS ship.  The TAOS includes optical and video systems with power and communication 42 
interfaces with the NMIS ship and data synergy between radar, optics and other sensors. 43 
 44 
Other data collection instruments transported by the NMIS ship at sea would include several types of 45 
reusable rafts developed by LLNL to include LLNL LIDSS multiple use rafts (Figure 2-6).  The rafts 46 
generally use twin battery-powered trolling motors for differential thrust navigation and station- keeping 47 
to ensure proper positioning for the flight impacts.  Power to the trolling motors is provided by marine 48 
gel-cell batteries.  The LIDSS detector rafts weigh approximately 1,600 lb (726 kg) and measure 49 
approximately 9 ft wide by 14 ft long (2.74 m by 4.27 m).  The camera rafts weigh approximately 2,000 50 
lb (907 kg).  The dimensions are 9 ft wide by 16 ft long (2.74m by 4.88 m). 51 


Table 2-3  Support by Location Along Flight Path 
Uprange  Radar, telemetry, GPS, optics/video, meteorological, 


command transmitters 
Midrange Radar, telemetry 
RTS Radar, telemetry, meteorological 
Downrange  Radar, telemetry, optics, meteorological (aboard the NMIS 


ship), hydrophone rafts with neutron detectors and cameras 
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Figure 2-6.  Representative Sensor Raft System 


Source:  USAF, 2010 


Sensors on the rafts may include neutron 1 
detectors, still digital cameras, high-speed 2 
digital cameras, and video digital cameras.  3 
All of the rafts have hydrophones, which 4 
measure the sound from impacts to determine 5 
the exact splash-down location. 6 
 7 
Assembly and testing of the rafts would occur 8 
on Guam approximately one month before an 9 
actual flight.  Sixteen rafts would be deployed 10 
for each mission; thirteen detector rafts and 11 
three camera rafts.  For flight support, 12 
deployment and recovery of rafts would occur 13 
at sea from the NMIS ship.  Deployment 14 
formation typically is at a distance of 15 
approximately four or less nm (7.4 km) 16 
around the target impact location. 17 
 18 
As data collection instruments are deployed, LLNL personnel will observe the impact and surrounding 19 
area to the best of their ability for indications of marine mammal and sea turtle presence.  If such 20 
indications exist or marine mammal or sea turtle individuals are observed to persist in the impact or 21 
surrounding area, the presence will be reported by LLNL personnel to AFGSC personnel, who will 22 
determine the potential for holding launch activities to allow the animals to pass through the area of 23 
concern. 24 
 25 
2.3.4.1 Terminal Flight and Impact Activities 26 
 27 
Towards the terminal end of each MMIII extended range flight test, beyond the third-stage motor and TT 28 
port drop zones, the PBV and MGS fragments impact in predetermined areas of the BOA of ROP and 29 
FSM.  The one RV on each flight continues traveling at hypersonic velocities towards the designated 30 
target areas.  For both flight tests, the RVs impact approximately 80 nm (148 km) offshore from the 31 
closest island or within international waters into deep ocean waters where depths range from 10,000 to 32 
16,600 ft (3,048 to 5,060 m).  None of the extended range flight test RVs contains high explosives and the 33 
RVs remain intact until impact in the ocean. 34 
 35 
2.3.4.2 Post-Test Cleanup and Recovery Operations 36 
 37 
Following completion of each flight test, LLNL personnel would work to retrieve LIDSS rafts for 38 
transport to Guam.  The recovered rafts would be disassembled, re-packed, and shipped back from Guam 39 
to Kwajalein Atoll.  Expended rocket motors and other missile hardware are not recovered from the ocean 40 
and RV recovery operations are not attempted for nominal missions.  There are no onsite, physical 41 
assessment or post-test cleanup activities required for MMIII extended range flight tests. 42 
 43 
2.4 Alternatives Eliminated From Further Consideration 44 
 45 
Other than Vandenberg AFB, there are no other alternative launch sites within the United States and its 46 
territories that can perform MMIII launches using existing facilities in a safe and secure operational-like 47 
manner.  Because of reliance on the limited availability of US Navy instrumentation assets on the NMIS 48 
ship, which will be in the geographic target area, the proposed extended range flight test impact locations 49 
are the only feasible alternative capable of hosting and accomplishing the specific data gathering 50 
objectives required for the missions at this time. 51 
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2.5 Comparison of Environmental Consequences of the Proposed Action and No Action 1 
 Alternative 2 
 3 
Table 2-4 presents a comparison of the potential environmental consequences of the Proposed Action and 4 
the No Action Alternative for those locations and resources affected.  A detailed discussion of these 5 
potential impacts is presented in Chapter 4.0 of this SEA. 6 
 7 
2.6 Identification of the Preferred Alternative 8 
 9 
The USAF’s preferred alternative is the Proposed Action, as described in Section 2.3 of this SEA. 10 
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Table 2-4  Comparison of Potential Environmental Consequences 
Location/Resources 


Affected 
No Action Alternative Proposed Action 


Launch (Vandenberg AFB) - Based on Findings of the MMIII EA/SEA [In progress] 
Airspace        Air Quality 
Noise 
Biological Resources 
Water Quality 


Findings of No Significant Impact 
were prepared for both the MMIII 
EA and MMIII SEA. 


No change from the No Action 
Alternative. 


Guam 


Health and Safety N/A 


The shipping/receiving, loading and 
unloading would be performed by trained 
and certified personnel. Shipboard 
personnel would train and practice 
deploying and retrieving sensor rafts prior 
to the actual flight tests. 


Hazardous Materials and 
Waste Management N/A 


Proper procedures for handling these 
materials and wastes are followed in 
accordance with all applicable Federal 
(such as 29 CFR 1910), DOD, and Air 
Force, Army, and Navy regulations. Use 
and management of hazardous materials 
and the disposal of hazardous wastes 
require approval and coordination with 
LLNL or with the appropriate safety and 
environmental offices. 


Over-Ocean Flight Corridor 


Global Atmosphere N/A 
Flight tests would not contribute 
significantly to ozone layer depletion or 
to global warming. 


Health and Safety N/A 


NOTAMs and NOTMARs would be 
issued for the flight corridor. Allowable 
public risk limits would be extremely 
low; individuals within the general public 
would not be exposed to a probability of 
casualty greater than 30 in 1,000,000 for a 
single mission. By adhering to established 
and proven safety standards and 
procedures, the level of risk to all 
personnel would be minimal. 


Biological Resources N/A 
The potential for effects to marine 
mammals or sea turtles from sonic booms 
or debris if flight termination were 
required would be remote. 


Proposed Impact Areas - Broad Ocean Areas of the North Pacific Ocean 
Air Quality  N/A Air emissions generated would primarily 


occur above the mixing layer and be 
quickly dispersed and diluted over a large 
geographic area.  No violation of air 
quality standards or health-based 
standards for non-criteria pollutants 
would be anticipated. 
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 1 
Table 2-4  Comparison of Potential Environmental Consequences - Continued 


Location/Resources 
Affected 


No Action Alternative Proposed Action 


Proposed Impact Areas - Broad Ocean Areas of the North Pacific Ocean - Continued 
Biological Resources 
Water Quality and Noise 
were included for 
potential impacts on 
marine life. 
 


• Fish No change from the No Action 
Alternative as assessed in the MMIII 
ERFT EA. 
• Sea Turtles No change from the No 
Action Alternative as assessed in the 
MMIII ERFT EA. 
• Marine Mammals No change from 
the No Action Alternative as assessed 
in the MMIII ERFT EA 
 


• Fish No change from the Proposed 
Action as assessed in the MMIII ERFT 
EA. 
• Sea Turtles Within impact areas, there 
are no features that would cause 
concentrations of sea turtles. Based on 
conservative estimates of sea turtle 
densities coupled with conservative 
estimates of hearing, it was determined 
that only a negligible number of sea 
turtles (i.e., less than 0.0003) might be 
affected acoustically or non-acoustically 
by proposed extended range flight testing. 
• Marine Mammals For Level B 
harassment, there would be no predicted 
“takes” of an individual marine mammal 
species of more than 0.0324 annually due 
to acoustic impacts. For Level A injury or 
mortality, the potential for “takes” due to 
acoustic impacts would approach zero. 
For non-acoustic effects, given the 
estimated marine mammal densities along 
the flight path and in the impact areas, the 
probability that marine mammals would 
be affected by falling debris is very low 
to negligible. 


Health and Safety No change from the Proposed Action as 
assessed in the MMIII SEA 


The flight tests would be conducted using 
established range safety standards and 
procedures.  Sensor raft activities would 
be performed in compliance with all 
shipboard safety requirements and under 
the oversight of a highly experienced 
supervisor. 


Hazardous Materials and 
Waste Management 


No change from the Proposed Action as 
assessed in the MMIII SEA 


RVs breakup on impact; hazardous 
materials contained in the RVs are rapidly 
diluted in ocean waters and/or sink to the 
ocean floor.  Any accidental spills from 
support equipment operations would be 
contained and cleaned up in accordance 
with US and DOD requirements.  
Resulting waste materials would be 
returned to Guam for proper storage and 
disposal in accordance with US 
regulations.  Hazardous waste and other 
waste-handling capacities at Guam would 
not be exceeded, and waste management 
programs would not change. 


Noise No change from the Proposed Action as 
assessed in the MMIII SEA 


No land region would be exposed to RV 
sonic booms. The NMIS ship would be 
downrange and personnel would follow 
applicable Hearing Conservation 
Programs. No test support personnel 
would be affected. 
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3.0 AFFECTED ENVIRONMENT 1 
 2 
This chapter describes the environmental resources at the locations identified in the Proposed Action—3 
Vandenberg AFB, Guam, the over-ocean flight corridor, and BOAs of Guam, the Federated States of 4 
Micronesia, the Republic of Palau, and international waters.  The chapter is organized by location, 5 
describing each environmental resource or topical area that could be affected at that site by implementing 6 
the Proposed Action. 7 
 8 
Some of the resource topics originally discussed in the MMIII ERFT EA remain essentially the same 9 
and/or are unlikely to be affected by implementation of the Proposed Action analyzed in this SEA.  The 10 
flight launch activities and affected environment topics are relatively the same as those for the MMIII 11 
modification flights and the ERFT flight tests.  To minimize redundancy, this SEA focuses on those 12 
resource topics where substantive changes or alterations have occurred within the resource topics or in the 13 
region of influence (ROI).  For those resource topics not addressed in detail herein, the MMIII EA, 14 
MMIII ERFT EA, and MMIII SEA [in process] are incorporated by reference and considered valid for 15 
current analysis purposes.7


 17 
 16 


The information and data presented in the SEA correspond to the importance of the potential affects to 18 
provide the proper context for evaluating impacts.  Sources of data used and cited in the preparation of 19 
this chapter include available literature (such as EAs, EISs, and other environmental studies), installation 20 
and facility personnel, and regulatory agencies.  The rationale for excluding certain environmental 21 
resource topics from further study is described in the introductory section for each location. 22 
 23 
The information contained in this Chapter serves as the baseline against which the predicted effects of the 24 
Proposed Action can be compared.  The potential environmental effects of the Proposed Action and No 25 
Action Alternative are discussed in Chapter 4.0. 26 
 27 
3.1 Vandenberg Air Force Base 28 
 29 
Vandenberg AFB is located in Santa Barbara County on the central coast of CA, about 50 miles (mi) (80 30 
km) northwest of the City of Santa Barbara.  Covering more than 98,000 acres (39,660 hectares), it is the 31 
third largest USAF installation in the US.  A primary mission for the base is to conduct and support space 32 
and missile launches.  Located along the Pacific coast, Vandenberg AFB is the only facility in the US 33 
from which unmanned Government and commercial satellites can be launched into polar orbit, and where 34 
land-based ICBMs can be launched to verify weapon system performance. 35 
 36 
Rationale for Environmental Resources Analyzed 37 
 38 
For proposed MMIII ERFT activities at Vandenberg AFB the affected environment topics were evaluated 39 
in detail in the MMIII EA and the MMIII SEA.  These were:  air quality, noise, biological resources, 40 
health and safety, and hazardous materials and waste management.  Surface water quality also was 41 
included in the analysis from the standpoint of potential impacts on vegetation and wildlife.  Other 42 
resource topics for Vandenberg AFB were not analyzed further in the MMIII SEA because the resources 43 
were not involved in the MMIII activities.  Launches for MMIII ERFT essentially are unchanged from 44 
other MMIII launches.  There have been little or no changes to the affected environment, to the MMIII 45 
program and launch activities, or to the resulting environmental effects since completion of the MMIII 46 
SEA [in process] (Section 4.1).  A summary of Health and Safety evaluation, which is applicable to the 47 
ERFT flights, is provided below. 48 


                                                      
7  The MMIII EA can be accessed on the DTIC web site at http://www.dtic.mil/dtic/tr/fulltext/u2/a434266.pdf. 
  



http://www.dtic.mil/dtic/tr/fulltext/u2/a434266.pdf�





Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


3-2 


3.1.1 Health and Safety 1 
 2 
Prior to each MMIII ERFT, USAF and contractor personnel would conduct a comprehensive survey 3 
analysis to determine specific missile launch and flight hazards.  The determined flight termination 4 
boundary would define the limits at which command flight termination would be initiated in order to 5 
contain the missile and its debris within predetermined hazard and warning areas, thus minimizing the 6 
risk to test support personnel and the general public. 7 
 8 
International coordination for NOTAMs and NOTMARs will be managed through the USAF 30th SW at 9 
the USAKA/RTS range, informing commercial and private aircraft and watercraft respectively of all 10 
hazard areas several days prior to launch.  Within a day prior to each launch, radar, and possibly other 11 
remote sensors are used to verify that the hazard areas are clear of non-mission-essential aircraft, vessels, 12 
and people. 13 
 14 
Should a MMIII missile head off course during an extended range flight test or should other problems 15 
occur during flight, the Missile Flight Control Officer would activate the FTS destruct package on the 16 
missile as described in the No Action Alternative. 17 
 18 
3.2 Guam 19 
 20 
In preparation for the proposed MMIII ERFT missile flights, an NMIS ship carrying sensor rafts and 21 
telemetry sensors would temporarily dock at the island of Guam.  Equipment would be loaded aboard 22 
from storage facilities prior to departing for the proposed impact sites in the BOAs.  Equipment required 23 
for these activities will use hazardous materials as described in Section 3.2.2. 24 
 25 
Rationale for Environmental Resources Analyzed 26 
 27 
For proposed MMIII ERFT flight test activities at Guam the affected environment topics are health and 28 
safety and hazardous materials and waste management.  Other resource topics for Guam were not 29 
analyzed further because the resources were not involved in the MMIII ERFT activities. 30 
 31 
3.2.1 Health and Safety 32 
 33 
About a month before the planned missile test flight, LLNL and contractor personnel would pack the 34 
sensor rafts and calibration equipment in sea-worthy containers and ship them from Kwajalein Atoll to a 35 
Guam warehouse for each MMIII extended range flight test.  From the warehouse, the rafts would be 36 
loaded onto an NMIS ship for the mission.  Existing shipping/receiving, storage, and docking facilities on 37 
Kwajalein Atoll and Guam would be utilized; these activities are similar to operations occurring every 38 
day at both locations.  Only trained and certified operators would operate the lifting and loading 39 
equipment.  Assembly and testing of the raft equipment would occur on Guam.  A day sail from an 40 
undetermined port may occur within approximately one or more months before each actual flight test for 41 
personnel to train and practice deployment, operation, and recovery of the sensor rafts, under the 42 
supervision of a highly experienced supervisor.  These activities require less than ten of the existing 43 
support personnel.  All required Occupational Health and Safety Administration (OSHA) regulations 44 
within 29 CFR would be followed, as well as all appropriate DOD, LLNL, and environmental guidance, 45 
directives and procedures. 46 
 47 
3.2.2 Hazardous Materials and Waste Management 48 
 49 
The equipment associated with the shipping/receiving, storage, loading/unloading at Guam likely would 50 
require batteries, fuels, oils and lubricants.  The facilities would follow US Resources Conservation and 51 
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Recovery Act requirements for management of hazardous materials.  This includes having spill 1 
prevention, control, and countermeasure (SPCC) plans in place in the event of a spill or release of 2 
hazardous materials, with procedures for disposing of waste following a spill event cleanup. 3 
 4 
3.3 Over-Ocean Flight Corridor and the Global Environment 5 
 6 
Because of the potential global effects of testing rockets over the ocean and through the earth’s 7 
atmosphere, this SEA also considers the environmental effects on the global environment in accordance 8 
with the requirements of Executive Order (EO) 12114, Environmental Effects of Major Federal Actions, 9 
and DODD 6050.7, Environmental Effects Abroad of Major Department of Defense Actions.  Although 10 
unlikely to occur, flight termination also is discussed briefly.  This section describes the baseline 11 
conditions within the Pacific over-ocean flight corridor (Figure 3-1) that may be affected by the proposed 12 
MMIII ERFT activities. 13 
 14 
Rationale for Environmental Resources Analyzed 15 
 16 
For purposes of this analysis, the ROI is focused primarily on the MMIII ERFT missile flight test corridor 17 
over the central North Pacific Ocean, downrange along the launch vehicle flight path, about 6,000 nm 18 
(11,112 km) off the CA coast to the vicinities of the Guam, Micronesia, and Palau EEZs, and to 19 
international waters, where missile component drop zones and sonic booms typically would occur.  20 
Impacts of the first and second stage rocket motors dropping within 200 nm (370 km) of the CA coast and 21 
associated sonic booms also occurring within 25 nm (46 km) of the CA coast following a launch are 22 
evaluated in the MMIII SEA [in progress] and are not repeated here.  Because of the limited scope of the 23 
Proposed Action in the over-ocean flight corridor, the global atmosphere, health and safety, and the 24 
biological resources within the North Pacific Ocean were the only resource areas analyzed.  Water quality 25 
and noise were included in the biological resources analysis to account for potential impacts on marine 26 
life.  Other environmental resources within the ROI were not evaluated in this SEA because: (1) effects 27 
would be limited to the over-ocean flight corridor, thus, there is no potential for impacts to cultural 28 
resources, land use, soils, and groundwater; and (2) since the ROI is well removed from population 29 
centers, no impacts to socioeconomics, utilities, waste management, or transportation are anticipated, nor 30 
are environmental justice (Executive Order 12898, Federal Actions to Address Environmental Justice in 31 
Minority Populations and Low-Income Populations) concerns expected. 32 
 33 
3.3.1 Global Atmosphere 34 


 35 
3.3.1.1 Stratospheric Ozone Layer 36 
 37 
The stratosphere, which extends from 6 mi (10 km) to approximately 30 mi (50 km) in altitude, contains 38 
the Earth’s ozone layer (National Oceanic and Atmospheric Administration [NOAA], 2008).  The ozone 39 
layer plays a vital role in absorbing harmful ultraviolet radiation from the sun.  Over the last 20 years, 40 
anthropogenic (human-made) gases released into the atmosphere—primarily chlorine related 41 
substances—have threatened ozone concentrations in the stratosphere which filter harmful ultraviolet 42 
sunlight.  Such materials include chlorofluorocarbons (CFCs), which have been widely used in electronics 43 
and refrigeration systems, and the lesser-used halons, which are extremely effective fire extinguishing 44 
agents.  Once released, the motions of the atmosphere mix the gases worldwide until they reach the 45 
stratosphere, where ultraviolet radiation releases their chlorine and bromine components. 46 
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1 
Figure 3-1  Representative Over-Ocean Flight Corridors 2 


 3 
Through global compliance with the 1987 Montreal Protocol on Substances that Deplete the Ozone Layer 4 
and amendments, the worldwide production of CFCs and other ozone-depleting substances has been 5 
drastically reduced and banned in many countries.  A continuation of these compliance efforts is expected 6 
to allow for a slow recovery of the ozone layer (World Meteorological Organization [WMO], 2010). 7 
 8 
3.3.2 Health and Safety 9 
 10 
Air Force Policy Directive 91-2 (Safety Programs) (USAF, 2012b) establishes the key USAF safety 11 
policies and describes success-oriented feedback and performance metrics to measure policy 12 
implementation.  Final responsibility and authority for the safe conduct of ballistic and space vehicle 13 
operations belongs to the 30th SW Commander.  Establishing and managing the overall safety program is 14 
the responsibility of the 30th SW Safety Office.  Range safety policy requirements for ballistic and space 15 
vehicle operations are defined in Eastern and Western Range (EWR) 127-1 (Range Safety Requirements) 16 
(USAF, 1997).  The Air Force Space Command (AFSPC) Manual 91-710 (Range Safety User 17 
Requirements) (USAF, 2011) establishes range safety policy, and defines requirements and procedures for 18 
ballistic and space vehicle operations at Vandenberg AFB.  Over-ocean launches must comply with DOD 19 
Instruction 4540.01 (Use of International Airspace by US Military Aircraft and for Missile/Projectile 20 
Firings) (DOD, 2007). 21 
 22 
For MMIII ERFT flight tests, 30 SW Office at Vandenberg AFB provides range support for the over-23 
ocean flight corridor, and 30 SW/RTS at USAKA and the NMIS ship provide range support for the 24 
terminal phase of flight.  Health and Safety for MMIII missile launches were evaluated in the MMIII SEA 25 
(Section 3.1 Vandenberg Air Force Base, 3.1.3 Health and Safety) [in progress]; that evaluation also is 26 
applicable for the MMIII ERFT launches.  Thus, the ROI for health and safety focuses on public notices 27 
and potential flight termination, and includes consideration of DOD, LLNL, and contractor personnel, and 28 
the general public.29 
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High-altitude jet routes crisscross the North Pacific Ocean.  Since the airspace over the over-ocean flight 1 
path and proposed impact areas is international, the procedures of the International Civil Aviation 2 
Organization (ICAO) are followed, as outlined in ICAO Document 4444- RAC/501, Rules of the Air and 3 
Air Traffic Services (ICAO, 1996).  Air Traffic Service outside US airspace is provided in accordance 4 
with Article 12, Rules of the Air, and Annex 11, Air Traffic Regulations and Air Traffic Services, of the 5 
ICAO Convention.  The Federal Aviation Administration (FAA) acts as the US agent for aeronautical 6 
information to the ICAO. (USASMDC/ARSTRAT, 2003) 7 
 8 
Safety procedures and practices for all MMIII test flights are well developed and regularly in use.  As part 9 
of standard procedures commercial and private aircraft and watercraft are notified of all the hazard areas 10 
along the flight path several days prior to launch through a NOTAM and a NOTMAR, respectively.  The 11 
NOTAM and NOTMAR are published and circulated by 30 SW/RTS in accordance with 30 SWI 91-104 12 
(Operations Hazard Notice) to warn personnel to avoid hazard areas within international airspace and 13 
waters. (USASMDC/ARSTRAT, 2003) 14 
 15 
The 30 SW Safety Office conducts a comprehensive safety analysis prior to each launch to determine 16 
specific missile launch and flight hazards to ensure populated areas, critical range assets, and civilian 17 
property susceptible to damage are outside predicted impact/debris limits.  As part of this analysis, risks 18 
to off-base areas and non-participating aircraft, sea vessels, and personnel are determined.  These actions 19 
include a review of flight trajectories and hazard area dimensions, and review and approval of destruct 20 
systems.  The results of this analysis are used to identify the launch hazard area, expended booster drop 21 
zones, post-boost vehicle impact areas, and terminal hazard areas for the RVs.  Criteria used to determine 22 
debris hazard risks are in accordance with the Range Commanders Council (RCC) Standard 321-10, 23 
Common Risk Criteria Standards for National Test Ranges. 24 
 25 
A flight termination boundary along the MMIII ERFT missile over-ocean flight path also is 26 
predetermined, should a missile malfunction or flight termination action occur.  The flight termination 27 
boundary defines the limits at which command flight termination would be initiated in order to contain 28 
the missile and its debris within predetermined hazard and warning areas, thus minimizing the risk to test 29 
support personnel and the general public.  Flight corridors are designed to avoid inhabited areas.  Should 30 
a MMIII missile head off course or should other problems occur during flight, the Missile Flight Control 31 
Officer would activate the destruct package on the missile.  This would stop the vehicle’s forward thrust 32 
and the missile would then reenter ballistically along a descending trajectory into the ocean.  The 33 
probability for an aborted MMIII ERFT flight to occur is extremely low. 34 
 35 
3.3.3 Biological Resources 36 
 37 
Native or naturalized vegetation, wildlife, and the habitats in which they occur collectively are referred to 38 
as biological resources.  Since the potential impacts would occur in the marine environment, existing 39 
information on marine wildlife species and habitat types in the vicinity of the proposed impact areas was 40 
reviewed, with special emphasis on the presence of any species listed as candidate, threatened, or 41 
endangered by Federal and other governmental applicable agencies, to assess their sensitivity to the 42 
effects of the No-action Alternative and Proposed Action.  These species are discussed in Section 3.4.2.  43 
The affected environment for the global atmosphere and the over-ocean flight would be similar in nature. 44 
 45 
Noise and Biological Resources 46 
In the marine environment, there are many different sources of noise, both natural and anthropogenic 47 
(man-made).  Biologically produced sounds include whale songs, dolphin clicks, and fish vocalizations.  48 
Natural geophysical sources include wind-generated waves, earthquakes, precipitation, and lightning 49 
storms.  Anthropogenic sounds are generated by a variety of activities, including commercial shipping, 50 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


3-6 


geophysical surveys, oil drilling and production, dredging and construction, sonar systems, DOD test 1 
activities and training maneuvers, and oceanographic research (USAF, 2006b). 2 
 3 
Noise most often is defined as unwanted sound heard by people or wildlife and that interferes with normal 4 
activities or otherwise diminishes the quality of the environment.  Sources of noise may be transient (e.g., 5 
a passing train or aircraft), continuous (e.g., heavy traffic or air conditioning equipment), or impulsive 6 
(e.g., a sonic boom or a pile driver).  Sound waves traveling outward from a source exert a sound pressure 7 
measured in decibels (dB).  The greatest sound pressure level recorded during a specific period of time is 8 
termed the peak sound pressure level, further qualified as weighted or unweighted (i.e., unfiltered).  Peak 9 
sound values can be so short in duration and at such a frequency that they are missed by the human ear. 10 
 11 
While measurements for sound pressure levels in air are referenced to 20 microPascals (µPa), underwater 12 
sound levels are normalized to 1 µPa, a standard used in underwater sound measurement.  This 13 
convention would make a sound in air referenced to 20 µPa effectively shift 26 dB when described in 14 
water referenced 1 µPa.  Within the ROI, some of the loudest underwater sounds generated are most 15 
likely to originate from storms, ships, and some marine mammals.  The sound of thunder from a nearby 16 
lightning strike can have source levels of up to 260 dB (referenced [re] 1 µPa) underwater.  A passing 17 
supertanker can generate up to 190 dB (re 1 µPa) of low frequency sound.  For marine mammals, 18 
odontocetes such as dolphins are known to produce brief echolocation signals over 225 dB (re 1 µPa), 19 
while mature sperm whale clicks have been calculated as high as 232 dB (re 1 µPa) (USAF, 2006b).  20 
Baleen whales (mysticetes) such as blue whales are known to produce calls as loud as 188 dB (re 1 µPa) 21 
(Cummings and Thompson, 1971). 22 
 23 
3.4 Proposed Impacts Areas – Broad Ocean Areas of the Pacific Ocean 24 
 25 
Rationale for Environmental Resources Analyzed 26 
 27 
For the MMIII extended range flight test activities within the EEZs of Guam, Micronesia, and Palau, and 28 
within international waters, air quality, biological resources, health and safety, hazardous materials and 29 
waste management, and noise are the only resource areas analyzed.  Water quality also was included in 30 
the biological resources analysis to account for potential impacts on marine life.  Other resource topics 31 
were not analyzed further in this area because:  (1) the Proposed Action requires no ground-disturbing 32 
activities, thus no impacts to soils would be expected; (2) mostly existing DOD, LLNL, and contractor 33 
personnel would be involved, thus, there are no socioeconomic concerns; (3) through avoidance of high 34 
altitude jet routes (USASMDC/ARSTRAT, 2007) and the application of existing range safety procedures, 35 
there would be no major impacts on airspace; and (4) the Proposed Action is similar to current MMIII 36 
operations.  As a result, there would be no adverse effects on land use, utilities, solid waste management, 37 
or transportation. 38 
 39 
Climate 40 
The tropical zone is defined as the area approximately between 23.5° North (N) and South (S) latitude 41 
(measured from the Equator).  The subtropical regions are the climatic zones typically found adjacent to 42 
the tropics, usually between 23.5° and 40° latitude in both hemispheres.  Temperate latitudes of the globe 43 
lie between where the tropics and where the polar regions are located, generally between at 23.5° and 66° 44 
N and S, and are inclusive of the subtropical regions. 45 
 46 
The climate for the proposed impacts areas generally is tropical, where there is little seasonal change in 47 
either temperature or rainfall.  Slightly greater day-night differences in temperature and seasonal variation 48 
in temperature and rainfall occur closer to Guam, which is located about six degrees latitude farther north 49 
from the Equator than Palau.  The tropical climate is tempered by trade winds and ocean currents flowing 50 
across the Pacific Ocean, three of which converge near Palau.  Daily temperatures range between 70° and 51 
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90°F (20° and 30°C).  There is a dry season roughly within the first half of each calendar year followed 1 
by a wet season punctuated by typhoons (CIA, 2012; Wolanski & Furukawa, 2007). 2 
 3 
Ocean Characteristics 4 
The Pacific Ocean is the largest of the world’s 5 
oceans, larger than all of the Earth's land area 6 
combined, and is subdivided by the equator into 7 
the North Pacific Ocean and South Pacific 8 
Ocean.  Within the North latitudes (N, north of 9 
the Equator), there are broad expanses of ocean 10 
without land areas and other areas scattered with 11 
archipelagos (small chains of islands).  For the 12 
purposes of this SEA, the BOAs of the Pacific 13 
Ocean are defined as those areas with a minimum 14 
water depth of 500 ft (152 m) that generally are 15 
more than 35 nm (65 km) from inhabited islands.  16 
The proposed target areas are within the western 17 
portion of the North Pacific Ocean (Figure 3-2). 18 
 19 
The general composition of the ocean includes 20 
sodium chloride, dissolved gases, minerals, and 21 
nutrients.  These components determine and 22 
direct the interactions between the seawater 23 
and its inhabitants.  The most important chemical    Figure 3-2  Proposed Impact Areas in BOAs 24 
and physical chemical properties of the waters of                            of the Pacific Ocean 25 
the broad open ocean areas of the Pacific are  26 
salinity, density, temperature, pH, and the concentration of dissolved gases. 27 
 28 


• Salinity is approximately 35 parts of salt per 1,000 parts of seawater. 29 
• The temperature of the seawater generally is at 39.2°F (4°C). 30 
• The pH of surface waters generally is neutral or slightly basic at a pH between 8.1 and 8.3. 31 
• The oxygen content of the seawater is variable, depending on plant production, consumption by 32 


animals and plants, bacterial decomposition, and surface interactions with the atmosphere. 33 
• Carbon dioxide is 60 times more concentrated in seawater than it is in the atmosphere. 34 


 35 
Water quality in the open ocean is excellent, with high water clarity, low concentrations of suspended 36 
matter, dissolved oxygen concentrations at or near saturation, and low concentrations of contaminants 37 
such as trace metals and hydrocarbons (USN, 1998). 38 
 39 
Ocean Sediments 40 
Because a relatively small land area drains into the Pacific, and because of the ocean’s immense size, 41 
most sediments are authigenic (formed at the site) or pelagic (clay and shell fragments that settle through 42 
the water column) in origin.  Terrigenous sediments (formed by erosion) are confined to narrow marginal 43 
bands close to land (USAF, 2006a). 44 
 45 
Regional Geology 46 
The floor of the Pacific Ocean is relatively uniform, with a mean depth of about 14,000 ft (4,270 m).  The 47 
major irregularities are extremely steep-sided, flat-topped submarine peaks known as seamounts.  The 48 
western part of the sea floor consists of mountain arcs that rise above the sea as island groups, such as the 49 
Solomon Islands and New Zealand, and deep trenches (USAF, 2006a).  The Philippine Sea Plate, situated 50 
west of the Marianas Islands in the Pacific Ocean, is surrounded by deep-sea trenches associated with 51 


Derived from Oceania-Maps, 2012 
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subducted tectonic slabs.  The Yap Trench constitutes a link between the Palau Trench, located east of 1 
Palau, and the Mariana Trench, a deep plate subduction zone that lies to the east along the Marianas 2 
Islands archipelago (Figure 3-3). 3 
The Mariana Trench contains some of the 4 
deepest known points in the global ocean 5 
and is recognized as the oldest place 6 
geologically on the floor of any ocean on 7 
earth (USFWS, 2012).  Guam, at the 8 
southern end of the Marianas Islands, sits at 9 
the edge of the overlap between the 10 
Philippine Sea Plate and the Pacific Plate.  11 
The Palau islands are the southern 12 
extension of the Kyushu-Palau Ridge, 13 
which trends north-to-south through the 14 
Philippine Sea Plate (Kobayashi, 2004). 15 
The Pacific Plate and West Caroline Basin 16 
are subducting beneath the Mariana and 17 
Yap trenches (Srdolias et al., 2004). 18 
 19 
The geologic origins of the Marianas 20 
Islands, which include Guam, are volcanic 21 
with uplift of surrounding coralline 22 
limestone (NAVFAC, 2010).  The islands 23 
of the State of Yap in Micronesia are 24 
composed mainly of uplifted metamorphic 25 
rocks derived from melange (extremely 26 
large, mappable-sized rocks) trapped in the 27 
Yap Trench and of volcanic rocks (Nedachi 28 
et al., 2001).  The islands of Palau  29 
originated within the Kyushu-Palau Ridge,  Figure 3-3  Tectonic Features With Directional Plate 30 
which includes a chain of extinct volcanoes       Movements Near the Proposed Impact Areas 31 
and uplifted coral. 32 
 33 
Protected Areas (Marine Sanctuaries and National Wildlife Refuges) 34 
Several marine sanctuaries are located near the proposed impacts sites: 35 
 36 


• Mariana Trench National Marine Monument and Wildlife Refuge, located east of the southern 37 
Mariana Islands 38 


• Micronesian Regional Shark Sanctuary, spans approximately 2 million square miles (5 million 39 
square km), consisting of the territorial waters of all Micronesian islands involved in an agreement 40 
including Micronesia, Territory of Guam, Palau, and the Northern Marianas and Marshall Islands.  41 
It became the world’s largest shark finning sanctuary in December 2012. 42 


• Pohnpei Marine Sanctuary and Wildlife Refuge, comprises eleven coastal marine sanctuaries 43 
around the island of Pohnpei within the FSM 44 


• Yap Manta Ray Sanctuary, within 12 nm (22 km) of the islands within the State of Yap in 45 
Micronesia 46 


• Palau Marine Mammals Sanctuary, within the EEZ of Palau (Figure 3-4) 47 
 48 
Of the listed protected areas, only the Palau Marine Mammal Sanctuary is within a targeted area for the 49 
MMIII ERFT missile components and has potential for effects from the Proposed Action activities. 50 


51 


PP  aa  cc  ii  ff  ii  cc      PP  ll  aa  tt  ee  


PP  hh  ii  ll  ii  pp  pp  ii  nn  ee    SS  ee  aa    PP  ll  aa  tt  ee  


Source: Kobayashi, 2004 
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3.4.1 Air Quality 1 
 2 
Studies in Pacific locations 3 
have shown seasonal variations 4 
in the concentrations of man-5 
made emissions, consisting of 6 
sulfate, nitrate, and dust.  Each 7 
spring, large quantities of 8 
pollution, aerosols, and mineral 9 
dust are carried eastward out of 10 
Asia and transported over a 11 
broad region of the northern 12 
Pacific Ocean.  Although an 13 
increasing trend in emission 14 
levels was occurring from the 15 
early 1980s to the mid-1990s, a 16 
more recent downward trend 17 
was recorded up through 2000 18 
(Husar, Prospero, and Stowe 19 
1997; Prospero, Olmez, and 20 
Ames, 2001).           Figure 3-4  Palau EEZ / Marine 21 
            Mammal Sanctuary Boundary 22 
 23 
Dominant during much of the year, trade winds effectively disperse air emissions at the proposed impact 24 
areas.  Winds generally are from the northeast at 9 to 16 miles per hour (14.5 to 26 kilometers per hour).  25 
The summer months, however, can bring relatively calm conditions (Windfinder, 2012).  Because of the 26 
lack of air-pollution sources, the dispersal of emissions by trade winds, and the lack of topographic 27 
features that inhibit dispersion, air quality in the BOA is considered excellent.  Unlike the continental US, 28 
tropospheric ozone is not a concern. 29 
 30 
3.4.2 Biological Resources 31 
 32 
Since marine species are the same or similar in all of the proposed impact areas, the discussion will be 33 
combined under one heading.  Species found in individual locations will be included as applicable. 34 
 35 
3.4.2.1 Major Laws and Regulations Governing Marine Biological Resources 36 
 37 
United States 38 
The Endangered Species Act of 1973 (ESA) (16 USC. 1531-1544, 87 Stat. 884, as amended) applies to 39 
Federal actions in two separate respects.  First, Section 7 of the US ESA requires Federal agencies to 40 
ensure proposed actions are not likely to jeopardize the continued existence of threatened or endangered 41 
species or result in the destruction or adverse modification of designated critical habitat.  Regulations 42 
implementing the US ESA require that to avoid this situation of jeopardizing the species' existence, the 43 
Federal agency is required to determine if threatened or endangered species are present in the area 44 
affected by the Proposed Action and consult with either or both of the appropriate resource agencies 45 
(NMFS or USFWS) when the agency proponent determines a Proposed Action may adversely affect a 46 
threatened or endangered species.  Secondly, Section 9 of the US ESA requires Federal agencies to obtain 47 
an incidental take statement from the responsible resource agency should a take (including harm or 48 
harassment) result from implementing the Proposed Action.  The US MMPA (16 USC. 1361, et seq.) 49 
gives the USFWS and NMFS co-authority and outlines prohibitions for the taking of marine mammals.  A 50 
take means to attempt to as well as to actually harass, hunt, capture, or kill any marine mammal.  Subject 51 


Source: PacIOOS, 2012 
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to certain exceptions, the Act establishes a moratorium on the taking and importation of marine mammals.  1 
Exceptions to the taking prohibition allow USFWS and NMFS to authorize the incidental taking of small 2 
numbers of marine mammals in certain instances. 3 
 4 
Guam Territory 5 
Pursuant to Section 6 of the US ESA, a cooperative agreement exists between the Guam Government 6 
Department of Agriculture, Division of Aquatic and Wildlife Resources (DAWR) and the USFWS and 7 
NMFS that provides for funding and implementation of programs for endangered species research and 8 
recovery.  The DAWR administers the Endangered Species Act of Guam (Guam Public Law 15-36:1) and 9 
the Fish, Game, Forestry, and Conservation Act (5 Guam Code Annotated [GCA] 63101-63117), which 10 
mandates control and regulation of fish and game in and about Guam.  The US MMPA protects all marine 11 
mammals found in the waters of Guam.  Other Guam Government resource agencies have specific 12 
mandates in relation to marine mammal conservation.  The Bureau of Statistics and Plans administers the 13 
Guam Coastal Management Plan through the Coastal Zone Management Act of 1972 (Guam Public Law 14 
92-583 and Public Law 94-370).  It guides the use, protection, and development of land and ocean 15 
resources within the coastal zone, which includes all non-federal property and all submerged lands and 16 
waters out to 3 nm (6 km) from the shoreline. 17 
 18 
Federated States of Micronesia 19 
Pursuant to the Constitution of the FSM in Article 1, FSM asserts marine jurisdiction of 200 nm (370 km) 20 
outward from its baselines.  FSM shares maritime boundaries with the ROP, Papua New Guinea, 21 
Republic of the Marshall Islands, and the US (Guam).  Article IX expressly empowers the National 22 
Government to regulate natural resources beyond the territorial seas and throughout the FSM EEZ.  Under 23 
the FSM COFA with the US, the US shall apply the NEPA to its activities under the Compact and its 24 
related agreements as if the FSM were the US. 25 
 26 
Republic of Palau 27 
Under Article 1 of the Constitution of the ROP, the National Government asserts marine jurisdiction of 28 
200 nm (370 km) outward from its baselines (i.e., within the EEZ).  The National Government is 29 
responsible for marine conservation extending throughout its EEZ.  Section 163(a) of the COFA with the 30 
US requires the US to apply environmental standards substantively similar to those in effect on the day 31 
proceeding the effective date of the COFA.  However, MMIII testing activities do not rise to the level of 32 
those requiring an EIS and thus Section 163 does not apply. 33 
 34 
3.4.2.2 Noise and Biological Resources 35 
 36 
The affected noise environment in the BOA would be similar in nature and overall level as that described 37 
in Section 3.3.3, however more widespread.  Natural noise sources include waves, earthquakes, 38 
precipitation, and lightning storms, whereas manmade source include commercial shipping, sonar 39 
systems, DOD test activities and training maneuvers, and oceanographic research (USAF, 2006b).  The 40 
sound of thunder, one of the loudest sounds expected here, can register up to 120 dB (Vavrek et al., 41 
2008). 42 


43 
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3.4.2.3  Biological Species 1 
 2 
The biological resources potentially in the BOA ROI are described below.  Pelagic organisms are those 3 
living at or near the surface, free floating in the open ocean; benthic organisms dwell on the ocean floor.  4 
Planktonic species (drifting microscopic organisms) also are located in the ROI but because of their 5 
abundance, their wide distribution, and the protective influence of the mass of the Pacific Ocean around 6 
them, they are unlikely to be affected by the Proposed Action and therefore are not described.  The ROI 7 
for open ocean species includes the areas of the Pacific Ocean 12 nm (22 km) beyond the closest shore to 8 
the proposed impact areas.  The species occurrences and descriptions are applicable to Guam, Micronesia, 9 
Palau, and the regional open ocean.  Table 3-1 provides a list of marine species protected under the US 10 
ESA and US MMPA (“Listed”) known or expected to occur within the ROI. 11 
 12 


Table 3-1  Listed Species Known or Expected to Occur within the Proposed Impact Areas 
Scientific Name Common Name Federal Status 


Fish   


Sphyrna lewini Scalloped hammerhead shark C 


Reptiles   


Chelonia mydas Green sea turtle T 


Eretmochelys imbricata Hawksbill sea turtle E 
Dermochelys coriacea Leatherback sea turtle E 


Caretta caretta Loggerhead sea turtle* E 


Lepidochelys olivacea Olive ridley sea turtle T 


Mammals   


Balaenoptera musculus Blue whale E 


Balaenoptera physalus Fin whale E 


Megaptera novaengliae Humpback whale E 


Balaenoptera borealis Sei whale E 


Physeter macrocephalus Sperm whale E 


Pseudorca crassidens False killer whale C 


Berardius bairdi Blainville’s beaked whale MMPA 


Tursiops truncatus Bottlenose dolphin MMPA 


Balaenoptera edeni Bryde's whale MMPA 


Ziphius cavirostris Cuvier's beaked whale MMPA 


Phocoenoides dalli Dall’s porpoise MMPA 


Kogia sima Dwarf sperm whale MMPA 


Lagenodelphis hosei Fraser’s dolphin MMPA 


Mesoplodon ginkgodens Ginkgo-toothed beaked whale MMPA 


Orcinus orca Killer whale MMPA 


Indopacetus pacificus Longman’s beaked whale MMPA 


Peponocephala electra Melon-headed whale MMPA 


Balaenoptera acutorostrata Minke whale MMPA 


Lagenorhynchus obliquidens Pacific white-sided dolphin MMPA 


Stenella attenuata Pantropical spotted dolphin MMPA 


Feresa attenuata Pygmy killer whale MMPA 
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Kogia breviceps Pygmy sperm whale MMPA 


Grampus griseus Risso's dolphin MMPA 


Steno bredanensis Rough-toothed dolphin MMPA 


Delphinus delphinus Short-beaked common dolphin MMPA 


Globicephala macrorhynchus Short-finned pilot whale MMPA 


Stenella longirostris Spinner dolphin MMPA 


Stenella coeruleoalba Striped dolphin MMPA 
Source: NMFS, 2012; Commander, US Pacific Fleet, Executive Agent, 2010 1 
Key to Federal Status: C = Candidate; T = Threatened; E = Endangered; MMPA = Protected Under the US Marine Mammal Protection Act 2 
* Endangered as part of the North Pacific Ocean Distinct Population Segment 3 
 4 
Fish 5 
In the Pacific Ocean, some of the most common pelagic fish include swordfish, tuna, billfish, mahi mahi, 6 
and oceanic shark.  Marlin, sailfish, and spearfish species are abundant in the open ocean.  Knowledge of 7 
the status of most large pelagic fishes is poor because of these species’ wide migratory ranges and the 8 
absence of a Pacific wide international organization to monitor stocks (Commander, US Pacific Fleet, 9 
Executive Agent, 2010).  In general, the western portion of the Pacific Ocean tends to have a lower 10 
incidence of fully exploited, overexploited, depleted, or recovering fish stocks, and a prevalence of 11 
underexploited or moderately exploited stocks.  This region also has a high incidence of stocks whose 12 
state of exploitation is unknown or uncertain and for which overall production estimates are consequently 13 
less reliable.  NOAA Fisheries, regional Fishery Management Councils, and Federal and state agencies in 14 
the US work together to address these threats by identifying Essential Fish Habitat (EFH) for each US 15 
Federally managed fish species and developing conservation measures to protect and enhance these 16 
habitats.  An EFH encompasses all habitats that contribute to the health, life, and reproduction of a given 17 
fish species. 18 
 19 
The cartilaginous fishes are important parts of the marine ecosystem, and many species are top predators.  20 
The cartilaginous fishes, or elasmobranchs, include sharks and rays and their relatives.  While there have 21 
been some studies on their hearing, there have not been extensive studies.  Available data suggests 22 
detection of sounds from 0.02 to 1 kilohertz (kHz), with best sensitivity at lower ranges.  Though fewer 23 
than ten elasmobranch species have been tested for hearing thresholds, it is likely all elasmobranchs only 24 
detect low frequency sounds because they lack a swim bladder or other pressure detector to amplify 25 
sound, allowing detection at higher sound frequencies and at lower sound levels.  At the same time, the 26 
ear in a number of elasmobranch species whose hearing has not been tested is very large with numerous 27 
sensory hair cells.  Thus, it is possible future studies will demonstrate somewhat better hearing in those 28 
species than is now known (Popper, 2008). 29 
 30 
There also is evidence elasmobranchs can detect and respond to human-generated sounds.  Myrberg and 31 
colleagues did experiments in which they played back sounds and attracted a number of different shark 32 
species to the sound source.  The results of these studies showed sharks were attracted to pulsed low-33 
frequency sounds (below several hundred Hertz [Hz]), in the same frequency range of sounds as might be 34 
produced by struggling prey (or divers in the water).  However, sharks are not known to be attracted by 35 
continuous signals or higher frequencies (Popper, 2008). 36 
 37 
Scalloped Hammerhead Shark (Sphyrna lewini) 38 
The scalloped hammerhead shark is currently a candidate species for listing under the US ESA.  The 39 
following information comes from the 11 August 2011 petition for listing for this species, “Petition To 40 
List the Scalloped Hammerhead Shark (Sphyrna lewini) Under the US Endangered Species Act Either 41 
Worldwide or as One or More Distinct Population Segments”. (WildEarth Guardians and Friends of 42 
Animals, 2011) 43 
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The scalloped hammerhead is the second largest hammerhead shark, with a maximum total length of 1 
about 12 to 14 ft (4 to 4.3 m).  The scalloped hammerhead shark can be distinguished from other 2 
hammerheads by its unique head.  The scalloped hammerhead shark has a central indentation of the head, 3 
followed by two more, one on each side of the center which gives the hammer-shaped head a “scalloped” 4 
appearance. (WildEarth Guardians and Friends of Animals, 2011) 5 
 6 
The scalloped hammerhead shark is a long-lived species, with the oldest known individuals estimated at 7 
30.5 years for both males and females.  Female scalloped hammerhead sharks move inshore to give birth 8 
during summer months.  Predation on the pups is high, primarily by other sharks and adult scalloped 9 
hammerhead sharks, perhaps explaining the species’ larger litter size relative to other sharks.  Despite its 10 
relatively high reproductive rate, the species struggles to recover from exploitation compared to other 11 
shark species. (WildEarth Guardians and Friends of Animals, 2011) 12 
 13 
The scalloped hammerhead shark is a coastal and semi-oceanic pelagic shark.  It is found over continental 14 
and insular shelves, as well as ranging into adjacent deep water.  Scalloped hammerhead sharks range 15 
from intertidal inshore areas and estuaries to offshore waters up to depths of 900 ft (274 m).  Juveniles 16 
live in inshore areas, migrating out to deeper waters as they grow.  Adults are known to aggregate at 17 
seamounts and islands.  Adults occur alone, in pairs, or in small schools, while juveniles gather in large 18 
schools.  Exact estimates of the global population of scalloped hammerhead sharks do not exist. 19 
(WildEarth Guardians and Friends of Animals, 2011) 20 
 21 
The scalloped hammerhead shark lives in temperate and tropical seas along coastal zones and in deep 22 
water adjacent to them.  Scalloped hammerhead sharks rarely venture into waters cooler than 72°F 23 
(22°C).  Known populations in the western portion of the Pacific Ocean occur in Thailand, Vietnam, 24 
Indonesia, China, Japan, Philippines, Australia, and New Caledonia.  Scalloped hammerhead sharks in the 25 
Pacific and Indian Oceans may comprise one Distinct Population Segment (DPS) each. (WildEarth 26 
Guardians and Friends of Animals, 2011) 27 
 28 
Fishing, both historic and current, is the main cause of depleted scalloped hammerhead shark populations. 29 
The shark has a very high commercial value, especially its fins, which, when combined with its slow rate 30 
of reproduction, makes the species highly vulnerable to exploitation.  While scalloped hammerhead 31 
sharks are mainly valued for their fins, the species also is economically valuable for other reasons.  The 32 
shark’s flesh is sold in various forms as food, the hides are valued, and the remainder is used for vitamins 33 
and fishmeal. (WildEarth Guardians and Friends of Animals, 2011) 34 
 35 
The US already has recognized the need to protect the scalloped hammerhead shark against 36 
overutilization.  Recently, the United States and Palau submitted a proposal to place three species of 37 
hammerhead shark on the Endangered Species list, including the scalloped hammerhead, under 38 
Convention on International Trade in Endangered Species (CITES).  However, the proposal was not 39 
ratified since it failed to receive a required two-thirds majority vote from CITES signatories.  40 
Nevertheless, the proposal indicates the US has recognized overutilization is a threat to the scalloped 41 
hammerhead shark and existing regulatory mechanisms are inadequate to conserve the species. 42 
(WildEarth Guardians and Friends of Animals, 2011) 43 
 44 
Sea Turtles 45 
Information in this section is taken from the Recovery Plan for US Pacific Populations of the Green 46 
Turtle (NMFS and USFWS, 1998a), Green Sea Turtle (Chelonia mydas) 5-Year Review: Summary and 47 
Evaluation (NMFS and USFWS, 2007), and Recovery Plan for US Pacific Populations of the Hawksbill 48 
Turtle (Eretmochelys imbricata) (NMFS and USFWS, 1998b), Hawksbill Sea Turtle (Eretmochelys 49 
imbricata) 5-Year Review: Summary and Evaluation (NMFS and USFWS, 2007), unless otherwise noted. 50 
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Sea turtles are long-lived reptiles found throughout the world’s tropical, subtropical, and temperate seas 1 
(Caribbean Conservation Corporation and Sea Turtle Survival League, 2003).  There are seven living 2 
species of sea turtles from two distinct families, the Cheloniidae (hard-shelled sea turtles; six species) and 3 
the Dermochelyidae (leatherback sea turtles; one species).  These two families can be distinguished from 4 
one another on the basis of their carapace (upper shell) and other morphological features.  Six of the 5 
seven living species of sea turtles occur in the US; five of the seven are known to occur in the subtropical 6 
seas of the Pacific Ocean: loggerhead (Caretta caretta), leatherback (Dermochelys coriacea), green 7 
(Chelonia mydas), olive ridley (Lepidochelys olivacea), and hawksbill (Eretmochelys imbricata).  Table 8 
3-1 provides a list of sea turtles potentially in the proposed impact areas.  Sea turtles are an important 9 
marine resource; they provide economic, non-use value to humans (Witherington and Frazer, 2003).  10 
Over the last few centuries, global sea turtle populations have declined dramatically due to human-related 11 
activities such as coastal development, oil exploration, commercial fishing, marine-based recreation, 12 
pollution, and over-harvesting (National Research Council, 1990; Eckert, 1995).  As a result, all of the 13 
species of sea turtles occurring in the US and in the subtropical Pacific Ocean are listed as threatened or 14 
endangered and are discussed below.  Most available data are associated with tropical islands, not the 15 
open ocean where proposed impacts are targeted. 16 
 17 
Green sea turtle (Chelonia mydas) 18 
The US Federally and internationally protected threatened green sea turtle is the largest-sized member of 19 
the marine turtle family Cheloniidae and is found throughout the Pacific, Indian, and Atlantic Oceans and 20 
the Mediterranean Sea.  Green sea turtles are distinguished from other sea turtles by their smooth 21 
carapace with four pairs of lateral scutes, a single pair of prefrontal scutes, and a coarsely serrated lower 22 
jaw edge.  Adult green sea turtles may weigh more than 220 lb (99 kg) and exceed three ft (1 m) in 23 
carapace length.  The common name of this species refers to the green color of its subdermal fat.  The 24 
carapace color of adult green sea turtles ranges from light to dark brown, sometimes with an olive cast, 25 
radiating or wavy lines, and/or dark blotches. 26 
 27 
Throughout their range, adult green sea turtles typically are resident in foraging areas (e.g., seagrass or 28 
macro-algae habitats of less than 650 ft [200 m] depths).  Periodically, turtles migrate long distances to 29 
breeding areas.  Based on growth rates observed in wild green sea turtles, females are thought to reach 30 
sexual maturity at 25 years of age or later.  Reproductive females generally nest every year but may skip 31 
years.  Adult males may migrate and breed every year. 32 
 33 
Green sea turtles prefer areas where surface water temperatures are no lower than about 68°F (20°C) in 34 
the coldest month; for example, during warm spells (e.g., EI Niño) green sea turtles may be found 35 
considerably north of their normal distribution.  Based on the behavior of post-hatchlings and juveniles 36 
raised in captivity, it is presumed those in pelagic habitats live and feed at or near the ocean surface, and 37 
that their dives do not normally exceed several feet in depth (NMFS and USFWS, 1998a). 38 
 39 
The green sea turtle is a circumglobal species found in tropical seas and, to a lesser extent, in subtropical 40 
waters with temperatures above 68°F (20°C).  Worldwide distribution has been described at length.  The 41 
pelagic range of post-hatchling and juvenile green sea turtles in the insular Pacific region is not known.  A 42 
similar situation exists for all sea turtle populations worldwide.  There are three inherent problems which 43 
impede research of pelagic-phase sea turtles.  First, the whereabouts of the sea turtles are not known, 44 
although generally they are assumed to be at or near the ocean surface along drift lines where surface 45 
waters are brought together by advection and downwelling (sinking of cold water).  Secondly, once the 46 
pelagic locations of the sea turtles have been identified, there are problems in devising an efficient and 47 
safe sampling technique for statistically significant numbers of sea turtles to be captured.  Lastly, a means 48 
to determine the origin of the sea turtles with respect to the nesting beaches where they were hatched 49 
would be needed.  Some advances in genetics research already have been made in this area. 50 
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Green turtles are the most abundant sea turtle found throughout the Marianas archipelago.  Importantly, 1 
there are no data to indicate green turtles within the region are in decline.  However, and in contrast, many 2 
green turtle nesting populations in the Atlantic and Pacific Oceans are actually on the increase or stable as 3 
a result of direct conservation action.  Long-term information regarding nesting population trends in 4 
Guam or CNMI is not available.  There is, however, indication the Marianas may provide more important 5 
foraging near shore habitat than nesting.  Aerial surveys conducted by the Guam DAWR indicate the 6 
presence of a year-round resident population in Guam’s nearshore waters (NMFS and USFWS, 1998a).  7 
Aggregations of foraging and resting green turtles are often seen in proximity to Guam’s well-developed 8 
seagrass beds and reef flats, which are found both nearshore and in deeper waters south of Falcona Beach 9 
(near the northwest end of Guam)and at several other locations throughout the island’s shelf 10 
(Commander, US Pacific Fleet, Executive Agent, 2010). 11 
 12 
The primary threats to green turtles at Guam and the CNMI include direct harvesting of sea turtles and 13 
eggs as well as habitat loss due to rapidly expanding tourism, including increased coastal development on 14 
nesting beaches (NMFS and USFWS 1998a).  The size of the green turtle population in the Pacific Ocean 15 
was estimated at about 21,000 adults in 2001 (Commander, US Pacific Fleet, Executive Agent, 2010). 16 
 17 
Hawksbill Turtle (Eretmochelys imbricata)   18 
The hawksbill turtle is listed as endangered under the US ESA.  The hawksbill sea turtles are recognized 19 
by their relatively small size (carapace length less than three ft [0.9 m]), narrow head with tapering beak, 20 
and strongly serrated posterior margin of the carapace and thick, overlapping shell scutes.  A lack of 21 
regular quantitative surveys for hawksbill turtles in the Pacific Ocean and the discrete nature of this 22 
species’ nesting have made it extremely difficult for scientists to assess the distribution and population 23 
status of hawksbills in the region (NMFS and USFWS, 1998b; Seminoff et al., 2003). 24 
 25 
The hawksbill sea turtle is threatened with extinction throughout its range.  It is considered universally 26 
endangered in the International Union for Conservation of Nature (IUCN) Red List and is included in 27 
Appendix 1 of CITES (most endangered).  The hawksbill sea turtle is protected as an endangered species 28 
under the US ESA, for Pacific territories (Guam and American Samoa) and commonwealths (Northern 29 
Marianas Islands) of the United States and for certain independent states, such as the Republic of the 30 
Marshall Islands, Micronesia, and Palau through cooperative agreements. 31 


 32 
The hawksbill sea turtle has the potential to be a long range migrant.  It is likely adult hawksbill sea 33 
turtles will perform regular migratory movements among a preferred nesting beach, a breeding ground, 34 
and a persistent foraging territory.  The distances between these territorial sites vary greatly and appear to 35 
be of random length among individuals.  The geographic proximity of an adult's foraging habitat in 36 
relation to its natal beach is not known, and the same must be said for juveniles as well.  Once a foraging 37 
or nesting site is chosen, hawksbill sea turtles tend to be persistent in the continuing use of that site.  38 
However, hawksbill sea turtles can move long distances, and it possible nesting and foraging animals 39 
observed in such localities as Palau or Saipan have potential home ranges extending throughout the 40 
islands of Micronesia and Melanesia and even the waters of the Philippines, Indonesia, and Australia. 41 
 42 
Leatherback Turtle (Dermochelys coriacea)  43 
Leatherback turtles are listed as endangered under the US ESA and are critically endangered with 44 
extinction in the Pacific Ocean.  The leatherback turtle is the largest-sized living sea turtle.  There are few 45 
quantitative data available concerning the seasonality, abundance, or distribution of leatherbacks in the 46 
North Pacific Ocean.  The leatherback typically is not associated with insular habitats, such as those 47 
characterized by coral reefs, yet individuals occasionally are encountered in deep ocean waters near 48 
prominent archipelagos and their associated reefs, such as the Hawaiian Islands (Eckert, 1993).49 
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The leatherback turtle is distributed worldwide in tropical and temperate waters of the Atlantic, Pacific, 1 
and Indian Oceans.  Recent estimates of global nesting populations indicate 26,000 to 43,000 nesting 2 
females annually, which is a dramatic decline from the 115,000 estimated in 1980.  This is due to 3 
exponential declines in leatherback nesting that have occurred over the last two decades along the Pacific 4 
coasts of Mexico and Costa Rica.  Many populations in the Indian and Pacific Oceans have continued to 5 
decline with recent nesting data from a variety of sources indicating a population of adult females in these 6 
areas numbering less than a few thousand.  About 600 to 650 females nest per year in West Papua 7 
(Commander, US Pacific Fleet, Executive Agent, 2010). 8 
 9 
Throughout their lives, leatherbacks are essentially oceanic, yet they enter into coastal waters for foraging 10 
and reproduction.  There is limited information available regarding the habitats used by hatchling and 11 
early juvenile leatherback turtles as these age classes are entirely oceanic.  These life stages are restricted 12 
to waters greater than 79°F (26°C) and, therefore, they spend much time in tropical waters.  Late juvenile 13 
and adult leatherback turtles are known to range from mid-ocean to continental shelf and nearshore waters 14 
in the Northern Marianas Islands (Commander, US Pacific Fleet, Executive Agent, 2010). 15 
 16 
Of the three sea turtle species sighted around Guam and the Northern Marianas Islands during marine 17 
surveys, the leatherback turtle is the least common (USN, 2003), with only a few occurrence records 18 
existing (Eckert et al., 1999; Wiles et al., 1995).  Recent NOAA satellite tracking of leatherback turtles 19 
departing from nesting habitats in West Papua seem to transit through Marianas Islands Range Complex 20 
(MIRC) waters.  Leatherback turtles do not nest at any of the islands in Micronesia (Commander, US 21 
Pacific Fleet, Executive Agent, 2010). 22 
 23 
Loggerhead Turtle (Caretta caretta)  24 
The loggerhead turtle is a large, hard-shelled sea turtle.  The North Pacific Ocean distinct population 25 
segment is listed as endangered under the US ESA.  The North Pacific loggerhead turtle population nests 26 
exclusively in Japan where a 50 to 90 percent decrease has been documented.  It is probable that fewer 27 
than 1,000 females breed annually in Japan.  Although the nesting trend since 2001 has been upward, the 28 
population continues to face impacts from directed hunting, coastal development, light pollution, beach 29 
armoring, and incidental capture in coastal and pelagic fisheries (Commander, US Pacific Fleet, 30 
Executive Agent, 2010). 31 
 32 
The loggerhead turtle occurs worldwide in temperate and tropical habitats ranging from coastal estuaries 33 
to waters far beyond the continental shelf.  The species may be found hundreds of miles out to sea, as well 34 
as in inshore areas such as bays, ship channels, and the mouths of large rivers.  The juvenile stage and 35 
adult foraging stage both occur in the neritic or nearshore zone.  Coral reefs, rocky places, and shipwrecks 36 
are often used as feeding areas.  The loggerhead turtles in the west Pacific Ocean are active and feed 37 
primarily on the bottom, though prey also is captured throughout the water column.  Tagging data 38 
revealed migratory routes may be coastal or may involve crossing deep ocean waters; an oceanic route 39 
may be taken even when a coastal route is an option (Commander, US Pacific Fleet, Executive Agent, 40 
2010). 41 
 42 
Pacific loggerhead turtles appear to use the entire North Pacific Ocean during the course of development, 43 
much like Atlantic loggerheads use the north Atlantic Ocean.  There is evidence both stocks make two 44 
separate transoceanic crossings: the first (west to east) is made immediately after hatching, while the 45 
second (east to west) is made upon reaching either the late juvenile or adult life stage.  Occurrences of this 46 
species are documented in the waters off Palau and the Philippines (Commander, US Pacific Fleet, 47 
Executive Agent, 2010).48 
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Olive Ridley Turtle (Lepidochelys olivacea) 1 
The olive ridley turtle, named for its olive green-colored shell, is listed as threatened under the US ESA, 2 
except for the Mexican nesting population, which is listed as endangered.  Even though there are no 3 
current estimates of worldwide abundance, the olive ridley turtle is still considered the most abundant of 4 
the world’s sea turtles.  However, the number of olive ridley turtles occurring in US territorial waters is 5 
believed to be small. (NMFS and USWS, 1998c) 6 
 7 
The olive ridley is mainly a pelagic sea turtle, but it has been known to inhabit coastal areas, including 8 
bays and estuaries.  Olive ridley turtles mostly breed annually and have an annual migration from pelagic 9 
foraging to coastal breeding and nesting grounds and back to pelagic foraging.  Population growth rate 10 
parameters calculated for the primary nesting site of Mexico indicate a negligible risk of extinction over 11 
the next several decades, given that current conservation practices are continued (Snover, 2005).  Trans-12 
Pacific ships have observed olive ridley turtles over 2,400 mi (4,000 km) from shore.  Only one olive 13 
ridley record exists for Guam and the Northern Marianas Islands, an alleged capture in the waters near 14 
Saipan.  The exact location of this capture is unknown.  In-water sightings of this species have occurred 15 
within the Yap and Palau vicinities. (Commander, US Pacific Fleet, Executive Agent, 2010) 16 
 17 
Marine Mammals 18 
This section provides information about marine mammals that may reside in, or transit through, the 19 
general region of the proposed impact sites.  Marine mammals include a diverse assemblage of animals 20 
uniquely adapted for life in the sea.  Cetaceans (whales, dolphins, and porpoises) commonly are divided 21 
into two groups: those with teeth for grasping prey (odontocetes), and those that use baleen to filter prey 22 
from seawater (mysticetes).  Pinnipeds (seals and sea lions) are somewhat less marine-adapted in that they 23 
routinely haul out onto land to breed and molt; consequently, they are not included in the analysis.  24 
Mustelids (sea otters) also are not likely to be found in the impact areas and are not included in this 25 
analysis.  Twenty-six species of marine mammals occur in the western portion of the Pacific Ocean, with 26 
three as strays, and two restricted to the subarctic and transitional waters of the northern Pacific, occurring 27 
only within the region at the northern-most Hawaiian Ridge seamounts and islands (USGS, 2003). 28 
 29 
All marine mammals are protected from take in US waters or by US citizens in international waters by the 30 
US Marine Mammal Protection Act (MMPA; 16 USC 1361 et seq.).  Additionally, several marine 31 
mammal species occurring in the project area are US ESA-listed candidate, threatened, or endangered.  32 
Descriptions of listed marine mammal species in Table 3-1 are provided below.  Descriptions of those 33 
species protected by the US MMPA are provided in Appendix A. 34 
 35 
Blue Whale (Balaenoptera musculus) 36 
The blue whale is listed as endangered under the US ESA and as depleted under the US MMPA (NMFS, 37 
1998).  Widespread whaling over the last century is believed to have decreased the population to 38 
approximately 1 percent of its pre-whaling population size (Sirovic et al., 2004).  The stock of blue 39 
whales includes animals found from the northern Gulf of Alaska to the eastern tropical Pacific (Carretta et 40 
al., 2010). 41 
 42 
The blue whale inhabits all oceans and normally occurs over the continental shelf near the coast though it 43 
also is found in oceanic waters.  Blue whales travel alone or with one to two other individuals.  Calving 44 
occurs in tropical and subtropical waters (Jefferson et al., 2008). 45 
 46 
This species preys almost exclusively on various types of zooplankton, mainly krill.  They lunge feed and 47 
consume approximately 6 tons (5,500 kilograms) of krill per day (Pitman et al., 2007).  They sometimes 48 
feed at depths greater than 330 ft (100 m), where their prey maintains dense groupings (Acevedo-49 
Gutiérrez et al., 2002). 50 
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While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 1 
have acute infrasonic hearing.  Based on vocalizations and anatomy, blue whales are assumed to 2 
predominantly hear low-frequency sounds below 400 Hz (Croll et al., 2001; Oleson et al., 2007).  In terms 3 
of functional hearing capability, blue whales belong to the low-frequency group, with hearing ranging 4 
from 12 to 400 Hz, with dominant energy in the infrasonic range at 12 to 25 Hz (Southall et al., 2007; 5 
Ketten, 1998; Mellinger and Clark, 2003).  Experts assume blue whales are able to receive sound signals 6 
in roughly the same frequencies as the signals they produce.  This suggests blue whales, like other baleen 7 
whales, are more likely to have their best hearing capacities at low frequencies, including frequencies 8 
lower than those of normal human hearing, rather than at mid- to high-frequencies (Ketten, 1997). 9 
 10 
Fin Whale (Balaenoptera physalus) 11 
The fin whale has a worldwide distribution, but is listed as endangered under the US ESA and as depleted 12 
under the US MMPA.  The fin whale is found in all the world’s oceans and is the second largest species 13 
of whale (Jefferson et al., 2008).  There are an estimated 140,000 fin whales globally, and they are 14 
relatively abundant in the Pacific Ocean (Mizroch et al., 2009).  Fin whales are rare in waters in the 15 
vicinity of Wake Island and Guam.  The Pacific fin whale population structure is not well known.  There 16 
is a California, Oregon, and Washington stock recognized, as well as a separate stock in the Gulf of 17 
California (Carretta et al., 2010). 18 
 19 
This species uses a variety of habitats and is highly adaptable (Azzellino et al., 2008; Panigada et al., 20 
2008).  They prefer temperate and polar waters and are scarcely seen in tropical waters (Reeves et al., 21 
2002).  Fin whales are often seen close to shore after periodic patterns of upwelling of cool water and the 22 
resultant increased krill density (Azzellino et al., 2008). 23 
 24 
Humpback Whale (Megaptera novaengliae) 25 
Humpback whales are endangered under the US ESA and depleted under the US MMPA.  There are an 26 
estimated 35,000 to 40,000 humpback whales globally.  In the ROI, this estimate includes about 6,000 to 27 
8,000 in the North Pacific Ocean.  Some stocks apparently still are depleted from whaling, but most are 28 
showing strong evidence of recovery (Calambokidis and Barlow, 2004).  In the US North Pacific Ocean, 29 
the stock structure of humpback whales is defined based on feeding areas because of the species’ fidelity 30 
to feeding grounds (Carretta et al., 2010). 31 
 32 
Humpback whales are distributed in all major oceans and most seas.  They normally are found during the 33 
summer on high latitude feeding grounds and during the winter in the tropics and subtropics around 34 
islands, over shallow banks, and along continental coasts, where calving occurs.  Most humpback whale 35 
sightings are in nearshore and continental shelf waters; however, humpback whales frequently travel 36 
through deep oceanic waters during migration (Calambokidis et al., 2001). 37 
 38 
Humpback feeding habitats typically are shallow banks or ledges with high seafloor relief (Hamazaki, 39 
2002).  On breeding grounds, females with calves occur in significantly shallower waters than other 40 
groups of whales, and breeding adults use deeper more offshore waters (Ersts and Rosenbaum 2003; 41 
Smultea, 1994).  Humpback whales feed on a variety of invertebrates and small schooling fishes, both at 42 
the surface and in deeper waters.  Humpbacks spend most of their time in the upper 395 ft (120 m) of the 43 
water column on the feeding grounds (Dietz et al., 2002). 44 
 45 
In terms of functional hearing capability, humpback whales are considered low-frequency cetaceans, with 46 
hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  Houser et al. (2001) produced a predicted 47 
humpback whale audiogram using a mathematical model based on the internal structure of the ear.  48 
Estimated sensitivity was from 700 Hz to 10 kHz, with maximum relative sensitivity between 2 and 6 49 
kHz.  The ability of humpbacks to hear frequencies around 3 kHz may have been demonstrated in a 50 
playback study.  Maybaum (1989) reported humpback whales showed a mild response to a handheld 51 
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sonar detection and location device with frequency of 3.3 kHz at 219 dB re 1 micropascal-meter (μPa-m) 1 
or frequency sweep of 3.1 to 3.6 kHz. 2 
 3 
Sei Whale (Balaenoptera borealis) 4 
The sei whale is endangered under the US ESA and depleted under the US MMPA.  Only a single eastern 5 
North Pacific Ocean stock is recognized in the US Pacific EEZ (Carretta et al., 2010).  Some research 6 
indicates more than one stock exists: one between 175° West (W, longitude measured East [E] or West 7 
from the Prime Meridian), and 155°W and another east of 155°W (Carretta et al., 2010). 8 
 9 
Sei whales have a worldwide distribution and are found primarily in cold temperate to subpolar latitudes.  10 
During the winter, sei whales are found from 20°N to 23°N and during the summer from 35°N to 50°N 11 
(Horwood, 2009; Smultea et al., 2010).  They are considered absent or at very low densities in most 12 
equatorial areas and therefore are unlikely to be present in high numbers in the ROI. 13 
 14 
Sei whales appear to prefer regions of steep bathymetric relief, such as the continental shelf break, 15 
canyons, or basins between banks and ledges (Best and Lockyer, 2002; Gregr and Trites, 2001).  Sei 16 
whales spend the summer feeding in high subpolar latitudes and return to lower latitudes to calve in 17 
winter.  Feeding occurs primarily around dawn, which appears to be correlated with vertical migrations of 18 
prey species (Horwood, 2009).  The sei whale typically skims to obtain its food, but occasionally does 19 
some lunging and gulping (Horwood, 2009). 20 
 21 
While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 22 
have acute infrasonic hearing.  In terms of functional hearing capability, sei whales belong to the group of 23 
low-frequency cetaceans with the best hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  There 24 
are no tests or modeling estimates of specific sei whale hearing ranges. 25 
 26 
Sperm Whale (Physeter macrocephalus) 27 
The sperm whale has been endangered since 1970 under the precursor to the US ESA and is considered 28 
depleted under the US MMPA.  Sperm whales are the largest of the toothed whales, with males 29 
considerably larger than females (NOAA, 2012).  Sperm whales are divided into three stocks in the 30 
Pacific Ocean.  Sperm whales are somewhat migratory with general shifts occurring during the summer 31 
for feeding and breeding.  However, in some tropical areas, sperm whales appear to be largely resident 32 
(Rice, 1989; Whitehead, 2003; Whitehead et al., 2008).  Sperm whales socialize for predator defense and 33 
foraging, feeding on squid and other cephalopods and bottom-dwelling fish and invertebrates (Davis et 34 
al., 2007; Rice, 1989). 35 
 36 
Sperm whales tend to inhabit areas at least 1,968 ft (600 m) deep, and are uncommon in waters less than 37 
984 ft (300 m) deep.  Females generally are found in waters at least 3,280 ft (1,000 m) deep of low 38 
latitudes (less than 40°N or S from the Equator, except in the North Pacific where they are found as high 39 
as 50°N).  These conditions generally correspond to sea surface temperatures greater than 59°F (15°C), 40 
and while female sperm whales are sometimes seen near oceanic islands, they usually are far from land 41 
(NOAA, 2012). 42 
 43 
Sperm whales produce short-duration (generally less than 3 seconds) broadband clicks (100 Hz to 30 44 
kHz), with dominant energy in two bands, 2 to 4 kHz and 10 to 16 kHz.  Generally, most of the acoustic 45 
energy is present at frequencies below 4 kHz, although diffuse energy up to and past 20 kHz has been 46 
reported (Thode et al., 2002).  The source levels can be up to 236 dB re 1 µPa-m (Møhl et al., 2003).  47 
Thode et al. (2002) suggested the acoustic directivity (angular beam pattern) from sperm whales must 48 
range between 10 and 30 dB in the 5 to 20 kHz region.  The clicks of newborn sperm whales are very 49 
different from usual clicks of adults; they are of low directionality, long duration, and low-frequency 50 
(centroid frequency between 300 and 1,700 Hz) with estimated source levels between 140 and 162 dB re 51 
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1 µPa-m (Madsen et al., 2003).  Clicks are heard most frequently when sperm whales are engaged in 1 
diving/foraging behavior (Whitehead and Weilgart, 1991; Miller et al., 2004; Zimmer et al., 2005).  These 2 
may be echolocation clicks used in feeding, contact calls (for communication), and orientation during 3 
dives.  When sperm whales are socializing, they tend to repeat series of clicks (codas), which follow a 4 
precise rhythm and may last for hours (Watkins and Schevill, 1977).  Codas are shared between 5 
individuals of a social unit and are considered to be primarily for intragroup communication (Weilgart 6 
and Whitehead, 1997; Rendell and Whitehead, 2004). 7 
 8 
The anatomy of the sperm whale ear indicates it hears high-frequency sounds (Ketten, 1992).  Anatomical 9 
studies also suggest the sperm whale has some ultrasonic hearing but at a lower maximum frequency than 10 
many other odontocetes (Ketten, 1992).  The sperm whale also may possess better low-frequency hearing 11 
than some other odontocetes, although not as extraordinarily low as many baleen whales (Ketten, 1992).  12 
Auditory brainstem response in a neonatal sperm whale indicated highest sensitivity to frequencies 13 
between 5 and 20 kHz (Ridgway and Carder, 2001). 14 
 15 
Reactions to anthropogenic sounds can provide indirect evidence of hearing capability, and several 16 
studies have noted changes seen in sperm whale behavior in conjunction with these sounds.  For example, 17 
sperm whales have been observed to frequently stop echolocating in the presence of underwater pulses 18 
made by echosounders and submarine sonar (Watkins and Schevill, 1977).  In the Caribbean, Watkins et 19 
al. (1985) observed sperm whales exposed to 3.25 to 8.4 kHz pulses (presumed to be from submarine 20 
sonar) interrupted their activities and left the area.  Similar reactions were observed from artificial noise 21 
generated by banging on a boat hull (Watkins et al., 1985).  André et al. (1997) reported foraging whales 22 
exposed to a 10 kHz pulsed signal did not ultimately exhibit any general avoidance reactions; when 23 
resting at the surface in a compact group, sperm whales initially reacted strongly, then ignored the signal 24 
completely.  Thode et al. (2007) observed the acoustic signal from a fishing vessel’s rapidly spinning 25 
propeller (110 dB re 1 µPa2 between 250 Hz and 1.0 kHz) interrupted sperm whale acoustic activity and 26 
resulted in the animals converging on the vessel.  The full range of functional hearing for the sperm whale 27 
is estimated to occur between approximately 150 Hz and 160 kHz, placing them among the group of 28 
cetaceans that can hear mid-frequency sounds (Southall et al., 2007). 29 
 30 
False Killer Whale (Pseudorca crassidens) 31 
The false killer whale is listed as a candidate species under the US ESA and depleted under the US 32 
MMPA.  They are found in tropical and temperate waters, generally between 50°S and 50°N latitude with 33 
a few records north of 50°N in the Pacific and the Atlantic (Odell and McClune, 1999).  Seasonal 34 
movements in the western North Pacific may be related to prey distribution (Odell and McClune, 1999).  35 
Baird et al. (2005) noted considerable inter-island movements of individuals in the Hawaiian Islands. 36 
 37 
False killer whales primarily eat deep-sea cephalopods and fish (Odell and McClune, 1999), but they have 38 
been known to attack other cetaceans, including dolphins (Perryman and Foster, 1980; Stacey and Baird, 39 
1991), sperm whales (Palacios and Mate, 1996), and baleen whales. 40 
 41 
The dominant frequencies of false killer whale whistles are 4 to 9.5 kHz; those of their clicks are 25 to 30 42 
kHz and 95 to 130 kHz (Thomas et al., 1990; Richardson et al., 1995).  The source level for clicks is 220 43 
to 228 dB re 1 µPA-m (Ketten, 1998).  Best hearing sensitivity measured for a false killer whale was 44 
around 16 to 64 kHz (Thomas et al., 1988, 1990).  Yuen et al. (2005) tested a stranded false killer whale 45 
using auditory evoke potentials to produce an audiogram in the range of 4 to 44 kHz, with best sensitivity 46 
at 16 to 24 kHz, but it may have had age-related hearing loss. 47 


48 
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3.4.3 Health and Safety 1 
 2 
3.4.3.1 Pre-Flight Test Activities 3 
 4 
The Proposed Action requires the administration of NOTAMs and NOTMARs within the BOAs for 5 
impact of missile components to warn aircraft and surface vessels of the potentially hazardous areas and 6 
allow them ample time to avoid the hazards.  Inhabitants near the flight path, as well as air and sea traffic 7 
in caution areas designated for specific missions, are notified of potentially hazardous operations.  For 8 
MMIII, MMIII ERFT, and other terminal flight tests, various precautions are taken to protect personnel 9 
and the general public.  The proposed RV impact sites for the MMIII ERFT flights are within BOAs, 10 
thereby avoiding risk to the general public and property.  As described earlier for the over-ocean flight 11 
corridor, a NOTMAR and a NOTAM are transmitted to appropriate authorities to clear traffic from these 12 
caution areas and to inform the public of impending missions.  The warning messages describe the time, 13 
the area affected, and safe alternate routes.  The Guam, Micronesia, and Palau Governments also would 14 
be informed in advance of rocket launches and reentry payload missions.  Visual and sensor sweeps of 15 
hazard areas are accomplished prior to each operation to assist in the clearance of non-mission ships and 16 
aircraft (USAF, 2004; USASMDC/ARSTRAT, 2007). 17 
 18 
For MMIII ERFT flights, RTS (with 30 SW direction) at USAKA and the deployed NMIS ship provide 19 
range support for the terminal phase of flight.  Because NOTAMs and NOTMARs are issued in advance 20 
of the MMIII ERFT flights, aircraft, surface vessels, and the general public have ample time to avoid the 21 
hazard areas.  Therefore, the relevant issue is PBV and RV impact area safety.  Thus, the ROI for health 22 
and safety in the BOAs focuses on where the MMIII missile components, PBV fragments, and test RVs 23 
may impact, and includes consideration of DOD, LLNL, and contractor personnel. 24 
 25 
Range safety provides protection to DOD, LLNL, and contractor personnel, and ships and aircraft 26 
operating in areas potentially affected by missions.  Specific procedures are required for the preparation 27 
and execution of missions involving watercraft, missile launches, and reentry payloads such as MMIII 28 
RVs.  These procedures are based on regulations, directives, and flight safety plans for individual 29 
missions.  The flight safety plans include calculating trajectory and debris areas, and specifying range 30 
clearance and notification procedures (USASMDC/ARSTRAT, 2007). 31 
 32 
During ocean travel to and from test support areas, ship personnel would monitor for marine mammals 33 
and sea turtles to avoid potential ship strikes.  Vessel operators also would adjust their speed based on 34 
expected animal densities, and on lighting and turbidity conditions.  Vessel operations would not involve 35 
any intentional discharges of fuel, toxic wastes, or plastics and other solid wastes that could harm marine 36 
life. 37 
 38 
The LLNL personnel would place the free-floating instrumentation around the RV target site before each 39 
launch.  These activities would be performed in compliance with all shipboard safety requirements and 40 
under the oversight of a highly experienced supervisor. 41 
 42 
3.4.3.2 Flight Test Activities 43 
 44 
The NMIS ship would be positioned downrange of the impact site for each flight.  This location also is 45 
downrange of the sonic boom footprint.  All shipboard personnel (e.g., DOD, LLNL, and contractor) 46 
would comply with appropriate hearing protection as required by their respective organizations. 47 
 48 
To collect flight and impact data from the missile and RVs, radar, telemetry, optics, and meteorological 49 
sensors would be employed aboard the NMIS ship during the terminal phase of each MMIII ERFT flight.  50 
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Operational personnel would be limited to those trained for the type of equipment to which they are 1 
assigned and for the associated safety requirements. 2 
 3 
3.4.3.3 Post-Flight Test Activities 4 
 5 
Following completion of each flight test, LLNL personnel would work to retrieve all free-floating 6 
instrumentation for transport to Guam.  These activities would be performed in compliance with all 7 
shipboard safety requirements and under the oversight of a highly experienced supervisor.  The recovered 8 
rafts would be disassembled, re-packed, and shipped back from Guam to Kwajalein Atoll.  Expended 9 
rocket motors and other missile hardware are not recovered from the ocean and RV recovery operations 10 
are not attempted for nominal missions.  There are no onsite, physical assessment or post-test cleanup 11 
activities required for MMIII extended range flight tests. 12 
 13 
3.4.4 Hazardous Materials and Waste Management 14 
 15 
Handling, management, and transport of hazardous materials and wastes are addressed under the 16 
following section.  Proper procedures for handling these materials and wastes are followed in accordance 17 
with all applicable Federal (such as 29 CFR 1910), DOD, and Air Force, Army, and Navy regulations.  18 
Use and management of hazardous materials and the disposal of hazardous wastes require approval and 19 
coordination with LLNL or with the appropriate safety and environmental offices.  For the analysis of 20 
hazardous materials use and waste management for the Proposed Action, the ROI is defined as those 21 
locations near proposed impact sites within BOAs of the Guam, Micronesia, and Palau EEZs, and 22 
international waters. 23 
 24 
In Guam, its EEZ, and for US shipboard activities in international waters, US regulations govern 25 
hazardous material and waste management and are specified in the US Code of Federal Regulations 26 
(CFR), specifically within 40 CFR, Protection of Environment.  In the Micronesia EEZ, compliance with 27 
US environmental laws is applicable to US military activities within Micronesia jurisdictions only when 28 
the preparation of an Environmental Impact Statement is required.  Since that threshold has not been met 29 
by MMIII ERFT flight tests, there are no comparable environmental standards and procedures in force 30 
within Micronesian jurisdiction.  In the Palau EEZ, “hazard substances such as nuclear, chemical, gas or 31 
biological weapons intended for use in warfare, nuclear power plants, and waste materials” are regulated 32 
under the Constitution of the Republic of Palau, Article VIII, Section 6.  Since MMIII ERFT testing 33 
activities do not encompass nuclear, chemical, gas or biological weapons, the missile flight tests do not 34 
require compliance with the referenced Constitutional section. 35 
 36 
The Proposed Action would require use of diesel fuel, oils and lubricants for support equipment and 37 
vessels.  These would be managed in accordance with the appropriate DOD or regulatory procedures 38 
consistent with the location and responsible entity (e.g., USN shipboard in a BOA).  Any accidental spills 39 
from support equipment operations would be contained and cleaned up in accordance with US and DOD 40 
requirements. 41 
 42 
The test RVs do not contain fissile materials but they typically do contain varying quantities of hazardous 43 
materials, including batteries, asbestos, DU, and other heavy metals.  All test RVs regularly include 0.29 44 
to 22 oz (8.2 to 624 g) of asbestos; approximately 0.035 to 0.353 oz (1 to 10 g) each of Be, Cd, and Cr; 45 
approximately 4.8 oz (136 g) of lead; and an unspecified quantity of DU.  The RVs for the proposed 46 
FY14 extended range flight tests do not contain high explosives.  At the conclusion of the flight tests, 47 
expended rocket motors and other missile hardware are not recovered from the ocean and RV recovery 48 
operations are not attempted in deeper waters for nominal missions.  The MMIII ERFT flight tests would 49 
occur only twice within one year, and motor impacts from each flight would not occur at the exact same 50 
locations. 51 


52 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


3-23 


3.4.5 Noise 1 
 2 
Noise is most often defined as unwanted sound heard by people or wildlife that interferes with normal 3 
activities or otherwise diminishes the quality of the environment.  Sources of noise may be transient (e.g., 4 
a passing train or aircraft), continuous (e.g., heavy traffic or air conditioning equipment), or impulsive 5 
(e.g., a sonic boom or a pile driver).  Sound waves traveling outward from a source exert a sound pressure 6 
measured in dB. 7 
 8 
The human ear is not equally sensitive to all sound wave frequencies.  Sound levels adjusted for 9 
frequency-dependent amplitude are called “weighted” sound levels.  Weighted measurements 10 
emphasizing frequencies within human sensitivity are called A-weighted decibels (dBA).  Established by 11 
the American National Standards Institute, A-weighting significantly reduces the measured pressure level 12 
for low-frequency sounds, while slightly increasing the measured pressure level for some high-frequency 13 
sounds.  In summary, A-weighting is a filter used to relate sound frequencies to human-hearing 14 
thresholds.  Typical A-weighted sound levels measured for various sources are provided in Figure 3-5.  15 
The greatest sound pressure level recorded during a specific period of time is termed the peak sound 16 
pressure level, further qualified as weighted or unweighted (i.e., unfiltered).  Peak sound values can be 17 
too short in duration and at a frequency missed by the human ear. 18 
 19 
During terminal flight and impact, each test missile or RV has the potential to affect BOAs with sonic 20 
booms.  Thus, the ROI for noise is focused on the flight path that could be affected by flight termination.  21 
Natural sources of noise include the constant wave action and the occasional thunderstorm.  The sound of 22 
thunder, one of the loudest sounds expected here, can register up to 120 dB (Vavrek et al., 2008). 23 
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Figure 3-5  Typical Noise Levels of Familiar Noise Sources and Public Responses 
Source:  Modified from US Army Strategic Defense Command, 1991. 
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4.0  ENVIRONMENTAL CONSEQUENCES 1 
 2 
This chapter presents the potential environmental consequences of the No Action Alternative and the 3 
Proposed Action, described in Chapter 2.0 of this SEA, when compared to the affected environment 4 
described in Chapter 3.0.  The No Action Alternative impact discussions are presented in Section 4.1, 5 
followed by the Proposed Action in Section 4.2.  The amount of detail presented in each section of the 6 
analysis is proportional to the potential for impact.  Both direct and indirect impacts8


 12 


 are addressed where 7 
applicable.  In addition, cumulative effects that might occur are identified in Section 4.3.  Appropriate 8 
environmental management and monitoring actions and requirements are also included in this chapter, 9 
where necessary, and summarized in Section 4.4.  A list of all agencies, organizations, and persons 10 
consulted as part of this analysis is provided in Chapter 6.0. 11 


4.1 Environmental Consequences of the No Action Alternative 13 
 14 
This section addresses flights from Vandenberg AFB to USAKA/RTS, which were evaluated in the 15 
MMIII EA and MMIII SEA [in progress], incorporated into this document by reference.  Each of those 16 
evaluations resulted in a Finding of No Significant Impact (FONSI) which would be applicable to the No 17 
Action Alternative for the MMIII ERFT flight tests. 18 
 19 
Launch emission levels would not exceed de minimis (minimal importance) thresholds or contribute to a 20 
violation of Vandenberg AFB’s air operating permits.  No exceedance of air quality standards or health-21 
based standards for non-criteria pollutants would be anticipated. 22 
 23 
The maintenance of fire breaks around MMIII launch facilities can have an adverse effect on the 24 
endangered Gaviota tarplant.  Additionally, exposure to short-term noise from launches and helicopter 25 
overflights (if conducted) can cause startle effects in protected bird species, pinnipeds, and other wildlife.  26 
By implementing measures identified in the US Fish and Wildlife Service’s 2011 Programmatic 27 
Biological Opinion, the USFWS concluded that the proposed activities would not jeopardize the 28 
continued existence of Federally listed species. 29 
 30 
Allowable public risk limits for launch-related debris would be extremely low.  The accumulated casualty 31 
risk criteria (combined collective risk to all individuals exposed) for each mission would not exceed 30 in 32 
1,000,000.  By adhering to established and proven safety standards and procedures, the level of risk to all 33 
personnel would be minimal. 34 
 35 
4.2 Environmental Consequences of the Proposed Action 36 
 37 
Environmental issues associated with the MMIII extended range flight tests vary at each location, and as 38 
such, the resources analyzed at each location vary.  A breakdown of the resources analyzed in detail, by 39 
location, is shown in Table 4-1, along with the section numbers where the respective discussions are 40 
found. 41 


42 


                                                      
88 Direct impacts are caused by the action and occur at the same time and place.  Indirect impacts occur later in time or are further 
removed in distance, but are still reasonably foreseeable. 
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 1 
4.2.1 Vandenberg Air Force Base 2 
 3 
As discussed in Section 3.1, activities at Vandenberg AFB are not analyzed in detail within this SEA 4 
because of little or no changes to the affected environment and to the resulting environmental effects 5 
presented in the MMIII SEA.  The prior SEA sufficiently analyzed applicable resource topics and 6 
concluded no significant impacts would occur to any resource from ongoing MMIII flight tests.  Similar 7 
impact results would be expected under the Proposed Action.  The launch impact results at Vandenberg 8 
AFB are summarized below. 9 
 10 
Emission levels would not exceed de minimis (minimal importance) thresholds or contribute to a violation 11 
of Vandenberg AFB air operating permits.  No exceedance of air quality standards or health-based 12 
standards for non-criteria pollutants would be anticipated. 13 
 14 
The maintenance of fire breaks around MMIII launch facilities can have an adverse effect on the 15 
endangered Gaviota tarplant.  Additionally, exposure to short-term noise from launches and helicopter 16 
overflights (if conducted) can cause startle effects in protected bird species, pinnipeds, and other wildlife.  17 
By implementing measures identified in the US Fish and Wildlife Service’s 2011 Programmatic 18 
Biological Opinion, the USFWS concluded that the proposed activities would not jeopardize the 19 
continued existence of Federally listed species. 20 
 21 
Allowable public risk limits for launch-related debris would be extremely low.  The accumulated casualty 22 
risk criteria (combined collective risk to all individuals exposed) for each mission would not exceed 30 in 23 
1,000,000.  By adhering to established and proven safety standards and procedures, the level of risk to all 24 
personnel would be minimal. 25 
 26 
4.2.2 Guam 27 
 28 
4.2.2.1 Health and Safety 29 
 30 
The use of trained and certified operators to operate lifting and loading equipment on Guam would ensure 31 
proper procedures are followed as the sensor rafts and equipment are transferred from shipping/receiving 32 
and warehousing to the NMIS ship and back after the completion of each MMIII flight test. 33 


 Table 4-1  Resources Analyzed in Detail by Location 


Location 


Global 
Atmosphere 


or Air 
Quality1 


Biological 
Resources2 


Health and 
Safety 


Hazardous 
Materials 
and Waste 


Mgt 


Noise 


Vandenberg AFB See MMIII 
SEA  


See MMIII 
SEA 


See MMIII 
SEA 


See MMIII 
SEA 


See MMIII 
SEA 


Guam   Sect. 4.2.2.1 Sect. 4.2.2.2  
Over-Ocean Flight 
Corridor and the Global 
Environment 


Sect. 4.2.3.1 Sect. 4.2.3.3 Sect. 4.2.3.2   


Proposed Impact Areas Sect. 4.2.4.1 Sect. 4.2.4.2 Sect 4.2.4.3 Sect. 4.2.4.4 Sect. 4.2.4.5 


  1 Air quality in this environmental setting focuses on the stratospheric ozone layer and GHG within the Global Atmosphere.       
2Noise and water quality are included in the analysis from the standpoint of potential impacts on wildlife. 
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 1 
For the storage and transfer of sensory rafts and calibration equipment, all applicable Federal, state, and 2 
local health and safety requirements, such as OSHA regulations within 29 CFR, are followed, as well as 3 
all appropriate DOD, LLNL, and environmental guidance, directives and procedures.  The handling of 4 
sensor rafts and calibration equipment is an operation requiring special care and training of personnel.  5 
Few personnel are involved in this activity and they operate under a highly experienced supervisor, 6 
adhering to the established and proven safety standards and procedures identified in Section 3.3.2 of this 7 
SEA.  Additionally, the operational personnel train and practice with the rafts and other equipment aboard 8 
ship prior to the actual flight tests. 9 
 10 
All required health and safety regulations would be followed.  By adhering to established and proven 11 
safety standards and procedures, the level of risk to all personnel would be minimal and no significant 12 
impacts to health and safety would be incurred. 13 
 14 
4.2.2.2 Hazardous Materials and Waste Management 15 
 16 
Because the equipment associated with the shipping/receiving, storage, loading/unloading at Guam likely 17 
would require batteries, fuels, oils and lubricants, the facilities would comply with US Resources 18 
Conservation and Recovery Act requirements for management of hazardous materials.  Implementation of 19 
SPCC plans ensures spills or potential releases of hazardous materials are appropriately managed, 20 
including the disposition of waste following spill cleanup.  There would be no significant impacts to 21 
hazardous materials or waste management from the Proposed Action. 22 
 23 
4.2.3 Over-Ocean Flight Corridor and the Global Environment 24 
 25 
4.2.3.1 Global Atmosphere 26 
 27 
First-stage rocket emissions would occur at Vandenberg AFB, whereas emissions from other stages take 28 
place over-the-ocean flight corridor.  The total quantity of rocket exhaust emissions for two MMIII ERFT 29 
launches is provided in Table 4-2.  The products of combustion from the launch include carbon monoxide 30 
(CO), oxides of nitrogen (NOx), fine particulate matter (PM10 and PM2.5), aluminum oxide (Al2O3), 31 
hydrogen chloride (HCl), hydrogen, nitrogen, CO2, and water.  Two MMIII ERFT launches in a year 32 
release approximately 2.9 tons (2.6 metric tons) of HCl.  The HCl has a long enough tropospheric lifetime 33 
to mix eventually with the stratosphere, even when released at ground level.  The global release of 34 
emissions from rocket launches, however, is small enough that it is not listed as a significant source of  35 
 36 


Table 4-2  Exhaust Emissions for Two Minuteman III Launches 


 
Pollutant 


1st Stage 
(tons/year) 


2nd Stage 
(tons/year) 


3rd Stage 
(tons/year) 


Total 
(tons/year) 


  CO 0.00505 0.001515 0.000805 0.00737 
  NOx 0.224 0.0675 0.03575 0.32725 
  PM10


1 2.515 0.755 0.4015 3.6715 
  PM2.5


1 1.76 0.53 0.281 2.571 
  HCl 1.965 0.59 0.31 2.865 
  Other2 0.000336 0.000101 5.35E-05 0.00049 
Notes: 1 All PM emissions are assumed to be Al2O3. 
2 Includes combined amounts of polycyclic aromatic hydrocarbons, benzene, formaldehyde, vinyl chloride, antimony, arsenic, cadmium, 
hexavalent chromium, lead, manganese, and  nickel. 
Source: USAF, 2004; Wooldridge, 2011 
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ozone depleting gases by the WMO (2010).  It also is estimated the emission loads of Cl (as HCl and Cl) 1 
from rocket launches worldwide, as projected from 2004 to 2014, would account for only 0.5 percent of 2 
the industrial Cl load from the US over the 10-year period (MDA, 2007). 3 
 4 
Both Al2O3 and NOx also are of concern with respect to stratospheric ozone depletion.  Two MMIII ERFT 5 
launches release approximately 3.2 tons (2.9 metric tons) of Al2O3.  The Al2O3 is emitted as solid particles 6 
and can activate Cl in the atmosphere.  The exact magnitude of ozone depletion that can result from a 7 
buildup of Al2O3 over time has not yet been determined quantitatively, but is considered insignificant 8 
based on existing analyses (USAF, 2001).  Following each launch, the majority of this compound is 9 
removed from the stratosphere through dry deposition and precipitation.  NOx, like certain Cl compounds, 10 
also contributes to catalytic gas phase ozone depletion.  The production of NOx species from solid rocket 11 
motors is dominated by high-temperature “afterburning” reactions in the exhaust plume.  As the 12 
temperature of the exhaust decreases with increasing altitude, less NOx is formed.  Because diffusion and 13 
winds would disperse the NOx species generated, no significant effect on ozone levels is expected. 14 
 15 
In summary, rocket emissions from the MMIII ERFT flight tests do not have a significant impact on 16 
stratospheric ozone depletion.  However, any emission of ozone-depleting gases represents a minute 17 
increase that could have incremental effects on the global atmosphere. 18 
 19 
4.2.3.2 Health and Safety 20 
 21 
Safety procedures and practices for MMIII missile test flights are well developed and regularly in use.  22 
Adherence to the policies and procedures identified in Section 3.3.2 protects the health and safety of 23 
operational personnel and the general public. 24 
 25 
The Proposed Action would result in a temporary increase in missile activities in the over-ocean 26 
corridors.  In the international airspace over the Pacific Ocean, commercial aircraft would be diverted 27 
from the flight path of the missiles by NOTAMs.  In international waters, NOTMARs would inform 28 
commercial and personal watercraft of the flight corridor and hazard areas.  Inhabitants near the flight 29 
path also would be informed of proposed activities and areas to avoid.  Consequently, there would be 30 
minimal interference with the use of airspace by commercial or general aviation aircraft or the use of 31 
open ocean waters during over-ocean flight for the proposed MMIII ERFT test flights. 32 
 33 
The 30 SW Safety Office evaluations of proposed missile flight paths and associated risks present the 34 
opportunity to adjust flight paths during the planning stages of missile test flights to minimize risk.  35 
Establishment of the flight termination boundaries and application of the abort procedures ensures the 36 
over-ocean pathway and risk management are maintained.  The probability for an aborted MMIII launch 37 
is very low. 38 
 39 
For each rocket launch from Vandenberg AFB, the allowable public risk limit is extremely low.  40 
Individuals within the general public must not be exposed to a probability of casualty greater than 1 in 41 
1,000,000 for any single mission (RCC, 2010).  Also, as per AFSPC Manual 91-710, the acceptable 42 
accumulated risk criteria (combined collective risk to all individuals exposed) for each mission is 30 in 43 
1,000,000. 44 
 45 
For comparison purposes, the 2006 average annual probability of fatality in the US from non-46 
transportation accidental (unintentional) injuries was 1 in 4,077 (National Safety Council, 2006).  This 47 
probability record included falls, fire and burns, drowning, electrical shock, and poisoning.  Thus, the risk 48 
of fatality to the public from MMIII missile flight tests is substantially less than the risk from non-49 
transportation related accidents.  Overall, no significant impacts on health and safety are expected. 50 


51 
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4.2.3.3 Biological Resources 1 
 2 
The probability for a launch mishap is very low.  However, an early flight termination or mishap would 3 
cause missile debris to impact along the flight corridor.  In most cases, the errant missile would be 4 
moving at such a high velocity that resulting missile debris would strike the water further downrange.  In 5 
the unlikely event of an early termination of flight, the missile would fall to the ocean intact or as debris 6 
scattered over a large area.  It is expected that the falling missile and its debris would not have a 7 
significant impact on biological resources because of the large expanse of the ocean area and the very low 8 
probability of striking a marine mammal or sea turtle.  Sensitive marine species are widely scattered, and 9 
the probability of debris from a non-nominal flight striking a threatened or endangered species is 10 
considered remote. 11 
 12 
Initiating flight termination after launch would split the solid propellant motor casing, releasing pressure 13 
and stopping the booster’s forward thrust, causing the launch vehicle to reenter ballistically along a 14 
descending trajectory into the ocean.  Pieces of unburned propellant, which is composed of ammonium 15 
perchlorate, aluminum, and other materials, could be dispersed over an ocean area of up to several square 16 
miles (square kilometers).  Ammonium perchlorate could leach out of the solid propellant resin binding-17 
agent once the propellant enters the water.  However, it is unlikely perchlorate concentrations would 18 
accumulate to a level of concern (USAF, 2010).  The overall concentration and toxicity of dissolved solid 19 
propellant from the unexpended rocket motors, or portions of them, is expected to be negligible and 20 
without any substantial effect.  Any pieces of propellant expelled from a destroyed or exploded rocket 21 
motor would sink hundreds or thousands of feet to the ocean floor.  At such depths, the material would be 22 
beyond the reach of most marine life. 23 
 24 
The liquid propellants (monomethylhydrazine and nitrogen tetroxide) contained in the PSRE also could 25 
be released in the ocean waters on impact, assuming they have not been used up by propulsion or 26 
vaporized during the destruct action.  Wave actions and ocean currents would quickly mix and dilute the 27 
liquid propellants, in addition to them being buffered or oxidized in the seawater, thus eliminating 28 
potentially toxic concentrations.  Should the sealed propellant assemblies within the PSRE survive ocean 29 
impact intact, they would sink to great depths and settle on the ocean floor.  There, they could potentially 30 
leak propellants into the water over time.  As with the solid propellants, the liquid propellants would be 31 
beyond the reach of most marine life.  Though it is possible for deep ocean, benthic species to be 32 
adversely affected by any remaining contaminants, such impacts would be very localized, occurring 33 
within a short distance of missile component debris deposited on the ocean floor. 34 
 35 
In summary, MMIII ERFT flight tests would have no discernible effect on the overall physical and 36 
chemical properties of the ocean within the ROI, and thus should have no impacts on the overall marine 37 
biology of the ROI.  Missile flight tests would result in minimal risk of hitting or otherwise harassing 38 
marine mammals or sea turtles.  Moreover, such tests would have no discernible effect on the biological 39 
diversity of either the pelagic or benthic marine environment.  Consequently, no significant impacts to 40 
biological resources in the ocean beneath the over-ocean flight corridor would be anticipated. 41 
 42 
The main potential for impacts to marine species within the over-ocean flight corridor would be from 43 
noise-related sources such as sonic boom overpressures shortly after launch; the effects of which were 44 
evaluated in the MMIII SEA [in progress]. 45 


46 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


4-6 


4.2.4 Proposed Impact Areas - Broad Ocean Areas of the Pacific Ocean 1 
 2 
4.2.4.1 Air Quality 3 
 4 
4.2.4.1.1 Pre-Test Preparations and Support 5 
Pre-test preparations and support require the use of mobile sources of air emissions.  The emission 6 
sources include a combination of vessels and aircraft.  Emission of criteria pollutants and Greenhouse 7 
Gases (GHG) from these sources is minor and temporary.  No exceedances of air quality standards are 8 
expected, and no new permanent stationary sources of emissions or changes to air emission permits are 9 
required.  As a result, pre-test preparation and support requirements are not expected to have significant 10 
impacts on local or regional air quality within the BOAs of Guam, the FSM, or Palau. 11 
 12 
4.2.4.1.2 Terminal Flight and Impact Activities 13 
The MMIII components impact in ocean waters and do not present any air quality issues.  There would be 14 
no fugitive dust or other airborne pollutants during terminal flight and impact activities.  There would be 15 
no air emissions associated with the Stage 3 motor casing and the thrust termination ports as they would 16 
have no air emission releases at this phase.  The RV would disintegrate in the water upon impact, and 17 
although each RV contains small quantities of heavy metals and asbestos—typically 0.035 to 0.353 oz (1 18 
to 10 g) each of Be, Cd and Cr; approximately 4.8 oz (136 g) of lead; an unspecified quantity of DU; and 19 
0.29 to 22 oz (8.2 to 624 g) of asbestos—due to the water impact, it is unlikely any of these materials 20 
could become airborne.  Although unlikely, if the impact were to generate small quantities of air 21 
emissions or Hazardous Air Pollutants, trade winds would rapidly dissipate any airborne particles.  22 
Because of the water impact, trade winds, and the lack of populated areas near the impact areas, no 23 
significant impacts to air quality are expected. 24 
 25 
4.2.4.1.3 Post-Test Operations 26 
Similar to pre-test preparations and support, post-test operations require the use of mobile sources of air 27 
emissions.  The emission sources include a combination of vessels.  Emission of criteria pollutants and 28 
GHG from these sources is minor and temporary.  No exceedances of air quality standards are expected, 29 
and no new permanent stationary sources of emissions or changes to air emission permits are required.  30 
As a result, post-test operations requirements are not expected to have significant impacts on local or 31 
regional air quality. 32 
 33 
4.2.4.2 Biological Resources 34 
 35 
Criteria for assessing potential impacts on marine biological resources are based on the potential for loss 36 
of habitat (destruction, degradation), excessive take (accidental or intentional death, injury), harassment; 37 
increases in exposure or susceptibility to disease and predation, and decrease in breeding success.  38 
Collision with vessels or missile debris; release of contaminants from missile constituents; sound; or 39 
human contact could potentially cause impacts.  Impacts are considered substantial if they have the 40 
potential to result in the reduction of population size of US Federally listed threatened or endangered 41 
species, degradation of biologically important unique habitat, or reduction in capacity of a habitat to 42 
support species.  Potential non-acoustic effects include physical impact by the NMIS ship or falling 43 
debris, by entanglement in debris, and contact with or ingestion of debris or hazardous materials. 44 
 45 
During ocean travel to and from test support areas, ship personnel would monitor for marine mammals 46 
and sea turtles to avoid potential ship strikes.  Vessel operators also would adjust their speed based on 47 
expected animal densities, and on lighting and turbidity conditions. 48 
 49 
The third stage rocket motor debris splashdowns would occur approximately 4,900 to 5,200 nm (9,075 to 50 
9,630 km) from the California coast, into a BOA within the Guam or FSM EEZ.  The TT port assemblies 51 
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would impact downrange of the third-stage rocket motor debris by approximately 300 to 500 nm (556 to 1 
926 km) in an impact area within the EEZ of Micronesia, approximately 38 nm from the closest island. 2 
 3 
The RVs would impact approximately 80 nm (148 km) offshore from the closest island of the ROP or 4 
within international waters at depths ranging from 10,000 to 16,600 ft (3,048 to 5,060 m).  Towards the 5 
terminal end of each MMIII extended range flight test, the PBV and MGS fragments would impact in 6 
predetermined BOAs of the Palau and FSM EEZs. 7 
 8 
When the spent rocket motors impact in the ocean, no solid propellant would remain.  The residual 9 
aluminum oxide and burnt hydrocarbon coating the inside of the motor casings would not present toxicity 10 
concerns.  Though the batteries carried onboard the rocket motors would be spent (discharged) by the 11 
time they impact in the ocean, they would still contain small quantities of electrolyte material.  These 12 
materials, along with residual amounts of strontium perchlorate contained in the 3rd-stage motors, may 13 
mix with the seawater. 14 
 15 
The National Aeronautics and Space Administration (NASA) conducted a thorough evaluation of the 16 
effects of rocket systems deposited in seawater.  The evaluation concluded the release of hazardous 17 
materials, carried onboard launch vehicles, would not be significant (USAF, 2004).  Hazardous materials 18 
would be diluted rapidly in the seawater and, except for the immediate vicinity of the debris, would not be 19 
found at concentrations identified as producing adverse effects (USN, 1998). 20 
 21 
Ocean depths in the ROI reach thousands of feet (meters) and, consequently, impacts from hazardous 22 
materials are expected to be minimal.  The area affected by the dissolution of hazardous materials 23 
onboard would be relatively small because of the size of the rocket components and the minor amount of 24 
residual materials they would contain.  Such components would immediately sink to the ocean bottom, 25 
out of reach of marine mammals, sea turtles, and most other marine life.  Though it is possible for deep 26 
ocean, benthic species to be adversely affected by any remaining contaminants, such impacts would be 27 
very localized, occurring within a short distance of missile component debris deposited on the ocean 28 
floor.  Consequently, no significant impacts to biological resources are expected from the residual 29 
hazardous materials in seawater. 30 
 31 
The proposed MMIII extended range test flights would not have a discernible or measurable impact on 32 
benthic or planktonic organisms, because of their abundance, their wide distribution, and the protective 33 
influence of the mass of the Pacific Ocean around them.  However, the potential exists for impacts to 34 
larger vertebrates in the proposed impact areas, particularly marine mammals and sea turtles that must 35 
come to the surface to breathe.  Potential impacts on these species have been considered in this analysis 36 
and include the effects of acoustic effects produced by rapid descent to impact (sonic booms), and non-37 
acoustic effects (splashdown of missile stages and release of propellants or other hazardous materials into 38 
the water).  Potential acoustic effects include behavioral disturbances and temporary or permanent hearing 39 
impairment.  Potential non-acoustic effects include physical impact by falling debris, and contact with or 40 
ingestion of debris or hazardous materials, particularly unexpended fuels.  The resulting impact of a large, 41 
fast-moving object, such as the spent casing of a rocket motor, could cause either type of effect (USAF, 42 
2004). 43 
 44 
Fish 45 
Most missile tests pose little risk to fish unless the fish happen to be near the surface at the point of 46 
impact.  Permanent, adverse impacts on EFH components are not anticipated since missile flight test 47 
operations are conducted to avoid potential impacts.  There are unavoidable impacts associated with 48 
operations that may result in temporary and localized impacts caused by debris.  The impact of missile 49 
components on the ocean surface could cause fish mortalities.  These effects would be localized and 50 
transient.  Fish populations from surrounding areas would quickly repopulate the affected area.  As a 51 
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result, the overall effects from the proposed flight tests would produce no significant harm to the quality 1 
and/or quantity of fish stocks, nor would EFH be adversely affected. 2 
 3 
Sea Turtles 4 
Although sea turtles may be present in any of the BOAs of the proposed impact areas, there are no 5 
topographic features, such as seamounts, in these areas that would induce concentrations of sea turtles.  6 
Individual pieces of debris from the proposed missile tests would be dispersed over a large area.  While a 7 
direct hit from a piece of debris would affect a sea turtle at the surface, it is extremely unlikely that this 8 
would ever occur.  As data collection instruments are deployed, LLNL personnel will observe the impact 9 
and surrounding area to the best of their ability for indications of sea turtle presence.  If such indications 10 
exist or sea turtle individuals are observed to persist in the impact or surrounding area, the presence will 11 
be reported by LLNL personnel to AFGSC personnel, who will determine the potential for holding launch 12 
activities to allow the animals to pass through the area of concern.  Based on conservative estimates of sea 13 
turtle densities coupled with conservative estimates of hearing, it was determined only a negligible 14 
number of sea turtles (i.e., less than 0.0003) might be affected acoustically or non-acoustically by 15 
proposed extended range flight testing. 16 
 17 
Marine Mammals 18 
Debris and booster drops in the impact areas are not expected to adversely affect protected marine 19 
mammal species.  The probability is low for migratory whales to be within the BOA and to be affected by 20 
falling debris and boosters.  These sensitive marine species are widely scattered, and the probability of an 21 
individual marine mammal being struck by debris is considered remote.  As data collection instruments 22 
are deployed, LLNL personnel will observe the impact and surrounding area to the best of their ability for 23 
indications of marine mammal presence.  If such indications exist or marine mammal individuals are 24 
observed to persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 25 
AFGSC personnel, who will determine the potential for holding launch activities to allow the animals to 26 
pass through the area of concern.  Of particular concern is the potential for impacts to marine mammals 27 
from acoustic effects.  Potential acoustic effects include behavioral disturbance (including displacement), 28 
acoustic masking (elevated noise levels that drown out other noise sources), and temporary or permanent 29 
hearing impairment (from very strong sounds). 30 
 31 
4.2.4.2.1 Sonic Boom Overpressures 32 
As each test RV descends, sonic booms are initially generated over a very broad area of the open ocean to 33 
the northeast and continue in a southwesterly direction towards the designated target area, where the sonic 34 
boom footprint narrows to just a few miles on either side of the flight path (Figure 4-1).  At the ocean 35 
surface, the in-air sound pressure levels for the sonic booms vary from 91 dB at the eastern-most range 36 
and increase to 150 dB at the western-most range, close to the point of impact.  Equivalent underwater 37 
overpressure levels range from 117 to 176 dB (re 1 µPa).  The sonic boom footprint would occur entirely 38 
over open ocean and within the area covered by the NOTAMs and NOTMARs.  The duration for sonic 39 
boom overpressures produced by the RVs ranges from 40 milliseconds where the boom is strongest to 40 
124 milliseconds where it is weakest (Moody, 2004b). 41 
 42 
An earlier noise study of MMIII flight tests from Vandenberg AFB modeled the sonic boom levels 43 
generated downrange (Tooley, et al., 2004).  The modeling results showed the surface footprint of the 44 
sonic boom can extend outward several miles on each side of the flight path, but it quickly dissipates with 45 
increasing distance downrange.  At the ocean surface, peak overpressures were estimated to be in the 138 46 
to 149 dB range in air, based on typical atmospheric wind conditions.  Such overpressures are equivalent 47 
to between 164 to 175 dB (re 1 µPa) in water at the air-to-water interface.  The duration of these acoustic 48 
events is less than 250 milliseconds or a quarter of a second.49 
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The propagation of sonic booms underwater can affect the behavior and hearing sensitivity in marine 1 
mammals (primarily cetaceans) and sea turtles.  Loud enough sounds can cause cetaceans to quickly 2 
react, altering their normal behavior.  Most observations of behavioral responses of cetaceans to 3 
anthropogenic sounds have been limited to short-term responses, including disturbance to feeding, 4 
resting, or social interactions.  Higher sound levels can result in some level of hearing loss.  Depending on 5 
the level of exposure, either Temporary Threshold Shift (TTS) or Permanent Threshold Shift (PTS) may 6 
occur.  A TTS can temporarily impair an animal’s ability to communicate, navigate, forage, and detect 7 
predators; a PTS can permanently impair the animal.  The onset of hearing threshold shift in marine 8 
mammals and sea turtles depends on the total exposure to sound energy, a function of sound pressure 9 
level, and the duration of exposure.  As a sound gets louder, the duration required to induce TTS gets 10 
shorter.  Exposure to sound in excess of that required to cause TTS may result in a PTS. 11 
 12 
Sea turtle auditory sensitivity is not well studied.  Research suggests the animals are less sensitive to the 13 
auditory effects of impulsive sounds than marine mammals (Ridgway et al., 1969; USN, 2008a, 2008b).  14 
Application of the cetacean thresholds for TTS and PTS therefore is likely to be particularly conservative 15 
for sea turtles (Mobley, 1994; 1995; 2000). 16 
 17 
For this analysis, acoustical thresholds for the onset of TTS and PTS in marine mammals and sea turtles 18 
are based on prior studies conducted by the USN for underwater detonations and ship-shock trials (USN, 19 
2008a, 2008b).  The underwater peak pressure thresholds are 224 dB (re 1 µPa) for the onset of TTS and 20 
230 dB (re 1 µPa) for the onset of PTS.  Thus, for the MMIII ERFT flight tests a maximum sonic boom 21 
underwater peak pressure of 175 dB (re 1 µPa) would not induce TTS or PTS in marine mammals or sea 22 
turtles in the open ocean.  Therefore, no significant impacts would occur to marine mammals or sea 23 
turtles from sonic boom overpressures resulting from MMIII ERFT test flights. 24 
 25 
Although it may be possible for such underwater sound levels to cause slight changes in animal behavior, 26 
the affects are expected to be brief.  The RV sonic booms would have minimal impacts on marine 27 
mammals and sea turtles because:  (1) underwater sound levels would not exceed thresholds for TTS (224 28 
dB [re 1 µPa]) or PTS (230 dB [re 1 µPa]); (2) the higher-level overpressures would generate minimal in-29 
water footprints and be very short in duration; and (3) marine mammal and sea turtle species are expected 30 
to have low and patchy densities.  Notably, since the RV approaches and impacts are within the BOA 31 
there would be no effects on terrestrial species and/or migratory birds. 32 
 33 
4.2.4.2.2 Direct Contact and Shock/Sound Wave from the Impact of Missile Components 34 
As shown in Figures 2-4 and 2-5, the impact areas for the third stage spent rocket motors are 35 
approximately 125 to 320 nm (232 to 593 km) southwest of Guam, within its EEZ or that of Micronesia.  36 
During the descent of the spent motors, each motor would hit the ocean surface at speeds of 37 
approximately 195 to 230 ft per second (59 to 70 m per second) (USAF, 2006b).  The expended motors 38 
would have considerable kinetic force (USAF, 2004).  Upon impact, this transfer of energy to the ocean 39 
water would cause a shock wave (low-frequency acoustic pulse) similar to that produced by explosives.  40 
Studies for MMIII flight tests have shown underwater noise pulse levels would be on the order of 188 to 41 
190 dB (re 1 μPa) at a range of 164 ft (50 m) from the motor impact point (Tooley et al., 2004). 42 
 43 
If a portion of the missile were to strike a protected marine mammal or sea turtle near the water surface, 44 
the animal most likely would be killed.  In addition, the resulting underwater shock/sound wave radiating 45 
out from the impact point could potentially harm other animals.  Close to the impact point, the 46 
shock/sound wave might cause PTS, injure internal organs and tissues, or prove fatal to the animals.  47 
Slightly further away, TTS effects might occur, but with increasing distance away from the impact point, 48 
pressure levels would decrease, as would the risk for injury.  Figure 4-2 illustrates the relative distances 49 
for these shock/sound wave effects on animals. 50 
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 1 


 2 
Figure 4-1  Representative Sonic Boom Footprints for RVs 3 


in the BOAs 4 
 5 


Research shows an underwater sound level of approximately 240 dB (re 1 µPa) is the baseline criterion 6 
for defining unavoidable injury or death in marine mammals (Ketten, 1998).  Such effects would occur 7 
within a very short distance to each rocket motor impact point.  For TTS and PTS effects on marine 8 
mammals and sea turtles, this SEA used a dual-exposure criteria approach based on prior studies 9 
conducted by the USN for underwater detonations and ship-shock trials (USN, 2008a, 2008b).  The 10 
criteria use both peak pressure levels in dB (re 1 μPa) and energy flux density values, which are a 11 
measure of the sound energy flow per unit area expressed in dB (re 1 μPa2-s) for underwater sound.  12 
Table 4-3 presents the estimated radial distances for the onset of TTS and PTS for the motor based on the 13 
USN criteria.  Energy flux density criteria result in much larger radial distances, when compared to peak 14 
pressure criteria.  The outermost distance at which TTS would occur is estimated to be 56 ft (17 m) from 15 
the impact point of the third stage motor.  Although not shown in table, radial distances for the smaller 16 
and lighter MMIII missile shroud and the six TT port assemblies would be substantially less than that of 17 
the rocket motors. 18 
 19 
Within the ROI, population estimates and migratory routes for most of the marine mammal species in the 20 
impact areas are not available.  Thus, calculating probabilities for impacts based on animal densities is 21 
considerably difficult.  However, when applying relatively conservative data from surveys conducted 22 


Derived from Tooley et al., 2004 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


4-11 


Within the ROI, population estimates and migratory routes for most of the marine mammal species in the 1 
impact areas are not available.  Thus, calculating probabilities for impacts based on animal densities is 2 
considerably difficult.  However, when applying relatively conservative data from surveys conducted 3 
elsewhere around the Hawaiian Island Pacific Region, the probability for a rocket motor striking 4 
cetaceans in the open ocean is 5.4 x 10-5 or less per splashdown event, and lower for sea turtles (Tetra 5 
Tech, 2012).  Animal densities in the BOAs of the ROI are expected to be lower.  Considering individual 6 
rocket motor splashdown points are spread hundreds and thousands of miles apart, and each impact point 7 
would affect a relatively small area, the splashdown of MMIII missile components in the over-ocean 8 
flight corridor is not expected to have a significant impact on marine mammals or sea turtles. 9 
 10 
An RV impacting in the ocean would result in underwater shock/sound waves comparable to the 11 
splashdown of the MMIII rocket motors described earlier, but with much greater force because of the 12 
hypersonic velocity at the time of impact.  The resulting underwater waveform in either case would last 13 
about 10 to 30 milliseconds (Moody, 2004a; Tooley et al., 2004). 14 
 15 


Table 4-3  Estimated Underwater Radial Distances for the Onset of TTS 
and PTS in Marine Mammals and Sea Turtles from 


Minuteman III Third Stage Motor Impacts in the Ocean 


Potential Effect Criterion Criterion Source 
Radial Distance from 


Impact Point 
ft (m) 


Unavoidable 
Injury or Death 240 dB (re 1 μPa) Ketten, 1998 <1 (<1) 


PTS 


230 dB (re 1 μPa) peak 
pressure USN, 2008b 1 (<1) 


205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 4 (1) 


TTS 


224 dB (re 1 μPa) 1 peak 
pressure USN, 2008a, 2008b 3 (1) 


182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 56 (17) 


1 A peak pressure of 224 dB (re 1 μPa) is equivalent to 23 psi. 


Derived from Moody, 2004A 


Onset of PTS 
Onset of TTS 


 


Figure 4-2  Illustration of the Relative Underwater Radial Distances for Shock / Sound 
Wave Effects on Marine Mammals and Sea Turtles 
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As the shock/sound wave radiates away from the impact point, sound levels would decrease, as would the 1 
risk for injury or auditory effects (see Figure 4-2).  Using the dual-exposure criteria (peak pressure and 2 
energy flux density) approach described earlier, Table 4-4 presents the estimated radial distances for the 3 
onset of TTS and PTS from the RV point of ocean impact.  As Table 4-4 shows, the energy flux density 4 
criteria result in larger radial distances for the onset of PTS and TTS, when compared to the peak pressure 5 
criteria results.  The outermost distance at which TTS would occur is estimated to be 1,360 ft (415m) 6 
from the RV impact point.  Notably, the RVs for the tests would not contain high explosives. 7 
 8 


Table 4-4  Estimated Underwater Radial Distances for Unavoidable Injury or Death, 
Onset of TTS and PTS in Marine Mammals and Sea Turtles from RV Ocean Impacts 


Potential Effect Criterion Criterion Source 
Radial Distance from 


Impact Point 
ft (m) 1 


Unavoidable Injury or Death 240 dB (re 1 μPa) Ketten, 1998 10 (3) 
 
 


PTS 


230 dB (re 1 μPa) 
peak pressure USN, 2008b 31 (10) 


205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 96 (29) 


 
 


TTS 


224 dB (re 1 μPa) 
peak pressure USN, 2008a, 2008b 62 (19) 


182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 1,360 (415) 


 1 Derived from USAF, 2004 


Population estimates for marine mammal species are not available for the ROI.  When applying relatively 9 
conservative data from surveys conducted around the Mariana Islands region, the probability for an RV 10 
underwater shock/sound wave to induce PTS in cetaceans in the ocean is less than 5.40 x 10-5 per impact 11 
event. For TTS, the probability increases to approximately 5.18 x 10-4 for two RV impact events.  12 
Probabilities inducing PTS and TTS in sea turtles would be considerably less.  Animal densities in the 13 
target impact areas are expected to be lower than in the surveyed areas. 14 
 15 
Thus, the resulting acoustic effects from shock/sound waves may affect, but are not likely to adversely 16 
affect protected marine mammals and sea turtles because:  (1) only two RV impacts would occur within 17 
the target areas, (2) cetaceans and sea turtles are expected to occur at low densities and in patchy 18 
distributions within the region, (3) it is unlikely animals would be located within the small radial impact 19 
area; and (4) the implementation of pre-test visual and sensor sweeps surveys of the designated target 20 
area(s). 21 
 22 
For both flight tests, the RVs impact approximately 80 nm (148 km) offshore from the closest island in 23 
the ROP or within international waters into deep ocean waters where depths range from 10,000 to 16,600 24 
ft (3,048 to 5,060 m).  No craters would form on the ocean bottom, and there would be no ground-borne 25 
vibrations from the RV impacts.  There would be no effects to mollusks, sponges, and hard corals from 26 
the RV impact. 27 
 28 
4.2.4.3 Health and Safety 29 
 30 
The Proposed Action requires the administration of NOTAMs and NOTMARs in advance of MMIII 31 
ERFT test flights to allow aircraft, surface vessels, and the general public ample time to avoid the post-32 
boost vehicle and RV impact hazard areas.  As half of the four annual MMIII flight tests, the two test 33 
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flights for MMIII ERFT would not alter the findings from the No Action Alternative.  Therefore, no 1 
significant impacts to public health and safety are anticipated for the Proposed Action. 2 
 3 
During the flight test, personnel in the vicinity of the impact area would comply with the applicable DOD 4 
or LLNL Hearing Conservation Program.  The level of risk to operational personnel is kept at a minimum 5 
and no significant impacts would occur from Health and Safety issues during equipment transfer in Guam 6 
or during RV impacts in the BOAs. 7 
 8 
Adherence to the policies and procedures protects the health and safety of operational personnel.  During 9 
MMIII missile flight tests, public safety and health are ensured through the establishment of hazard areas 10 
and impact debris corridors, in addition to the NOTMARs and NOTAMs published for mariners, pilots, 11 
and the general public.  Overall, no significant impacts to health and safety are expected. 12 
 13 
4.2.4.4 Hazardous Materials and Waste Management 14 
 15 
For the Proposed Action, the increased use of fuels, lubricants and oils would represent only a small 16 
increase in the hazardous materials requiring management on Guam.  Other than the use of fuels, 17 
lubricants, oil, and batteries for operating transportation and related support equipment, there is limited 18 
use of hazardous materials in support of MMIII pre-test preparations.  Proper procedures and all 19 
regulations identified in section 3.4.4 are followed, ensuring compliance and safe management.  In 20 
addition, environmental audits by both internal offices and external agencies are conducted periodically at 21 
DOD facilities to verify compliance. 22 
 23 
When a BOA is targeted for RV impacts, portable sensors may operate on diesel fuel, lubricants, or small 24 
batteries, but none of the sensory equipment contains pressurized gases, propellants, ordnance, or other 25 
hazardous materials.  Just as during the pre-test preparations, any accidental spills from support 26 
equipment operations would be contained and cleaned up in accordance with US and DOD requirements.  27 
Any resulting waste materials would be returned to Guam for proper storage and disposal in accordance 28 
with the US regulations.  Hazardous waste and other waste-handling capacities at Guam would not be 29 
exceeded, and waste management programs would not have to change.  Thus, no significant impacts to 30 
Hazardous Materials and Waste Management are expected from the proposed MMIII ERFT activities. 31 
 32 
4.2.4.5 Noise 33 
 34 
4.2.4.5.1 Pre-Test Preparations and Support 35 
Pre-test preparation activities, including vessel operations, are not expected to have any noise impacts on 36 
local Guam, ROP, or FSM communities.  Personnel at Kwajalein and Guam preparing, shipping and 37 
preparing the ship sensor rafts are required to comply with all applicable occupational health and safety 38 
regulations.  As a result, pre-test preparation activities are not expected to cause significant noise impacts. 39 
 40 
4.2.4.5.2 Terminal Flight and Impact Activities 41 
As each descending RV approaches the target area, sonic booms are initially generated over a very broad 42 
area of the open ocean along the flight path and continue in a southwesterly direction towards the point of 43 
impact, where the sonic boom footprint narrows to just a few miles on either side of the flight path 44 
(Figure 4-1).  At the ocean surface, the sound pressure levels for the sonic booms would vary from 91 dB 45 
in air at the eastern-most range and increase to 150 dB at the western-most range, close to the point of 46 
impact.  The duration for sonic boom overpressures produced by the RVs ranges from 40 milliseconds 47 
where the boom is strongest to 124 milliseconds where it is weakest (Moody, 2004a).  Within the 48 
majority of the sonic boom footprint, sound levels are below the 120 dB produced by a thunderclap 49 
(Vavrek et al., 2008) and well within the Army standard of 140 dB (peak sound pressure level) for 50 
impulse noise. 51 
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 1 
The sonic boom would be clearly audible within approximately 35 nm (65 km) on both sides of the flight 2 
path; however, it would occur entirely over open ocean and there are no inhabited islets within this 3 
corridor that would hear it.  Because the sonic boom footprints do not overlap any Guam, Micronesia, or 4 
Palau communities such that there are no individuals within the sonic boom footprint, no residents are 5 
expected to be subjected to significant noise-related impacts.  Because the NMIS ship would be 6 
downrange and the sonic boom footprint would be uprange, operational personnel would not be subjected 7 
to significant noise-related impacts. 8 
 9 
4.2.4.5.3 Post-Test Operations 10 
In general, noise levels associated with post-test operations would be similar to those generated during 11 
pre-test preparations.  The only difference would be during recovery actions in the BOA, which would 12 
involve localized noise increases from machinery, generators, and other equipment.  The noise increase 13 
would be short in duration, minimizing impacts.  Thus, no significant impacts to ambient noise levels are 14 
expected. 15 
 16 
4.3 Cumulative Effects 17 
 18 
Cumulative effects are considered to be those resulting from the incremental effects of an action when 19 
considering past, present, and reasonably foreseeable future actions, regardless of the agencies or parties 20 
involved.  In other words, cumulative effects can result from individually minor, but collectively 21 
potentially significant, impacts occurring over the duration of the Proposed Action and within the same 22 
geographical area. 23 
 24 
The following sections describe the potential for cumulative impacts to occur at the BOAs within the 25 
Vandenberg AFB; Guam; the flight corridor; the EEZs of Guam, the FSM, and the ROP; and within the 26 
global environment as a result of the ongoing MMIII ERFT flight tests. 27 
 28 
4.3.1 Vandenberg Air Force Base 29 
 30 
Vandenberg AFB is the only facility in the US from which unmanned Government and commercial 31 
satellites can be launched into polar orbit, and where land-based ICBMs can be launched to verify 32 
weapon system performance.  As the headquarters of the 30th SW, Vandenberg launches a number of 33 
ballistic missiles and space-lift vehicles.  In addition to the two planned MMIII ERFT flights, two more 34 
MMIII launches per year are expected from Vandenberg AFB.  These are analyzed in the MMIII SEA [in 35 
progress], with a Finding of No Significant Impact to any of the evaluated resources.  No cumulative 36 
impacts are anticipated from the addition of two MMIII ERFT launches substituted for two of the four 37 
launches per year nominally launched to the Kwajalein vicinity. 38 
 39 
4.3.2 Guam 40 
 41 
The activities at Guam associated with the MMIII ERFT flights are very limited in nature.  42 
Shipping/receiving, loading and unloading are actions that occur routinely in warehouses and ports and 43 
the addition of two MMIII ERFT flight tests would not substantially increase those activities.  By 44 
following appropriate health and safety procedures, and by implementing regulatory requirements for 45 
management of hazardous materials and wastes, no cumulative impacts would occur at Guam from the 46 
MMIII ERFT flights. 47 


48 
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4.3.3 Over-Ocean Flight Corridor and the Global Environment 1 
 2 
Flight termination during a MMIII ERFT test is unlikely and impacts to biological resources from flight 3 
termination are of a very low probability.  Although other MMIII flights would occur, their flight paths 4 
would not be the same as the ERFT flights, and the combined emissions would not be consequential.  5 
However, any emission of ozone-depleting gases represents a minute increase that could have incremental 6 
effects on the global atmosphere.  Few other missile flights are expected through this same flight corridor.  7 
Therefore, no cumulative impacts are anticipated. 8 
 9 
4.3.4 Proposed Impacts Sites – Broad Ocean Areas 10 
 11 
For the BOAs of Guam, Micronesia, and Palau, and international waters, the two proposed MMIII ERFT 12 
missile component drop zones and RV target sites are the only occurrences within this ROI.  With no 13 
other planned missile test flights to this area, no cumulative impacts are expected from the Proposed 14 
Action. 15 
 16 
4.4 Summary of Environmental Management and Monitoring Actions 17 
 18 
Throughout this SEA, various environmental management controls and monitoring systems are described.  19 
Required by Federal, state, DOD, and agency-specific environmental and safety regulations, these 20 
measures are implemented through normal operating procedures. 21 
 22 
Although no significant impacts are expected to result from the MMIII ERFT flight tests and 23 
implementation of the Proposed Action, some specific environmental management and monitoring 24 
actions have been identified to minimize the level of impacts that might occur.  These are summarized 25 
below and include the relevant sections of the SEA where they are further described. 26 
 27 
4.4.1 Vandenberg AFB 28 


 29 
1) The activities required for environmental management and monitoring actions are presented in 30 


the MMIII SEA [in progress]. 31 
 32 
4.4.2 Guam 33 
 34 


1) Only trained and certified operators would operate the lifting and loading of equipment.  (Section 35 
4.2.2.1) 36 


2) Personnel would train and practice deployment, operation, and recovery of the sensor rafts, under 37 
the guidance of a highly experienced supervisor.  (Section 4.2.2.1) 38 


3) All required OSHA regulations within 29 CFR would be followed, as well as all appropriate 39 
DOD, LLNL, and environmental guidance, directives and procedures.  (Section 4.2.2.1) 40 


4) The warehouse and port facilities would follow US Resources Conservation and Recovery Act 41 
requirements for management of hazardous materials, including implementation of SPCC plans 42 
with procedures for disposing of waste following a spill event cleanup.  (Section 4.2.2.2) 43 


 44 
4.4.3 Over-Ocean Flight Corridor 45 
 46 


1) Range safety policy requirements implemented for ballistic and space vehicle operations are 47 
defined in Eastern and Western Range (EWR) 127-1 (Range Safety Requirements).  The Air 48 
Force Space Command (AFSPC) Manual 91-710 (Range Safety User Requirements) establishes 49 
range safety policy, and defines requirements and procedures for ballistic and space vehicle 50 
operations at Vandenberg AFB.  (Section 4.2.3.2) 51 
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2) Over-ocean launches must comply with DOD Instruction 4540.01 (Use of International Airspace 1 
by US Military Aircraft and for Missile/Projectile Firings). Air Force Policy Directive 91-2 2 
(Safety Programs) establishes the key USAF safety.  (Section 4.2.3.2) 3 


3) The 30 SW Safety Office and contractors conduct a comprehensive safety analysis prior to each 4 
launch to determine specific missile launch and flight hazards to ensure populated areas, critical 5 
range assets, and civilian property susceptible to damage are outside predicted impact/debris 6 
limits.  (Section 4.2.3.2) 7 


4) The NOTAMs and NOTMARs are published and circulated by 30 SW/RTS in accordance with 8 
30 SWI 91-104 (Operations Hazard Notice) to warn personnel to avoid hazard areas within 9 
international airspace and waters.  (Section 4.2.3.2) 10 


5) Flight corridors are designed to avoid inhabited areas; should a MMIII missile head off course or 11 
other problems occur during flight, the Missile Flight Control Officer would activate the destruct 12 
package on the missile.  (Section 4.2.3.2) 13 


 14 
4.4.4 Proposed Impacts Areas - BOAs 15 
 16 


1) As data collection instruments are deployed, LLNL personnel will observe the impact and 17 
surrounding area to the best of their ability for indications of sea turtle or marine mammal 18 
presence.  If such indications exist or sea turtle or marine mammal individuals are observed to 19 
persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 20 
AFGSC personnel, who will determine the potential for holding launch activities to allow the 21 
animals to pass through the area of concern.  (Section 4.2.4.2). 22 


2) During the flight test, personnel in the vicinity of the impact area would comply with the 23 
applicable DOD or LLNL Hearing Conservation Program and adhere to health and safety policies 24 
and procedures.  (Section 4.2.4.3) 25 


3) Proper procedures and all regulations identified in section 3.4.4 would be followed, including 26 
RCRA for hazardous materials and waste management.  (Section 4.2.4.4) 27 


 28 
4.5 Conclusions 29 
 30 
Based upon review of the facts and analyses contained in the SEA, the USAF has concluded that neither 31 
the Proposed Action nor the No Action Alternative will have a significant environmental impact, either by 32 
itself or cumulatively with other projects.  Accordingly, the requirements of NEPA, the CEQ Regulations, 33 
32 CFR Part 989 are fulfilled and an Environmental Impact Statement is not required. 34 
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Species protected by The Marine Mammal Protection Act (MMPA) potentially occurring in the over-
ocean flight corridor and/or MMIII component impact areas in the west Pacific Ocean are briefly 
described below as provided in the Mariana Islands Range Complex (MIRC) Environmental Impact 
Statement (EIS) (Commander, Pacific Fleet, Executive Agent, 2010): 
 
Bryde’s Whale (Balaenoptera edeni) 
Population Status—There were an estimated 233 ([Coefficient of Variance] CV = 0.45; 95% Confidence 
Indicator [CI] = 99-546) Bryde’s whales in the Mariana Islands Sea Turtle and Cetacean Survey 
(MISTCS) study area, and density was estimated as 0.00041 animals per square kilometer (CV = 0.45).  
The International Whaling Commission recognizes three management stocks of Bryde’s whales in the 
North Pacific: Western North Pacific, Eastern North Pacific, and East China Sea.  The Bryde’s whale is 
designated as “data deficient” on the IUCN Red List. 


Distribution—Bryde’s whale is found year-round in tropical and subtropical waters in either hemisphere.  
They have been reported to occur in both deep and shallow waters globally.  Long migrations are not 
typical of Bryde’s whales, though limited shifts in distribution toward and away from the equator, in 
winter and summer, respectively, have been observed.  Bryde’s whales have a broad, overlapping winter 
and summer distribution in the Central Pacific from 5°S to 40°N, and are the most common baleen whales 
likely to occur in the Mariana Islands from May to July, and possibly August. 


Historical records show a consistent presence of Bryde’s whales in the Mariana Islands.  Bryde’s whales 
were sighted in the Mariana Islands during a 1994 survey, in the western Pacific.  These whales are 
typically only seen when surface water temperature is greater than 68°Fahrenheit (F) (20°Centigrade [C]) 
although a preference for water temperatures between approximately 59° and 68°F (15° and 20°C) has 
been reported.  A single Bryde’s whale washed ashore on Masalok Beach on Tinian in February 2005.  
There was one sighting in July 1999, approximately 5 to 10 nautical miles (nm) (9.3 to 18.5 kilometers 
[km]) west of Farallon de Medinilla.  Additionally, there was a sighting 105 nm (195 km) southeast of 
Guam made during December 1996, which was reported to the NMFS for their Platforms of Opportunity 
Program.  Occurrence patterns are expected to be the same throughout the year. 


Bryde’s whales were observed at least 18 times during the three month Navy survey in 2007.  They were 
observed in groups of one to three, with several sightings including calves.  Bryde’s whales were sighted 
in deep waters, ranging from 8,363 to 24,190 feet (ft) (2,534 to 7,330 meters [m]).  There were several 
sightings in waters over and near the Mariana Trench.  Most sightings though were associated with 
bathymetric relief (e.g., steeply sloping areas and seamounts), including sightings adjacent to the 
Chamorro Seamounts east of the Commonwealth of Northern Mariana Islands and over the West Mariana 
Ridge.  There were also concentrations in the southeast corner of the MISTCS study area.  Multi-species 
aggregations with sei whales also were observed on several occasions.  During marine mammal 
monitoring for Valiant Shield 07, a single Bryde’s whale was observed about 87 nm (161 km) east of 
Guam at the edge of the Mariana Trench. 


While 25°N may represent the northernmost extent of Bryde’s whale winter distribution (5°S to 25°N), 
they can range from 5°N to 40°N during summer, suggesting that winter and summer ranges overlap.  The 
majority of August sightings reported in the Western Pacific for Bryde’s whales are between 20 to 40°N, 
although there was no reported sighting effort south of 20°N.  Bryde’s whales sometimes are seen very 
close to shore and even inside enclosed bays. 


Reproduction/Breeding—Breeding and calving occur in warm temperate and tropical areas but regularly 
used sites have not been identified. 


Diving Behavior—Bryde’s whales are lunge-feeders, feeding on fish and krill and might dive as long as 
20 minutes. 


Acoustics—Bryde’s whales produce low frequency tonal and swept calls similar to those of other 
balaenopterid whales.  Calls vary regionally, yet all but one of the call types have a fundamental 
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frequency below 60 Hertz (Hz); they last from 0.25 seconds to several seconds; and they are produced in 
extended sequences.  There appear to be five tone types.  While no data on hearing ability for this species 
are available, it has been hypothesized that mysticetes have acute infrasonic hearing. 


Minke whale (Balaenoptera acutorostrata) 
Population Status—The minke whale is designated as “least concern” on the IUCN Red List.  There are 
no abundance estimates for this species in this area.  It has been noted that densities of minke whales 
throughout the North Pacific are low; however, frequent acoustic detections suggest that this may be due 
to their cryptic nature.  The International Whaling Commission recognizes three stocks of minke whales 
in the North Pacific, one of which is in the western Pacific west of 180ºN (sic). 


The minke whale was frequently detected acoustically (29 detections) during the MISTCS cruise.  
However, since there were no visual sightings, no abundance or density could be calculated for this 
species.  A density estimate of 0.0003 animals per km2 (CV = 0.71) was derived from the eastern tropical 
Pacific surveys. 


Distribution—The minke whale generally occupies waters over the continental shelf, including inshore 
bays and estuaries.  However, based on whaling catches and surveys worldwide, there is also a deep-
ocean component to the minke whale’s distribution.  During August in the North Pacific, minke whales 
are more common in the Bering and Chukchi seas and in the Gulf of Alaska. 


Minke whales are distributed in polar, temperate, and tropical waters; they are less common in the tropics 
than in cooler waters and are present in the North Pacific from near the equator to the Arctic.  In the 
winter, minke whales are found south to within 2° of the equator.  There is no obvious migration from 
low-latitude, winter breeding grounds to high-latitude, summer feeding locations in the western North 
Pacific, as there is in the North Atlantic; however, there are some monthly changes in densities in both 
high and low latitudes.  Some coastal minke whales restrict their summer activities to exclusive home 
ranges and exhibit site fidelity to these areas between years. 


Minke whales were the most frequently acoustically detected species of baleen whale during the Navy’s 
2007 survey and were found mostly in the southwestern area of the MIRC near the Mariana Trench.  It is 
not unusual to have acoustic sightings with no visual confirmation due to the cryptic behavior of this 
species in tropical waters.  Minke whale vocalizations in the Pacific Islands have been reported only 
during the winter months, however it is not known if this is indicative of a seasonal migration. 


Reproduction/Breeding—It has been suggested that mating occurs in winter or early spring although it 
has never been observed. 


Diving Behavior—A general surfacing pattern of minke whales was observed to consist of about four 
surfacings, interspersed by short-duration dives averaging 38 seconds.  After the fourth surfacing, there 
was a longer duration dive ranging from approximately 2 to 6 minutes.  Minke whales are “lunge feeders” 
like the other balaenopterid whales, although different feeding strategies used by minke whales have been 
reported.  In the North Pacific, major food items include krill, Japanese anchovy, Pacific saury, and 
walleye pollock. 


Acoustics—Recordings in the presence of minke whales have included both high- and low-frequency 
sounds.  Two basic forms of pulse trains were attributed to minke whales: a “speed up” pulse train with 
energy in the 200 to 400 Hz band, with individual pulses lasting 40 to 60 milliseconds, and a less 
common “slow-down” pulse train characterized by a decelerating series of pulses with energy in the 250 
to 350 Hz band.  Recorded vocalizations from minke whales have dominant frequencies of 60 Hz to 
greater than 12,000 Hz, depending on vocalization type.  


Recorded source levels, depending on vocalization type, range from 151 to 175 decibels referenced to 1 
micropascal-meter (dB re 1 μPa-m).  A complex and stereotyped sound sequence (“star-wars 
vocalization”) in the Southern Hemisphere that spanned a frequency range of 50 Hz to 9.4 kilohertz (kHz) 
has been reported.  Broadband source levels between 150 and 165 dB re 1 μPa-m were calculated.  
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“Boings,” recently confirmed to be produced by minke whales and suggested to be a breeding call, consist 
of a brief pulse at 1.3 kHz, followed by an amplitude modulated call with greatest energy at 1.4 kHz, with 
slight frequency modulation over a duration of 2.5 seconds.  While no data on hearing ability for this 
species are available, mysticetes may have acute infrasonic hearing. 
Blainville’s Beaked Whale (Mesoplodon densirostris) 
Population Status—The Blainville’s beaked whale is designated as “data deficient” on the IUCN Red List 
(Reeves et al., 2002) (IUCN Red List version 2009.2).  There are no abundance estimates for the 
Blainville’s beaked whale in this area.  There was no density estimate for Blainville’s beaked whales 
available from the Mariana Islands, therefore, a density estimate of 0.0013 animals per km2 (CV = 0.71) 
that was derived from the offshore Hawaii area was used. 


Distribution—The Blainville’s beaked whale occurs in temperate and tropical waters of all oceans.  In the 
eastern Pacific tropical waters, where there are about a half-dozen Mesoplodon spp. known, the 
Blainville’s beaked whale is second only to the pygmy beaked whale (Mesoplodon peruvianus) in 
abundance.  In waters of the western Pacific, where the pygmy beaked whale is not considered to be 
present, the Blainville’s beaked whale is probably the most common and abundant tropical species of 
Mesoplodon.  Beaked whales may be expected to occur in the area including, and seaward of, the shelf 
break.  Two Mesopolodon spp. were observed during the Navy’s 2007 survey, over the West Mariana 
Ridge, but were not identified to the species level.  Occurrence of beaked whales on the shelf between the 
165 ft (50 m) isobath and the shelf break are not expected.  This takes into account that deep waters come 
very close to the shore in this area.  In some locales, beaked whales can be found in waters over the shelf, 
so it is possible that beaked whales have similar habitat preferences here.  Occurrence patterns are 
expected to be the same throughout the year.  Recent information suggests that beaked whale species 
(Blainville’s and Cuvier’s beaked whales, and northern bottlenose whales) show site fidelity and have 
beeen sighted in the area over many years. 


Reproduction/Breeding—Beaked whales generally breed in October and November, but little else is 
known of their reproductive behavior. 


Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whales, the 
Baird’s beaked whale, feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish 
such as mackerel, sardine, and saury.  Four beaked whales Blainville’s beaked whales off the west coast 
of Hawaii foraged in deep ocean areas (2,270 to 9,855 ft [688 to 2,986 m]) with a maximum dive to 4,619 
ft (1,400 m).  Dives ranged from at least 13 minutes (lost dive recorder during the dive) to a maximum of 
68 minutes. 


Acoustics—Beaked whales possibly use frequencies of between 300 Hz and 129 kHz for echolocation, 
and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  In 2004, Blainville’s 
beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz although 40 kHz was 
the upper range of recording equipment.  Therefore, it is possible that Blainville’s beaked whales may use 
frequencies similar to those measured for Cuvier’s beaked whales, i.e, frequencies from 20 to 70 kHz.  In 
2004 in the Ligurian Sea, the source level of two Blainville’s beaked whale clicks ranged from 200 to 220 
dB re 1 μPa-m, as measured peak to peak.  Blainville’s beaked whales produce whistles and pulsed 
sounds between 6 and 16 kHz.  No hearing data is available for Blainville’s beaked whales but it has been 
reported that the Gervais beaked whale could hear in the range of 5 to 80 kHz although no measurements 
were attempted above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 


Bottlenose dolphin (Tursiops truncatus) 
Population Status—There were an estimated 122 (CV = 0.99; 95% CI = 5.0-2,943) bottlenose dolphins in 
the MISTCS study area and density was estimated as 0.00021 animals per km2 (CV = 0.99).  Bottlenose 
dolphin group size ranged from 3 to 10 individuals and calves were seen during several sightings.  
Bottlenose dolphins are designated as “least concern” on the 2009 IUCN Red List.  Nothing is known of 
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stock structure around the Marianas.  The only estimate of abundance of bottlenose dolphins for the 
region is an estimate of 31,700 animals for the Western North Pacific, which may possibly coincide with 
the stock of offshore bottlenose dolphins that occurs around the Marianas. 


Distribution—Bottlenose dolphins off the Pacific coast of the U.S. are known to feed primarily on surf 
perches (Family Embiotocidae) and croakers (Family Sciaendae).  Bottlenose dolphins are expected to 
occur from the coastline to the 6,600 ft (2,000 m) isobath, which takes into consideration the known 
habitat preferences of Tursiops globally.  Individuals are expected to occur in both harbors and lagoons, 
based on observations worldwide in similar habitats.  There is a low or unknown occurrence of the 
bottlenose dolphin seaward of the 6,600 ft (2,000 m) isobath.  This pattern takes into account possible 
movement by bottlenose dolphins between the Mariana Islands chain, as well as sightings globally in 
deep waters.  Occurrence patterns are expected to be the same throughout the year.  There are no 
stranding records available for this species in the Marianas area and vicinity, and only a mention that 
bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of bottlenose 
dolphins do not occur in great numbers in this island chain due to the fact that the area does not have a 
significant shelf component.  A similar situation could be occurring in the MIRC Study Area and vicinity. 


Bottlenose dolphins were sighted three times during the Navy’s 2007 MISTCS survey, two of the 
sightings were in the vicinity of Challenger Deep, while the other sighting was east of Saipan near the 
Mariana Trench in deep waters ranging from 13,995 to 16,536 ft (4,241 to 5,011 m).  One of the sightings 
near the Challenger Deep was a mixed-species aggregation that included sperm whales (with calves) 
logging at the surface.  Another mixed-species aggregation involved bottlenose dolphins with short-
finned pilot whales and rough-toothed dolphins. 


Reproduction/Breeding—Newborn calves are observed throughout the year and may be influenced by 
productivity and food abundance.  In 1993, it was reported that all his sightings of bottlenose dolphins in 
the western Pacific were of a larger, unspotted type (presumably the bottlenose dolphin, as opposed to the 
similar Indo-Pacific bottlenose dolphin).  The Indo-Pacific bottlenose dolphin is considered to be a 
species associated with continental margins, as it does not appear to occur around offshore islands great 
distances from a continent, such as the Marianas.  However, since the Indo-Pacific bottlenose dolphin 
occurs directly west and to the south of the Marianas area, there is the possibility of extralimital 
occurrences of this species. 


There are no stranding records available for this species in the Marianas area and vicinity, and only a 
mention that bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of 
bottlenose dolphins do not occur in great numbers in this island chain due to the fact that the area does not 
have a significant shelf component.  A similar situation could be occurring in the MIRC Study Area and 
vicinity. 


Diving Behavior—Pacific coast bottlenose dolphins feed primarily on surf and croakers, and also 
consume squid.  Navy bottlenose dolphins have been trained to reach maximum diving depths of about 
984 ft (298 m). 


The presence of deep-sea fish in the stomachs of some offshore individual bottlenose dolphins suggests 
that they dive to depths of more than 1,638 ft (496 m).  Dive durations up to 15 minutes have been 
recorded for trained individuals.  Typical dives, however, are more shallow and of a much shorter 
duration. 


Offshore bottlenose dolphins in the Bahamas dove to depths below 1,485 ft (450 m) and for over five 
minutes during the night but dives were shallow (<165 ft [50 m]) during the day.  In contrast, the dives of 
offshore bottlenose dolphins off the east coast of Australia were mostly within 16.5 ft (5 m) of the surface 
(approximately 67 percent of dives) with the deepest dives to only 495 ft (150 m).  A comparison of 
hemoglobin concentration and hematocrit, important to oxygen storage for diving, between Atlantic 
coastal and offshore bottlenose dolphins shows higher levels of both in offshore dolphins (Hersh and 
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Duffield, 1990).  The increase in hemoglobin and hematocrit suggest greater oxygen storage capacity in 
the offshore dolphin which may allow it to dive longer in the deep offshore areas that they inhabit. 


Acoustics—Sounds emitted by bottlenose dolphins have been classified into two broad categories: pulsed 
sounds (including clicks and burst-pulses) and narrow-band continuous sounds (whistles), which usually 
are frequency modulated (FM).  Clicks and whistles have a dominant frequency range of 110 to 130 kHz 
and a peak to peak source level of 218 to 228 dB re 1 μPa-m and 3.5 to 14.5 kHz and 125 to 173 dB re 1 
μPa-m, respectively.  Generally, whistles range in frequency from 0.8 to 24 kHz. 


The bottlenose dolphin has a functional high-frequency hearing limit of 160 kHz and can hear sounds at 
frequencies as low as 40 to 125 Hz (Turl, 1993).  Inner ear anatomy of this species has been described.  
Electrophysiological experiments suggest that the bottlenose dolphin brain has a dual analysis system: 
one specialized for ultrasonic clicks and the other for lower-frequency sounds, such as whistles.  
Scientists have reported a range of best sensitivity between 25 and 70 kHz, with peaks in sensitivity 
occurring at 25 and 50 kHz. 


Temporary threshold shift (TTS) in hearing have been experimentally induced in captive bottlenose 
dolphins using a variety of noises (i.e., broad-band, pulses).  For example, TTS has been induced with 
exposure to a 3 kHz, one-second pulse with sound exposure level (SEL) of 195 decibel re 1 micropascal 
squared-second (dB re 1 μPa2-s), one-second pulses from 3 to 20 kHz at 192 to 201 dB re 1 μPa, octave 
band noise (4 to 11 kHz) for 50 minutes at 179 dB re 1 μPa, and sonar signals (0.5 seconds in duration) 
spaced 24 seconds at 5.6 kHz.  Preliminary research indicates that TTS and recovery after noise exposure 
are frequency dependent and that an inverse relationship exists between exposure time and sound pressure 
level associated with exposure.  TTS was induced by repeated exposures to intense sonar pings with 
received sound exposure levels of 214 dB re: 1 μPa2-s, suggesting that for TTS to occur from sonar in the 
environment, the dolphin would need to be within 40 m of the source and exposed for approximately 2-
2.5 minutes.  The authors suggest that this would be an unlikely situation out in the open ocean and 
concluded that a SEL of 195 dB re 1 μPa2-s is a reasonable threshold for the onset of TTS in bottlenose 
dolphins exposed to mid-frequency tones. 


Cuvier’s beaked whale (Ziphius cavirostris) 
Population Status—There are no abundance estimates for the Cuvier’s beaked whale in this area.  The 
Cuvier’s beaked whale is designated as “least concern” on the 2009 IUCN Red List.  There was no 
density estimate for Cuvier’s beaked whales available from the Mariana Islands, therefore, a density 
estimate of 0.0052 animals per km2 (CV = 0.83) that was derived from the offshore Hawaii area was used. 


Distribution—Beaked whales may be expected to occur in the area mostly seaward of the shelf break.  
One ziphiid whale was observed during the Navy’s 2007 survey in deep water, but was not identified to 
the species level.  There is a low or unknown occurrence of beaked whales on the shelf between the 165 ft 
(50 m) isobath and the shelf break, which takes into account that deep waters come very close to the shore 
in this area.  In some locales, beaked whales can be found in waters over the shelf, so it is possible that 
beaked whales have similar habitat preferences here.  Occurrence patterns are expected to be the same 
throughout the year.  During marine mammal monitoring for Valiant Shield 07, a single Cuvier’s beaked 
whale was observed about 65 nm (120 km) south of Guam at the edge of the Mariana Trench.  Little is 
known about the habitat preferences of any beaked whale.  Based on current knowledge, beaked whales 
normally inhabit deep ocean waters (>6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 
2,000 m]), and only rarely stray over the continental shelf.  Cuvier’s beaked whale generally is sighted in 
waters >660 ft (200 m) deep, and is frequently recorded at depths >3,300 ft (1,000 m).  They are 
commonly sighted around seamounts, escarpments, and canyons and occur in deeper waters than 
Blainville’s beaked whales in the Bahamas.  In Hawaii, Cuvier’s beaked whales showed a high degree of 
site fidelity in a study spanning 21 years and showed that there was an offshore population and an island 
associated population.  The site fidelity in the island associated population was hypothesized to take 
advantage of the influence of islands on oceanographic conditions that may increase productivity. 
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Reproductive/Breeding—Little is known of beaked whale reproductive behavior.  


Diving Behavior—Cuvier’s beaked whales are generally sighted in waters with a bottom depth greater 
than about 650 ft (197 m) and are frequently recorded at depths of 3,282 ft (995 m) or more.  They are 
commonly sighted around seamounts, escarpments, and canyons.  In the eastern tropical Pacific Ocean, 
the mean bottom depth for Cuvier’s beaked whales is approximately 11,154 ft (3,380 m), with a 
maximum depth of over 16,732 ft (5,070 m).  Recent studies show that Cuvier’s beaked whales dive 
deeply (maximum of 4,757 ft [1,442 m]) and for long periods (maximum dive duration of 68.7 minutes) 
but also spent time at shallow depths.  Deep diving for Cuvier’s beaked whales have been recorded with a 
mean depth of 3,510 ft (1,064 m) and mean duration of 58 minutes. 


Acoustics—It has been suggested that beaked whale species use frequencies of between 300 Hz and 129 
kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  
Cuvier’s beaked whales’ echolocation clicks were recorded at frequencies from 20 to 70 kHz.  Cuvier’s 
beaked whales only echolocated below 660 ft (200 m).  Echolocation clicks are produced in trains 
(interclick intervals near 0.4 seconds) and individual clicks are frequency modulated pulses with durations 
of 200 to 300 microseconds, the center frequency was around 40 kHz with no energy below 20 kHz. 


In the only hearing study of a beaked whale, it was reported reported that the Gervais beaked whale 
(Mesoplodon europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted 
above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 


Dwarf Sperm Whale (Kogia sima) 
Population Status—The dwarf sperm whale is not listed as endangered under the ESA and is not a 
depleted or strategic stock under the MMPA.  The dwarf sperm whale is designated as “data deficient” on 
the 2009 IUCN Red List.  There is no information on the population trend of dwarf sperm whales or their 
abundance in the Marianas area.  There was no density estimate for dwarf sperm whales available from 
the Mariana Islands, therefore, a density estimate of 0.0078 animals per km2 (CV = 0.66) that was derived 
from the Hawaii offshore area was used. 


The difficulty in differentiating between the two Kogia species (dwarf sperm whales and pygmy sperm 
whales) considered in the MIRC EIS is exacerbated by their avoidance reaction towards ships and change 
in behavior towards approaching survey aircraft).  Based on the cryptic behavior of these species and their 
small group sizes (much like that of beaked whales), as well as similarity in appearance, it is difficult to 
identify these species in sightings at sea. 


Distribution—Both species of Kogia generally occur in waters along the continental shelf break and over 
the continental slope.  The primary occurrence for dwarf sperm whales is seaward of the shelf break and 
in deep water with a mean depth of 4,674 ft (779 fathoms, 1,416 m) (Baird 2005).  This takes into account 
their preference for deep waters.  There is a rare occurrence for Kogia inshore of the area of primary 
occurrence.  Occurrence is expected to be the same throughout the year.  Dwarf sperm whales showed a 
high degree of site fidelity, determined from photo identification over several years, in areas west of the 
island of Hawaii.  During marine mammal monitoring for Valiant Shield 07, a group of three 
dwarf/pygmy sperm whales were observed about eight nm (15 km) east of Guam. 


There are only two stranding records for the dwarf sperm whale in the MIRC area and vicinity. 


Reproduction/Breeding—There is no information on the breeding behavior within the MIRC.  No 
breeding or calving areas for the Mariana Islands have been described. 


Diving Behavior—Dwarf sperm whales feed on cephalopods and, less often, on deep-sea fishes and 
shrimps, making dives of up to 25 minutes.  Median dive times of around 11 minutes have been 
documented for Kogia. 


Acoustics—Although there is no information available on dwarf sperm whale vocalizations or hearing 
capabilities, there is data on the closely-related pygmy sperm whale.  Pygmy sperm whale clicks range 
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from 60 to 200 kHz, with a dominant frequency of 120 kHz.  An auditory brainstem response study 
indicates that pygmy sperm whales have their best hearing between 90 and 150 kHz, and it would be 
logical to assume similar acoustic characteristics in dwarf sperm whales due to similar feeding and diving 
behavior. 


Although little is known about the functional hearing range of Kogia, they are assumed to be most 
sensitive to acoustic energy in the high frequency range.  Active sonar outside this area may not result in 
responses as strong as those that occur within their best hearing sensitivity.  


Fraser’s Dolphin (Lagenodelphis hosei) 
Population Status—This species is designated as “least concern” on the 2009 IUCN Red List.  There are 
no abundance estimates available for the Fraser’s dolphin in this area.  There was no density estimate for 
Fraser’s dolphins available from the Mariana Islands, therefore, a density estimate of 0.0069 animals per 
km2 (CV = 1.11) that was derived from the Hawaii offshore area was used. 


Distribution—The Fraser’s dolphin is an oceanic species.  In the Gulf of Mexico, this species has been 
seen in waters over the abyssal plain.  In some locales, as noted earlier, Fraser’s dolphins do approach 
closer to shore, particularly in locations where the shelf is narrow and deep waters are nearby, so there is 
also a low or unknown occurrence from the 330 ft (100 m) isobath to the shelf break.  In the offshore 
eastern tropical Pacific, this species is distributed mainly in upwelling-modified waters.  Occurrence 
patterns are assumed to be the same throughout the year. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been identified (Jefferson and Leatherwood 1994). 


Diving Behavior—Fraser's dolphins feed on mid-water fishes, squids, and shrimps.  There is no 
information available on depths to which Fraser's dolphins dive, but they are thought to be capable of 
deep dives. 


Acoustics—Very little is known of the acoustic abilities of the Fraser’s dolphin.  Fraser's dolphin whistles 
have a frequency range of 7.6 to 13.4 kHz and recent data extended that range to 6.6 to 23.5 kHz with 
durations of 0.06 to 0.93 seconds.  There are no hearing data for this species. 


Ginkgo-toothed Beaked Whale (Mesoplodon ginkgodens) 
Population Status—There was no density estimate for ginkgo-toothed beaked whales available from the 
Mariana Islands, therefore, a density estimate of 0.0005 animals per km2 (CV = 0.45 – 1.00) that was 
derived from the Hawaii offshore area was used.  The ginkgo-toothed beaked whale is designated as “data 
deficient” in the North Pacific on the 2009 IUCN Red List. 


Distribution—Beaked whales normally inhabit deep ocean waters (>6,600 ft [2,000 m]) or continental 
slopes (660 to 6,600 ft [200 to 2,000 m]), and only rarely stray over the continental shelf.  Based on 
stranding records in the eastern Pacific Ocean, this species may select relatively cool, upwelling-modified 
habitats, such as those found in the California and Peru Currents and along the equatorial front.  Beaked 
whales may be expected to occur in the area including, and seaward of, the shelf break.  There is a low or 
unknown occurrence of beaked whales on the shelf between the 165 ft (50 m) isobath and the shelf break, 
which takes into account that deep waters come very close to the shore in this area.  In some locales, 
beaked whales can be found in waters over the shelf, so it is possible that beaked whales have similar 
habitat preferences here.  Occurrence patterns are expected to be the same throughout the year.  Very little 
is known about the distribution of this species.  What is known of its range suggests any records in the 
Marianas area and vicinity would be rare. 


The ginkgo-toothed whale is known only from strandings (there are no confirmed live sightings) in 
temperate and tropical waters of the Pacific and Indian Oceans.  There are no occurrence records for this 
species in the MIRC Study Area and vicinity, but this area is within the known distribution range for this 
species. 
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Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whales, the 
Baird’s beaked whale, feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish 
such as mackerel, sardine, and saury.  Blainville’s beaked whales off the west coast of Hawaii foraged in 
deep ocean areas (2,270 to 9,855ft [688 to 2,986 m]) with a maximum dive to 4,619 ft (1,400 m).  Dives 
ranged from at least 13 minutes (lost dive recorder during the dive) to a maximum of 68 minutes.  A mean 
depth of 2,740 ft (830 m) and mean duration of 46.5 minutes for Baird’s beaked whales have been 
reported. 


Acoustics—Nothing is known of the acoustic abilities of the gingko-toothed whale but information is 
available for other beaked whale species, suggesting that beaked whales use frequencies of between 300 
Hz and 129 kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social 
communication.  Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 
40 kHz and Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 


In the only hearing study on beaked whales, it was reported that the Gervais beaked whale (Mesoplodon 
europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted above 80 
kHz).  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 


Killer whale (Orcinus orca) 
Population Status—This species is designated as “data deficient” on the 2009 IUCN Red List.  There are 
no abundance estimates available for the killer whale within the MIRC Study Area.  Little is known of 
stock structure of killer whales in the North Pacific, with the exception of the northeastern Pacific where 
resident, transient, and offshore stocks have been described for coastal waters of Alaska, British 
Columbia, and Washington to California.  There was no density estimate for killer whales available from 
the Mariana Islands, therefore, a density estimate of 0.0002 animals per km2 (CV = 0.72) that was derived 
from the offshore Hawaii area was used. 


Distribution—Killer whales in general are uncommon in most tropical areas.  The distinctiveness of this 
species would lead it to be reported more than any other member of the dolphin family, if it occurs in a 
certain locale.  Killer whales have been reported in the tropical waters around Guam, Yap, and Palau “for 
years.”  However; a small number of sighting documentation substantiate this claim.  There are a few 
sightings (most are unconfirmed) of killer whales off Guam, including a sighting 14.6 nm (27 km) west of 
Tinian during January, 1997 reported to the NMFS Platforms of Opportunity Program.  There was also a 
badly decomposed killer whale found stranded on Guam in August 1981. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—The maximum depth recorded for free-ranging killer whales diving off British 
Columbia is about 864 ft (262 m).  On average, however, for seven tagged individuals, less than 1 percent 
of all dives examined were to depths greater than about 99 ft (30 m).  The longest duration of a recorded 
dive from a radio-tagged killer whale was 17 minutes. 


Acoustics—The killer whale produces a wide variety of clicks and whistles, but most of its sounds are 
pulsed and at 1 to 6 kHz.  Peak to peak source levels of echolocation signals range between 195 and 224 
dB re 1 μPa-m.  The source level of social vocalizations ranges between 137 to 157 dB re 1 μPa-m.  
Acoustic studies of resident killer whales in British Columbia have found that there are dialects, in their 
highly stereotyped, repetitive discrete calls, which are group-specific and shared by all group members.  
These dialects likely are used to maintain group identity and cohesion, and may serve as indicators of 
relatedness that help in the avoidance of inbreeding between closely related whales.  Dialects also have 
been documented in killer whales occurring in northern Norway, and likely occur in other locales as well.  
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The killer whale has the lowest frequency of maximum sensitivity and one of the lowest high frequency 
hearing limits known among toothed whales.  The upper limit of hearing is 100 kHz for this species.  The 
most sensitive frequency, in both behavioral and in auditory brainstem response audiograms, has been 
determined to be 20 kHz. 


Longman’s Beaked Whale (Indopacetus pacificus) 
Population Status—Longman’s beaked whale is considered to be a relatively rare beaked whale species.  
This species is listed as “data deficient” on the 2009 IUCN Red List.  There was no density estimate for 
Longman’s beaked whales available from the Mariana Islands, therefore, a density estimate of 0.0003 
animals per km2 (CV = 1.05) that was derived from the Hawaii offshore area was used. 


Distribution—Longman’s beaked whale appears to have a preference for warm tropical water, with most 
sightings occurring in waters with a SST warmer than 79ºF (26ºC).  Beaked whales normally inhabit deep 
ocean waters (>6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 2,000 m]), and only 
rarely stray over the continental shelf.  Longman’s beaked whale is known from tropical waters of the 
Pacific and Indian Oceans.  All Longman’s beaked whale sightings were reported south of 25ºN.  Beaked 
whales may be expected to occur in the area including around seaward of the shelf break.  Longman’s 
beaked whale is not as rare as previously thought but is not as common as the Cuvier’s and Mesoplodon 
beaked whales. 


In general, there is a low or unknown occurrence of beaked whales on the shelf between the 165 ft (50 m) 
isobath and the shelf break, which takes into account that deep waters come very close to the shore in this 
area.  In some locales, beaked whales can be found in waters over the shelf, so it is possible that beaked 
whales have similar habitat preferences in these areas. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whale, the Baird’s 
beaked whale, feed mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as 
mackerel, sardine, and saury.  Prolonged dives by the Baird’s beaked whales for periods of up to 67 
minutes have been reported, though dives of about 84 to 114 ft (25 to 36 m) are typical, and dives of 45 
minutes are not unusual.  A mean depth of 2,740 ft (830 m) and mean duration of 46.5 minutes has been 
recorded for Baird’s beaked whales. 


Acoustics—Little is known of the acoustics of Longman’s beaked whale but information is available for 
other beaked whale species.  Beaked whales use frequencies of between 300 Hz and 129 kHz for 
echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  
Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz and 
Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 
 
Melon-headed Whale (Peponocephala electra) 
Population Status—There were an estimated 2,455 (CV = 0.70; 95% CI = 695-8,677) melon-headed 
whales in the MISTCS study area and density was estimated as 0.00428 animals per km2 (CV = 0.70 
USN, 2007a).  Melon-headed whale group size ranged from 80 to109 individuals.  This species is 
designated as “Least Concern” on the 2009 IUCN Red List. 


Distribution—The melon-headed whale is an oceanic species.  Occurrence patterns are assumed to be the 
same throughout the year.  There were two sightings of melon-headed whales during the Navy’s 2007 
survey, with group sizes of 80 to 109 individuals.  Additionally, there was a live stranding on the beach at 
Inarajan Bay, Guam in April 1980, and have been some sightings at Rota and Guam.  Melon-headed 
whales are expected to occur from the shelf break (660 ft [200 m] isobath) to seaward of the Marianas 
area and vicinity.  There is also a low or unknown occurrence from the coastline to the shelf break which 
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would take into account any sightings that could occur closer to shore since deep water is very close to 
shore at these islands.  For example, during 4 July 2004, there was a sighting of an estimated 500 to 700 
melon-headed whales and an undetermined smaller number of rough-toothed dolphins at Sasanhayan Bay 
(Rota) in waters with a bottom depth of 251 ft (76 m).  Occurrence patterns are assumed to be the same 
throughout the year. 


Melon-headed whales were sighted in waters with a bottom depth, ranging from 10,577 to 12,910 ft 
(3,205 to 3,912 m).  One of the two sightings was in the vicinity of the West Mariana Ridge.  Melon-
headed whales have also been observed in waters offshore of Palau. 


Reproduction/Breeding—Breeding behavior is unknown and it is unclear whether there is significant 
seasonality in calving. 


Diving Behavior—Melon-headed whales prey on squid, pelagic fishes, and occasionally crustaceans.  
Most of the fish and squid families eaten by this species consist of mesopelagic forms found in waters up 
to 4,950 ft (1,500 m) deep, suggesting that feeding takes place deep in the water column.  There is no 
information on specific diving depths for melon-headed whales. 


Acoustics—The only published acoustic information for melon-headed whales is from the southeastern 
Caribbean.  Sounds recorded included whistles and click sequences.  Whistles had dominant frequencies 
around 8 to 12 kHz; source levels for higher-level whistles were estimated at no more than 155 dB re 1 
μPa-m.  Clicks had dominant frequencies of 20 to 40 kHz; higher-level click bursts were judged to be 
about 165 dB re 1 μPa-m.  No data on hearing ability for this species are available. 


Pantropical spotted dolphin (Stenella attenuata) 
Population Status—There were an estimated 12,981 (CV = 0.70; 95% CI = 3,446-48,890) pantropical 
spotted dolphins in the MISTCS study area and density was estimated as 0.0226 animals per km2 (CV = 
0.70).  Pantropical spotted dolphin group size ranged from 1 to 115 individuals.  There were multiple 
sightings that included young calves, and one mixed species aggregation with melon-headed whales and 
another with an unidentified Balaenoptera spp.  These pantropical spotted dolphins were identified as the 
offshore morphotype. 


Pantropical spotted dolphins may have several stocks in the western Pacific, although this is not 
confirmed at present.  There were an estimated 127,800 spotted dolphins in the waters surrounding the 
Mariana Islands.  This species is designated as “least concern” on the 2009 IUCN Red List.  Three 
subspecies are recognized in the Pacific Ocean, two of which have not been formerly named.  S. a. 
subspecies A occurs in the offshore waters of the eastern tropical Pacific, S. a. subspecies B inhabits 
nearshore waters around the Hawaiian Islands, and S. a. graffmani occurs in coastal waters between Baja 
California and the northwestern coast of South America. 


Distribution—The pantropical spotted dolphin can be found throughout tropical and some subtropical 
oceans of the world.  Pantropical spotted dolphins are associated with warm tropical surface water.  
Pantropical spotted dolphins usually occur in deeper waters, and rarely over the continental shelf or 
continental shelf edge.  They are extremely gregarious, forming groups of hundreds or even thousands of 
individuals.  Range in the central Pacific is from the Hawaiian Islands in the north to at least the 
Marquesas in the south.  The pantropical spotted dolphin is primarily an oceanic species (Jefferson et al., 
1993).  Based on the known habitat preferences of the pantropical spotted dolphin, this species is 
expected to occur seaward of the shelf break (660 ft [200 m] isobath).  Low or unknown occurrence of the 
pantropical spotted dolphin from the coastline (except in harbors and lagoons) to the shelf break is based 
on sightings of pantropical spotted dolphins being reported in coastal waters of Guam. 


Pantropical spotted dolphins were sighted throughout the MIRC Study Area in waters with a variable 
bottom depth, ranging from 374 to 18,609 ft (113 to 5,639 m) in bottom depth.  The vast majority of the 
sightings (65 percent; 11 of 17 sightings) were in deep waters (>10,000 ft [3,030 m]); these findings 
match the known preference of this species for oceanic waters.  There was only one shallow-water 
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sighting 1.4 nm (2.5 km) north of Tinian during the humpback whale focal study, in waters with a bottom 
depth of 374 ft (113 m).  During marine mammal monitoring for Valiant Shield 07, a group of 30 
pantropical spotted dolphins was observed about 140 nm (255 km) south east of Guam.  


Reproduction/Breeding—In the Eastern Tropical Pacific there are two calving peaks, one in spring and 
one in fall. 


Diving Behavior—Results from various tracking and food habit studies suggest that pantropical spotted 
dolphins in the eastern tropical Pacific and off Hawaii feed primarily at night on epipelagic species and on 
mesopelagic species which rise towards the water’s surface after dark.  Dives during the day generally are 
shorter and shallower than dives at night; rates of descent and ascent are higher at night than during the 
day.  Similar mean dive durations and depths have been obtained for tagged pantropical spotted dolphins 
in the eastern tropical Pacific and off Hawaii. 


Acoustics—Pantropical spotted dolphin whistles have a dominant frequency range of 6.7 to 17.8 kHz.  
Click source levels between 197 and 220 dB re 1 μPa-m (peak to peak levels), within the range of 40 to 
140 kHz, have been recorded for pantropical spotted dolphins.  Data from Atlantic spotted dolphins are 
provided to fill in the gaps of acoustic information for pantropical spotted dolphins.  Echolocation clicks 
measured in wild Atlantic spotted dolphins showed bimodal ranges of 40 and 50 kHz and a high-
frequency peak between 110 and 130 kHz, with a source level of 210 dB re 1 μPa. 


There are no published hearing data for pantropical spotted dolphins.  Anatomy of the ear of the 
pantropical spotted dolphin has been studied; they have a Type II cochlea, like other delphinids. 


Pygmy killer whale (Feresa attenuata) 
Population Status—There was only one sighting of the pygmy killer whale with a group size of six 
animals.  Based on this one sighting, the best estimate of abundance was 78 individuals (CV = 0.88; 95% 
CI = 17-353) and density was estimated as 0.00014 animals per km2 (CV = 0.88).  This species is 
designated as “data deficient” on the 2009 IUCN Red List. 


Distribution—The pygmy killer whale is an oceanic species.  This species has a worldwide distribution in 
deep tropical and subtropical oceans.  Pygmy killer whales generally do not range north of 40°N or south 
of 35°S).  Reported sightings suggest that this species primarily occurs in equatorial waters, at least in the 
eastern tropical Pacific.  Most of the records outside the tropics are associated with strong, warm western 
boundary currents that effectively extend tropical conditions into higher latitudes. 


The sighting was made near the Mariana Trench, south of Guam, where the bottom depth was 14,564 ft 
(4,413 m).  This is consistent with the known habitat preferences of the species for deep, oceanic waters.  
Pygmy killer whales have also been observed in the waters offshore of Palau. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—There is no information on the diving behavior of pygmy killer whales. 


Acoustics—The pygmy killer whale produces clicks in the range of 45 to 117 kHz, with the main energy 
in the range of 70 to 85 kHz.  Peak to peak source levels were 197 to 223 dB re 1 μPa m.  There is no 
information on the hearing of pygmy killer whales. 


Pygmy sperm whale (Kogia breviceps) 
Population Status—Pygmy sperm whales are designated as “data deficient” on the 2009 IUCN Red List.  
There are no abundance estimates available for the Kogiidae family within the MIRC.  There was no 
density estimate for pygmy sperm whales available from the Mariana Islands, therefore, a density 
estimate of 0.0078 animals per km2 (CV = 0.77) that was derived from the Hawaii offshore area was used 
(Barlow 2006). 
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Distribution—Pygmy sperm whales have a worldwide distribution in tropical and temperate waters, and 
generally occur in waters along the continental shelf break and over the continental slope.  This takes into 
account their preference for deep waters.  There is only one stranding record available for Kogia in the 
MIRC Study Area and vicinity.  Identification to species for this genus is difficult, particularly at sea.  
There is a rare occurrence for Kogia inshore of the area of primary occurrence.  Occurrence is expected to 
be the same throughout the year.  During marine mammal monitoring for Valiant Shield 07, a group of 
three dwarf/pygmy sperm whales were observed about 8 nm (15 km) east of Guam. 


Reproduction/Breeding—In the Eastern Tropical Pacific there are two calving peaks, one in spring and 
one in fall. 


Diving Behavior—Pygmy sperm whales feed on cephalopods and, less often, on deep-sea fishes and 
shrimps.  Kogia make dives of up to 25 minutes with median dive times of around 11 minutes.  A 
satellite-tagged pygmy sperm whale released off Florida was found to make long nighttime dives, 
presumably indicating foraging on squid in the deep scattering layer.  Most sightings of Kogia are brief; 
these whales are often difficult to approach and they actively avoid aircraft and vessels. 


Acoustics—Pygmy sperm whale clicks range from 60 to 200 kHz, with a dominant frequency of 120 kHz.  
An auditory brainstem response study indicates that pygmy sperm whales have their best hearing between 
90 and 150 kHz. 


Risso’s dolphin (Grampus griseus) 
Population Status—This species is designated as “least concern” on the 2009 IUCN Red List.  Essentially 
nothing is known of stock structure of Risso’s dolphins in the western Pacific.  Assuming that several 
stocks may occur there, Japanese survey data was used to estimate that about 7,000 Risso’s dolphins 
occur in the area to the north of the Mariana Islands.  There was no density estimate for Risso’s dolphins 
available from the Mariana Islands; therefore, a density estimate of 0.0010 animals per km2 (CV = 0.65) 
that was derived from the Hawaii offshore area was used for acoustic effects modeling. 


Distribution—Risso’s dolphins are expected to occur in the Marianas area from the shelf break to 
seaward of the Marianas area and vicinity.  While there is a predominance of Risso’s dolphin sightings 
worldwide in areas with steep bottom topography, this species also is found in deeper waters.  The largest 
numbers for this species will likely be in the vicinity of the shelf break and upper continental slope.  
There is an area of low or unknown occurrence from the 165 ft (50 m) isobath to the shelf break.  This 
takes into consideration also the possibility that this species, with a preference for waters with steep 
bottom topography, might swim into areas where deep water is close to shore.  Risso’s dolphins have 
been observed in shallow waters in the northeastern Pacific, including near oceanic islands.  These sites 
are in areas where the continental shelf is narrow and deep water is closer to the shore.  Occurrence 
patterns are assumed to be the same throughout the year.  


A comprehensive study of the distribution of Risso’s dolphin in the Gulf of Mexico found that they used  
the steeper sections of the upper continental slope in waters 1,150–3,200 ft (350–975 m) deep.  Risso’s 
dolphins occur individually or in small to moderate-sized groups, normally ranging in numbers from 2 to 
nearly 250. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Risso’s dolphins may remain submerged on dives for up to 30 minutes.  Cephalopods 
are the primary prey. 


Acoustics—Risso’s dolphin vocalizations include broadband clicks, barks, buzzes, grunts, chirps, 
whistles, and simultaneous whistle and burst-pulse sounds.  The combined whistle and burst pulse sound 
appears to be unique to Risso’s dolphin.  Five different whistle types have been recorded, ranging in 
frequency from 4 to 22 kHz.  Broadband clicks had a frequency range of six to greater than 22 kHz.  
Low-frequency narrowband grunt vocalizations had a frequency range of 0.4 to 0.8 kHz.  A recent study 
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established empirically that Risso’s dolphins echolocate; estimated source levels were up to 216 to 225 
dB re 1 μPam (peak to peak levels) with two prominent peaks in the range of 30 to 50 kHz and 80 to 100 
kHz. 


The range of hearing in two Risso’s dolphins (one infant and one adult was 1.6 to 150 kHz with 
maximum sensitivity occurring between 8 and 64 kHz. 


Rough-toothed dolphin (Steno bredanensis) 
Population Status—There were only two sightings of the rough-toothed dolphin made during the 
MISTCS cruise.  There were an estimated 166 (CV = 0.89; 95% CI = 36-761) rough toothed dolphins in 
the MISTCS study area and density was estimated as 0.0029 animals per km2 (CV = 0.89).  Rough-
toothed dolphin group size was nine individuals.  A mixed-species aggregation involved common 
bottlenose dolphins with short finned pilot whales and rough-toothed dolphins.  There was one sighting of 
rough-toothed dolphin that included calves. 


The rough-toothed dolphin is designated as “least concern” on the 2009 IUCN Red List.  There are no 
abundance estimates for this species in this area.  Rough-toothed-dolphins are common in tropical areas, 
but not nearly as abundant as some other dolphin species.  Nothing is known about stock structure for the 
rough-toothed dolphin in the North Pacific. 


Distribution—Rough-toothed dolphins are typically found in tropical and warm temperate waters, rarely 
ranging north of 40°N or south of 35°S.  Occurrence patterns are expected to be the same throughout the 
year.  Rough-toothed dolphins occur in low densities throughout the ETP where surface water 
temperatures are generally above 77°F (25°C).  Sighting and stranding records in the eastern North 
Pacific Ocean are rare. 


There were two sightings of rough-toothed dolphins during the MISTCs survey, both in groups of nine 
individuals with calves present in one sighting.  As an oceanic species, the rough-tooth dolphin is 
expected to occur from the shelf break to seaward in this area.  There is also a low or unknown 
occurrence of rough-toothed dolphins from the coastline (including harbors and lagoons) to the shelf 
break, which takes into consideration the possibility of encountering this species in more shallow waters, 
based on distribution patterns for this species in other tropical locales.  In July 2004, there was a sighting 
of an undetermined smaller number of rough-toothed dolphins mixed in with a school of an estimated 500 
to 700 melon-headed whales at Sasanhayan Bay (Rota) in waters with a bottom depth of 249 ft.  


During marine mammal monitoring for Valiant Shield 07, a group of eight rough-toothed dolphins was 
observed about 102 nm (188 km) east of Guam.  Rough-toothed dolphins usually form groups of 10–20, 
but aggregations of hundreds can be found.  In the ETP, they have been found in mixed groups with 
spotted, spinner, and bottlenose dolphins suggesting that they are deep divers, and can dive for up to 15 
minutes.  They usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed 
dolphins were sighted in deep waters, ranging from 3,343 to 14,731 ft (1,013 to 4,464 m) in bottom depth.  
One sighting was off the island of Guguan, while the other was at the southern edge of the MIRC Study 
Area. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Rough-toothed dolphins are deep divers and can stay under for up to 15 minutes.  They 
usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed dolphins may stay 
submerged for up to 15 minutes and are known to dive as deep as 230 ft (70 m), but can probably dive 
much deeper. 


Acoustics—The vocal repertoire of the rough-toothed dolphin includes broad-band clicks, barks, and 
whistles.  Echolocation clicks of rough-toothed dolphins are in the frequency range of 0.1 to 200 kHz, 
with a peak of about 25 kHz.  Whistles show a wide frequency range: 0.3 to >24 kHz.  There is little 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


A-15 


published information on hearing ability of this species.  Preliminary data from (2005 showed that rough-
tooth dolphins hear from 5to 80 kHz (80 kHz was the upper limit tested) and probably higher frequencies. 


Short-beaked common dolphin (Delphinus delphis) 
Population Status—There are no abundance estimates for the short-beaked common dolphin within the 
MIRC.  This species is designated as “least concern” on the 2009 IUCN Red List.  There was no density 
estimate for short-beaked common dolphins available from the Mariana Islands, therefore, a density 
estimate of 0.0021 animals per km2 (CV = 0.28) that was derived from the ETP area was used for acoustic 
effects modeling. 


Distribution—Delphinus is a widely distributed genus of cetacean.  It is found worldwide in temperate, 
tropical, and subtropical seas.  The range of the short-beaked common dolphin may extend entirely across 
the tropical and temperate North Pacific.  There is a low or unknown occurrence of the short-beaked 
common dolphin from the shelf break to seaward of the Marianas area and vicinity.  Short-beaked 
common dolphins are thought to be more common in cool temperate waters of the North Pacific, although 
there are populations in cooler, upwelling modified waters of the eastern tropical Pacific.  The absence of 
known areas of major upwelling in the western tropical Pacific suggests that common dolphins will not be 
found there, although there have been some reports of sightings of this species.  However, the species 
identification of these records is not confirmed, and therefore is in doubt.  Occurrence patterns are 
assumed to be the same throughout the year. 


Reproduction/Breeding—The peak calving season occurs from spring and early summer. 


Diving Behavior—There are limited direct measurements for the short-beaked common dolphin dives, but 
dives to >660 ft (200 m) are possible, while most are in the range of 30 to 165 ft (9 to 50 m) based on a 
study of one tagged individual tracked off San Diego.  Stomach contents of Delphinus from California 
waters revealed 19 species of fish and two species of cephalopods; Delphinus feeds primarily on 
organisms in the vertically migrating deep scattering layer.  Fluctuations in vocal activity of this species 
(more vocal activity during late evening and early morning) appear to be linked to feeding on the deep 
scattering layer as it rises during the same time. 


Acoustics—Recorded Delphinus vocalizations (which are similar among species within this genus) 
include whistles, chirps, barks, and clicks.  Clicks and whistles have dominant frequency ranges of 23 to 
67 kHz and 0.5 to 18 kHz, respectively, with maximum source levels at approximately 180 dB 1 μPa-m.  
Short-beaked common dolphins in the ETP have whistles with a mean frequency range of 6.3 kHz, mean 
maximum frequency of 13.6 kHz, and mean duration of 0.8 seconds. 


Auditory brainstem responses from a common dolphin have been recorded.  The audiogram was U-
shaped with a steeper high-frequency branch.  The audiogram bandwidth was up to 128 kHz at a level of 
100 dB above the minimum threshold.  The minimum thresholds were observed at frequencies of 60 to 70 
kHz. 


Short-finned pilot whale (Globicephala macrorhynchus) 
Population Status—There were an estimated 909 (CV = 0.68; 95% CI = 230-3,590) short-finned pilot 
whales in the MISTCS study area and density was estimated as 0.00159 animals per km2 (CV = 0.68). 


This species is designated as “data deficient” on the 2009 IUCN Red List.  There are no abundance 
estimates for the short-finned pilot whale in this area.  Stock structure of short-finned pilot whales has not 
been adequately studied in the North Pacific, except in Japanese waters, where two stocks have been 
identified based on pigmentation patterns and head shape differences of adult males.  The southern stock 
of short-finned pilot whales, which is probably the one associated with the Mariana Islands area, has been 
estimated to number about 18,700 whales in the area south of 30°N latitude. 


Distribution—Sightings in the vicinity of the Northern Mariana Islands were reported during February 
through March 1994, but did not provide the actual sighting coordinates.  A group of more than 30 
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individuals was sighted in late April 1977 near Urunao Point, off the northwest coast of Guam.  A 
stranding occurred on Guam in July 1980.  


Expected occurrence of the short-finned pilot whale in the MIRC and vicinity is seaward of the 330 ft 
(100 m) isobath.  The known preference of this species globally for steep bottom topography, which is 
most probably related to distribution of squid, was considered.  With a narrow shelf and deep waters in 
close proximity to the shore, there is also a low or unknown occurrence of pilot whales in waters over the 
shelf from the coastline to the 330 ft (100 m) isobath, not including any lagoons.  Occurrence patterns are 
assumed to be the same throughout the year. 


Short-finned pilot whale group size ranged from 5 to 43 individuals.  A mixed-species aggregation 
involved bottlenose dolphins with short-finned pilot whales and rough-toothed dolphins.  No calves were 
seen.  Short-finned pilot whales were sighted in waters with a bottom depth, ranging from 3,041 to 14,731 
ft (922 to 4,464 m) in bottom depth.  Three sightings were over the West Mariana Ridge (an area of 
seamounts), another sighting was 7 nm (13 km) off the northeast corner of Guam, just inshore of the 
9,900 ft (3,000 m) isobath.  There was also an off-effort sighting of a group of 6 to 10 pilot whales near 
the mouth of Apra Harbor. 


Reproduction/Breeding—Calving and breeding peaks occurs in the spring and summer or spring and 
autumn depending on the population. 


Diving Behavior—Long-finned pilot whales are deep divers; the maximum dive depth measured is 
approximately 2,125 ft (648 m).  Pilot whales feed primarily on squid, but also take octopus, cuttlefish, 
herring, and other small fish when squid are not available.  Pilot whales are not generally known to prey 
on other marine mammals; however, records from the eastern tropical Pacific suggest that the short-
finned pilot whale does occasionally chase, attack, and may eat dolphins during fishery operations, and 
they have been observed harassing sperm whales in the Gulf of Mexico. 


Acoustics—Short-finned pilot whale whistles and clicks have a dominant frequency range of 2 to 14 kHz 
and a source level of 180 dB re 1 μPa-m for whistles.  There are no published hearing data available for 
this species. 


Spinner dolphin (Stenella longirostris) 
Population Status—During the MISTCS there was only one sighting of spinner dolphins with a group 
size of 98 animals.  There were an estimated 1,803 (CV = 0.96; 95% CI = 361-9,004) spinner dolphins in 
the MISTCS study area and density was estimated as 0.00314 animals per km2 (CV = 0.96).  There is 
some anecdotal information from commercial boat operators of spinner dolphins regularly using Agat 
Bay but there is no systematic survey information to estimate abundance or density.  This species is 
designated as “data deficient” on the 2009 IUCN Red List). 


Distribution—The spinner dolphin is found in tropical and subtropical waters worldwide.  Limits are near 
40°N and 40°S.  The spinner dolphin is expected to occur throughout the entire Marianas area and 
vicinity, except within Apra Harbor, where there is a low or unknown occurrence for this species.  
Spinner dolphins are behaviorally sensitive and avoid areas with much anthropogenic usage, which is 
why this species is not expected to occur in Apra Harbor.  Spinner dolphins occur regularly in Agat Bay, 
off Haputo Beach, and in Agat Bay, off Haputo Beach, and in Cocos Lagoons on Guam, where these 
animals congregate during the day to rest.  In the Mariana Islands, dolphins are reported in Saipan Lagoon 
at Saipan nearly every year, and they were observed off Saipan during the MISTCs survey in 1,406 ft 
(426 m) of water.  Typically, sightings are from the northern part of the lagoon, referred to as Tanapag 
Lagoon.  Spinner dolphins travel among the Mariana island chain.  Spinner dolphins are seen at Farallon 
de Medinilla, Guam, at Rota, and at Palau. 


Spinner dolphins at islands and atolls rest during daytime hours in shallow, wind-sheltered nearshore 
waters and forage over deep waters at night.  Spinner dolphins are expected to occur in shallow water 
(about 162 ft [49 m] or less) resting areas throughout the middle of the day, moving into deep waters 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


A-17 


offshore during the night to feed.  Preferred resting habitat is usually more sheltered from prevailing 
tradewinds than adjacent areas and the bottom substrate is generally dominated by large stretches of white 
sand bottom rather than the prevailing reef and rock bottom along most other parts of the.  These clear, 
calm waters and light bottom substrates provide a less cryptic backdrop for predators like tiger sharks.  
High-use areas at Guam include Bile Bay, Tumon Bay, Double Reef, north Agat Bay, and off Merizo 
(Cocos Lagoon area).  During the MISTCS cruise spinner dolphins were sighted northeast of Saipan in 
waters with a bottom depth of 1,398 ft (424 m).  Beaches currently authorized for amphibious landings 
include Tipalao and Dadi beaches on Guam.  Both beaches are adjacent to known spinner dolphin resting 
habitat. 


Reproductive/Breeding—There is no information on the breeding behavior in this area. 


Diving Behavior—Spinner dolphins feed primarily on small mesopelagic fishes, squids, and sergestid 
shrimp and they dive to at least 656 to 984 ft (109 to 164 fathoms, 200 to 300 m).  Foraging can begin in 
the late afternoon, but takes place primarily at night when the mesopelagic prey migrates vertically 
towards the surface and also horizontally towards the shore. 


Acoustics—Spinner dolphins produce whistles in the range of 1 to 22.5 kHz with the dominant frequency 
being 6.8 to 17.9 kHz, although their full range of hearing may extend down to 1 kHz or below as 
reported for other small odontocetes.  Spinner dolphins consistently produce whistles with frequencies as 
high as 16.9 to 17.9 kHz, with a maximum frequency for the fundamental component at 24.9 kHz.  Clicks 
have a dominant frequency of 60 kHz.  The burst pulses are predominantly ultrasonic, often with little or 
no energy below 20 kHz.  Peak to peak source levels between 195 and 222 dB re 1 μPa-m have been 
recorded for spinner dolphin clicks.  Their echolocation clicks range up to at least 65 kHz.  


Striped dolphin (Stenella coeruleoalba) 
Population Status—There were an estimated 3,531 (CV = 0.54; 95% CI = 1,250-9,977) striped dolphins 
in the MISTCS study area and density was estimated as 0.00616 animals per km2 (CV = 0.54).  Striped 
dolphin group size ranged from 7 to 44 individuals and several sightings contained calves.  This species is 
designated as “least concern” on the 2009 IUCN Red List.  The stock structure of striped dolphins in the 
western Pacific is poorly known, although there is evidence for more than one stock.  A putative 
population south of 30°N in the western Pacific was estimated to number about 52,600 dolphins, and this 
is probably the group from which any striped dolphins around the Marianas would come from. 


Distribution—Striped dolphins have a cosmopolitan distribution in tropical to warm temperate waters.  
Their preferred habitat seems to be deep water along the edge and seaward of the continental shelf, 
particularly in areas influenced by warm currents.  This species is well documented in both the western 
and eastern Pacific off the coasts of Japan and North America; the northern limits are the Sea of Japan, 
Hokkaido, Washington state, and along roughly 40°N across the western and central Pacific. 


Prior to the MISTCs survey, striped dolphins were only known from one stranding that occurred in July 
1985.  However, several striped dolphin sightings were made in waters ranging from 8,686 to 24,981 ft 
(2,362 to 7,570 m) of water.  Group size ranged from 7 to 44 individuals.  None were observed south of 
Guam. 


Striped dolphins are gregarious (groups of 20 or more are common) and active at the surface.  A mean 
group size of 61 was noted in the ETP, and a mean group size of 50 in the Galapagos.  Striped dolphins 
were sighted throughout the MIRC Study Area in waters with a variable bottom depth, ranging from 
7,749 to 24,835 ft (2,348 to 7,526 m) in bottom depth.  There was at least one sighting over the Mariana 
Trench, southeast of Saipan.  There were no sightings south of Guam (approximately 13°N).  


Reproduction/Breeding—Off Japan, where their biology has been best studied, there are two calving 
peaks: one in summer, another in winter. 


Diving Behavior—Striped dolphins often feed in pelagic or benthopelagic zones along the continental 
slope or just beyond oceanic waters.  A majority of the prey possess luminescent organs, suggesting that 
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striped dolphins may be feeding at great depths, possibly diving to about 656 to 2,297 ft (200 to 700 m) to 
reach potential prey.  Striped dolphins may feed at night, in order to take advantage of the deep scattering 
layer’s diurnal vertical movements.  Small, mid-water fishes (in particular, myctophids or lanternfish) and 
squids are the dominant prey. 


Acoustics—Striped dolphin whistles range from 6 to at least 24 kHz, with dominant frequencies ranging 
from 8 to 12.5 kHz.  The striped dolphin’s range of most sensitive hearing (defined as the frequency range 
with sensitivities within 10 dB of maximum sensitivity) was determined to be 29 to 123 kHz using 
standard psychoacoustic techniques; maximum sensitivity occurred at 64 kHz. 
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Hi Mark, 

I spoke with Dan Polhemus about this project and he has assigned it to me. I will be 
in touch with you early next week regarding coordination etc.. 

aloha, 

Kevin 

Kevin B. Foster 
Region 1 Diving Officer and 
F&W Biologist Department 
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Moana Blvd, Rm 3-122 
Honolulu, HI 96850-0001 w. 
808/792-9420 c. 
808/779-6226 fax. 
808/792-9581 email: 
kevin_b_foster@fws.gov  
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Subject: Informal consultation for MMIII Extended Range Testing (UNCLASSIFIED)
Date: Thursday, March 14, 2013 1:46:30 PM
Attachments: Draft_MMIII_BA__Feb2013 Rvsd 14 Mar 13.pdf

COORDINATING DRAFT MMIII ERFT SEA 12 Mar 2013.pdf

Classification: UNCLASSIFIED 
Caveats: NONE 

Pat, 

Don Hubner suggested that I send this to you.  The Air Force intends to 
conduct two Minute Man III Extended Range Tests that will splash down in the 
broad ocean area near the Republic of Palau.  Boosters will fall in the BOA 
in the Federated States of Micronesia.  We would like to informally consult 
with the Service regarding this action. 

The analysis in our Biological Assessment (attached) indicates that this 
project may affect, but is not likely to adversely affect marine resources 
in the area of the test.  We would like your concurrence on this assessment, 
or need be, to enter into discussion with your office if there are 
additional mitigations or measures that can be taken to lesson affects to 
resources.  The associated Coordinating Draft Supplemental EA for this 
project is also attached. 

I have also sent a copy of the EA to Jayne Lefor of your office for NEPA 
review. 

Thank you.  Please let me know if you have any questions or require any 
additional information from this office. 

Mark Hubbs 
US Army Space & Missile Defense Command 
Env. Protection Specialist/Archaeologist 
256-955-2608 Office 
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1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION 1 


1.1 Introduction 2 


The United States Air Force (USAF) has prepared this Biological Assessment (BA) to determine the 3 
extent to which its Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) extended range 4 
flight tests and supporting activities may affect species requiring consultation. 5 


The USAF is preparing a Supplemental Environmental Assessment (SEA) to update the analysis of 6 
conducting MMIII ICBM Extended Range Flight Testing (ERFT) and supporting activities previously 7 
described and analyzed in the Final Environmental Assessment (EA) Minuteman III ICBM Extended 8 
Range Flight Testing or MMIII ERFT EA (USAF, 2006a), which is incorporated by reference into the 9 
SEA.  The SEA provides an updated assessment of flight tests through 2014 for the continuation of 10 
MMIII missile ERFT conducted from Vandenberg Air Force Base (AFB), California. 11 


The MMIII ERFT EA analyzed conducting three extended range missions between Fiscal Year (FY) 2006 12 
and 2010.  These missions were for MMIII flight tests launched from Vandenberg AFB with impact of 13 
the Reentry Vehicles (RVs) in Broad Ocean Areas (BOAs) of the Pacific Ocean, beyond the U.S. Army 14 
Kwajalein Atoll/Ronald Reagan Ballistic Missile Defense Test Site (USAKA/RTS).  USAKA/RTS has 15 
both previous and current MMIII flight test impact sites.  Since the completion of the MMIII ERFT EA 16 
and approval of the Finding of No Significant Impact (FONSI) in April 2006, the three extended range 17 
missions were completed in FY06, FY08, and FY10, with impacts to the southeast and southwest of 18 
Guam.  These flights increased the testing ranges of existing MMIII Force Development Evaluation 19 
missions by approximately 800 to 1,200 Nautical Miles (nm) (1,482 to 2,222 Kilometers [km]) beyond 20 
USAKA/RTS. 21 


As part of the long-term sustainment of the MMIII force through 2030, the USAF must continue to 22 
conduct MMIII flight tests to ensure the safety, accuracy, and reliability of the MMIII system.  The 23 
inability to conduct such tests would reduce the overall mission readiness of the MMIII ICBM system and 24 
jeopardize national security.  Flight tests of the MMIII are conducted annually to ensure the continued 25 
readiness and reliability of the weapon system. 26 


The Air Force Global Strike Command (AFGSC) conducts MMIII flight testing as part of the ongoing 27 
Force Development Evaluation program and, in coordination with the Air Force Nuclear Weapons Center 28 
(AFNWC), is the proponent for the proposed MMIII ERFT analyzed in this BA and the SEA.  The 29 
MMIII missiles would launch from existing silos at Vandenberg AFB in California with designated RV 30 
impacts in BOAs south of the Republic of Palau (ROP or Palau) and within international waters, a range 31 
of approximately 6,000 nm (11,112 km) from Vandenberg AFB. 32 


In support of the AFGSC, the United States Army Space and Missile Defense Command 33 
(USASMDC)/Army Forces Strategic Command (ARSTRAT) determined that an SEA was required to 34 
reassess the potential environmental impacts from the MMIII extended range flight tests because of: (1) 35 
extension of the impact area further southwest of Guam than was originally analyzed and (2) regulatory 36 
changes that have occurred since the completion of the 2006 MMIII ERFT EA. 37 


1.2 Proposed Action 38 


Under the Proposed Action, MMIII flight test launches from Vandenberg AFB (Figure 1-1) would 39 
continue with extended range impacts in BOAs of the Pacific Ocean, as addressed in the MMIII ERFT 40 
EA, with the option for further range expansion and test performance through the year 2014.  The USAF 41 
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would continue to conduct up to two extended range MMIII Force Development Evaluation missions 1 
through 2014. 2 


Facilities at USAKA/RTS and Guam would provide logistical and technical support during the flight 3 
preparations and actual flight tests.  The proposed impact areas for the extended test range, which meet 4 
the AFGSC mission requirements and are coordinated for accessibility to the Navy Mobile 5 
Instrumentation System (NMIS) ship, are approximately 800 nm (1,482 km) southwest of Guam.  The 6 
two trajectories for the two flight tests covered under this SEA are slightly different (Figure 1-2).  They 7 
both have rocket motor drop zones within the Exclusive Economic Zone (EEZ) of Guam or the Federated 8 
States of Micronesia (FSM or Micronesia) and planned missile component impacts within the EEZs of 9 
Micronesia, Palau, or within international waters.  No Proposed Action activities are planned for island 10 
locations within Micronesia or Palau. 11 


1.3 Definition of the Action Area 12 


The Action Area for this BA is as follows: 13 


• The representative flight paths for ERFT (Figure 1-3) 14 
• The representative missile impacts for ERFT (Figure 1-4) 15 


 16 


1.3.1 Minuteman III ERFT Flight Test Support Facilities at Vandenberg AFB (Figure 1-1) 17 
This BA describes the launch preparation at Vandenberg AFB to provide appropriate context, but 18 
Vandenberg AFB is not included in the Action Area.  This BA does not address potential biological 19 
effects of the MMIII ERFT at Vandenberg AFB because these are addressed in other environmental 20 
documentation. 21 


Launches would be conducted from existing silo facilities at Vandenberg AFB on the coast of California.  22 
The launch aspects of MMIII test flights from Vandenberg AFB were fully assessed in the EA for 23 
Minuteman III Modification (USAF, December 2004) (hereinafter, MMIII EA), and the SEA for 24 
Minuteman III Modification (in progress) (hereinafter, MMIII SEA), which are hereby incorporated by 25 
reference into this BA.  The FONSI for the MMIII EA was signed on 24 February 2005.  Information 26 
from these two documents will be summarized in this BA as applicable for the purpose of compliance 27 
with the National Environmental Policy Act (NEPA). 28 


1.3.2 Spent Rocket Motor Drop Zones (Figure 1-2 and 1-4) 29 
Each missile contains three rocket booster motors that would splash down in the Pacific Ocean following 30 
burnout and separation.  The spent first-stage motor would splash down approximately 105 nm (195 km) 31 
off the California coast.  The spent second-stage motor would impact approximately 790 to 815 nm 32 
(1,463 to 1,509 km) off the California coast.  The missile flight path would continue well north of the 33 
Hawaiian Islands since the missions are not designed to overfly populated areas.  The third-stage rocket 34 
motor debris would impact approximately 4,900 to 5,200 nm (9,075 to 9,630 km) from the California 35 
coast, into a BOA within the Guam or Micronesia EEZ. 36 


1.3.3 TT Port Assembly Drop Zone (Figure 1-2 and 1-4) 37 
The Thrust Termination (TT) port assemblies would impact downrange of the third-stage rocket motor 38 
debris by approximately 300 to 500 nm (556 to 926 km) in a BOA within the EEZ of the FSM, more than 39 
38 nm (130 km) from the closest island in the State of Yap.  Towards the terminal end of each MMIII 40 
extended range flight test, the Post-Boost Vehicle and Missile Guidance System fragments would impact 41 
in predetermined BOAs of the ROP and FSM.  The one RV on each flight will continue traveling at 42 
hypersonic velocities towards the designated target areas. 43 
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Figure 1-2  MMIII ERFT Trajectories 2 
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Figure 1-3  Representative Flight Paths for MMIII Extended Range Flight Testing 3 
 4 


 5 
Figure 1-4  Representative Missile Impacts for Extended Range Flight Testing 6 
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1.4 Regulatory Setting 1 


1.4.1 United States 2 
The Endangered Species Act of 1973 (ESA) applies to Federal actions in two separate respects.  First, 3 
Section 7 of the US ESA requires Federal agencies to ensure Proposed Actions are not likely to 4 
jeopardize the continued existence of threatened or endangered species or result in the destruction or 5 
adverse modification of designated critical habitat.  Regulations implementing the ESA require that to 6 
avoid this situation of jeopardizing the species’ existence, the Federal agency is required to determine if 7 
threatened or endangered species are present in the area affected by the Proposed Action and consult with 8 
either or both of the appropriate resource agencies (National Marine Fisheries Service [NMFS] or U.S. 9 
Fish and Wildlife Service [USFWS]) when the agency proponent determines a Proposed Action may 10 
adversely affect a threatened or endangered species.  Secondly, Section 9 of the ESA requires Federal 11 
agencies to obtain an incidental take statement from the responsible resource agency should a take 12 
(including harm or harassment) result from implementing the Proposed Action. 13 


The US Marine Mammal Protection Act (MMPA) gives the USFWS and NMFS co-authority and outlines 14 
prohibitions for the taking of marine mammals.  A take means to attempt to as well as to actually harass, 15 
hunt, capture, or kill any marine mammal.  Subject to certain exceptions, the Act establishes a moratorium 16 
on the taking and importation of marine mammals.  Exceptions to the taking prohibition allow USFWS 17 
and NMFS to authorize the incidental taking of small numbers of marine mammals in certain instances. 18 


1.4.2 Guam Territory 19 
Pursuant to Section 6 of the U.S. ESA, a cooperative agreement exists between the Guam Government 20 
Department of Agriculture, Division of Aquatic and Wildlife Resources (DAWR) and the USFWS and 21 
NMFS that provides for funding and implementation of programs for endangered species research and 22 
recovery.  The DAWR administers the ESA of Guam (Guam Public Law 15-36) and the Fish, Game, 23 
Forestry, and Conservation Act (5 Guam Code Annotated 63101-63117), which mandates control and 24 
regulation of fish and game in and about Guam.  The US MMPA protects all marine mammals found in 25 
the water of Guam.  Other Guam Government resource agencies have specific mandates in relation to 26 
marine mammal conservation.  The Bureau of Statistics and Plans administers the Guam Coastal 27 
Management Plan through the Coastal Zone Management Act of 1972 (Guam Public Law 92-583 and 28 
Public Law 94-370).  It guides the use, protection, and development of land and ocean resources within 29 
the coastal zone, which includes all non-Federal property and all submerged lands and waters out to 3 nm 30 
(6 km) from the shoreline. 31 


1.4.3 Federated States of Micronesia 32 
Pursuant to the Constitution of the FSM in Article 1, FSM asserts marine jurisdiction of 200 nm (370 km) 33 
outward from its baselines.  FSM shares maritime boundaries with the ROP, Papua New Guinea, 34 
Republic of the Marshall Islands (RMI), and the United States (Guam).  Article IX expressly empowers 35 
the National Government to regulate natural resources beyond the territorial seas and throughout the FSM 36 
EEZ.  Under the FSM Compact of Free Association with the United States, the United States shall apply 37 
the NEPA to its activities under the Compact and its related agreements as if the FSM were the United 38 
States. 39 


1.4.4 Republic of Palau 40 
Under Article 1 of the Constitution of the ROP, the National Government asserts marine jurisdiction of 41 
200 nm (370 km) outward from its baselines (i.e., within the EEZ).  The National Government is 42 
responsible for marine conservation extending throughout its EEZ.  Section 163(a) of the Compact of 43 
Free Association with the United States requires the United States to apply environmental standards 44 
substantively similar to those in effect on the day proceeding the effective date of the Compact.  45 
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However, MMIII testing activities do not rise to the level of those requiring an Environmental Impact 1 
Statement (EIS), and thus Section 163 does not apply. 2 


1.5 Consultation History 3 


Beginning in March 2013, the USAF entered into pre-consultation discussions with the NMFS located in 4 
Honolulu, Hawaii.  The USAF (with USASMDC/ARSTRAT support) held teleconferences and meetings 5 
with the agency to discuss the potential for environmental effects from the MMIII ERFT activities along 6 
the over-ocean flight corridor and at Guam, the State of Yap in the FSM, the ROP, and within 7 
international waters.  The discussions also served to identify possible mitigation measures to minimize the 8 
effects on biological resources. 9 


In March 2013, the USAF (with USASMDC/ARSTRAT support) initiated consultations with NMFS 10 
(Pacific Islands Regional Office), as required by the ESA of 1973, and the MMPA of 1972, because of 11 
the potential for effects on threatened, endangered, and other protected species, and their habitats, in 12 
international waters and within the EEZs (within 200 nm [370 km] of the coastline) of Guam, the FSM, 13 
and the ROP. 14 


1.6 Description of the Proposed Action 15 


Under the Proposed Action, the USAF would continue to conduct up to two MMIII extended range flight 16 
tests through 2014.  The proposed impact areas for the ERFT (Figure 1-2) are approximately 800 nm 17 
(1,482 km) southwest of Guam.  The trajectories for the two flight tests covered under this SEA have 18 
rocket motor drop zones within the EEZ of Guam and the FSM and planned missile component impacts 19 
within the EEZs of the FSM, the ROP, and international waters. 20 


1.6.1 Minuteman III Missile System Description 21 
The MMIII ICBM missile (Figure 1-5) consists of five major sections, as follows: 22 


• Three-stage solid-propellant booster 23 
• Propulsion system rocket engine (PSRE) 24 
• Missile guidance set 25 
• Model or MOD 7 instrumentation wafer (flight test configuration only) 26 
• Reentry System (RS) 27 
 28 
 29 


 30 
Figure 1-5  Minuteman III Missile 
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The PSRE, missile guidance set, MOD 7 instrumentation wafer, and reentry system make up the post-1 
boost vehicle.  The Mod 7 wafer is test unique and not representative of the operationally fielded system.  2 
The missile is approximately 60 Feet (ft) (18 Meters [m]) long, with a maximum diameter of 5.5 ft (2 m) 3 
and a weight of approximately 79,400 Pounds (lb) (36,015 Kilograms [kg]).  The following paragraphs 4 
describe the missile components. 5 


Table 1-1 provides, by stage, the main chemical components, and Department of Defense (DoD) 6 
explosive classification for the propellants.  The DoD classification determines the method of shipping 7 
and storing the rocket propellants and other ordnance.  8 


Small amounts of ordnance, in the form of linear explosive assemblies, are used to separate the stages 9 
during flight.  Other ordnance carried on the three-stage booster includes rocket motor igniter assemblies 10 
and an ordnance destruct package, used only for test launches at Vandenberg AFB. 11 


Table 1-1  Solid-Propellant Rocket Motors 12 


Stage Main Chemical Components DOD Explosive Hazard 
Classification 


1st 
Ammonium Perchlorate 
Aluminum 
Polybutadiene-Acrylonitrile Class 1.3 


2nd Ammonium Perchlorate 
Aluminum 
Carboxyl Terminated Polybutadiene 
 


3rd 
Source:  Source:  W. Doke, personal communication, 27 February 2013 
 


Propulsion System Rocket Engine 13 


The PSRE is just above the third-stage motor on the MMIII.  It is a liquid propellant rocket unit 14 
consisting of two sealed propellant storage assemblies, a helium gas storage tank for pressurizing the 15 
propellant, and several small rocket engines.  The propellants used are MonoMethylHydrazine (CH6N2) as 16 
the fuel and Nitrogen Tetroxide (N2O4) as the oxidizer, which form a hypergolic (self-igniting on contact) 17 
combination.  The PSRE is completely assembled and fueled with 13.2 gallons (50 liters) of fuel and 18 
oxidizer each at the time of manufacture.  Other ordnance materials in the PSRE contain less than 1 ounce 19 
(less than 28 grams) of additional explosives. 20 


Missile Guidance Set and MOD 7 Instrumentation Wafer  21 


The electronic missile guidance set and the MOD 7 instrumentation wafer (used only for flight tests) are 22 
mounted on top of the PSRE.  The guidance set is an inertial guidance system that directs the flight of the 23 
MMIII missile.  Components within the instrumentation wafer transmit data to track the missile flight 24 
path and evaluate performance following launch from Vandenberg AFB. 25 


Reentry System and Reentry Vehicles  26 


The payload section on top of the MMIII missile is referred to as the RS.  The support payload bulkhead 27 
inside the RS provides a structural support base for one to three RVs and carries the electronics needed to 28 
activate and deploy them in flight.  A two-piece shroud covers the bulkhead and RVs, protecting them 29 
during ascent.  The nose cap on top of the shroud contains a small rocket motor containing 6.8 lb (3.1 kg) 30 
of solid propellant, which is used to eject the shroud from the vehicle while in flight.  Other small 31 
quantities of ordnance carried onboard the RS include a shroud ejection motor initiator, gas generators, 32 
and gas generator initiators. 33 
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The test RVs contain varying quantities of hazardous materials, including batteries, asbestos, depleted 1 
uranium (DU), and other heavy metals.  In general, only one test RV per year contains high explosives; 2 
however, ERFT flight RVs do not contain high explosives.  All test RVs typically include 0.29 to 22 3 
ounces (8 to 624 grams) of asbestos; approximately 0.035 to 0.353 ounces (1 to 10 grams) each of 4 
beryllium, cadmium, and chromium; approximately 4.8 ounces (136 grams) of lead; and an unspecified 5 
quantity of DU. 6 


Batteries 7 


Several different types of batteries are carried onboard the motors, the RS, and other sections of the 8 
missile to provide electrical power to the MMIII subsystems.  These are multiple silver-zinc batteries, a 9 
single lithium carbon monofluoride battery, and a single lithium silicon/iron disulfide (thermal) battery.  10 
Approximately 15 batteries are carried on each MMIII flight test missile (depending on the RS 11 
configuration used), each weighing from 1 to 21 lb (0.5 to 9.5 kg).  The individual Mark (Mk) 12A RVs 12 
contain one silver zinc battery (weighing approximately 1.6 lb [0.7 kg]), while the Mk 21 RVs contains 13 
one silver zinc and one thermal battery (for a total battery weight of approximately 2.4 lb [1.1 kg]). 14 


1.7 Mitigation and Conservation Measures 15 


The USAF has developed and implemented mitigation and conservation measures to minimize the 16 
impacts of the MMIII ERFT flight tests on the environment.  Many of these mitigation and conservation 17 
measures have evolved over time through consultation with NMFS and USFWS for MMIII flight tests 18 
and other similar USAF activities in the Action Area, such as the Conventional Strike Missile program. 19 


Relevant mitigation and conservation measures include (Teledyne, 2005; USAF, 2010): 20 


• Vessel operations would not involve any intentional discharges of fuel, toxic wastes, or plastics 21 
and other solid wastes that could harm marine life. 22 


• During ocean travel to and from impact and test support areas, ship personnel would monitor for 23 
marine mammals and sea turtles to avoid potential ship strikes.  Vessel operators would also 24 
adjust their speed based on expected animal densities, and on lighting and turbidity conditions. 25 


• As data collection instruments are deployed, Lawrence Livermore National Laboratory (LLNL) 26 
personnel will observe the impact and surrounding area to the best of their ability for indications 27 
of marine mammal or sea turtle presence.  If such indications exist or marine mammal or sea 28 
turtle individuals are observed to persist in the impact or surrounding area, the presence will be 29 
reported by LLNL personnel to AFGSC personnel, who will determine the potential for holding 30 
launch activities to allow the animals to pass through the area of concern. 31 


 32 
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2.0 SPECIES DESCRIPTION 1 


This section introduces the species listed in Table 2-1 and analyzed in this BA.  A brief description of 2 
each species, including distribution, population status, habitat preference, and hearing ability (as 3 
applicable), is provided.  MMIII missile component impacts to the BOAs are not anticipated to affect 4 
sponges, coral, or mollusks, which are generally located in shallower water. 5 


Table 2-1  Listed Species Known or Expected to Occur within the Proposed Impact Areas 6 
Scientific Name Common Name Federal Status 
Fish   
Sphyrna lewini Scalloped hammerhead shark C 
Reptiles   
Chelonia mydas Green sea turtle T 
Eretmochelys imbricata Hawksbill sea turtle E 
Dermochelys coriacea Leatherback sea turtle E 
Caretta caretta Loggerhead sea turtle* T 
Lepidochelys olivacea Olive ridley sea turtle T 
Mammals   
Balaenoptera musculus Blue whale E 
Balaenoptera physalus Fin whale E 
Megaptera novaengliae Humpback whale E 
Balaenoptera borealis Sei whale E 
Physeter macrocephalus Sperm whale E 
Pseudorca crassidens False killer whale C 
Berardius bairdi Blainville’s beaked whale MMPA 
Tursiops truncatus Bottlenose dolphin MMPA 
Balaenoptera edeni Bryde’s whale MMPA 
Ziphius cavirostris Cuvier’s beaked whale MMPA 
Phocoenoides dalli Dall’s porpoise MMPA 
Kogia sima Dwarf sperm whale MMPA 
Lagenodelphis hosei Fraser’s dolphin MMPA 
Mesoplodon ginkgodens Ginkgo-toothed beaked whale MMPA 
Orcinus orca Killer whale MMPA 
Indopacetus pacificus Longman’s beaked whale MMPA 
Peponocephala electra Melon-headed whale MMPA 
Balaenoptera acutorostrata Minke whale MMPA 
Lagenorhynchus obliquidens Pacific white-sided dolphin MMPA 
Stenella attenuata Pantropical spotted dolphin MMPA 
Feresa attenuata Pygmy killer whale MMPA 
Kogia breviceps Pygmy sperm whale MMPA 
Grampus griseus Risso’s dolphin MMPA 
Steno bredanensis Rough-toothed dolphin MMPA 
Delphinus delphinus Short-beaked common dolphin MMPA 
Globicephala macrorhynchus Short-finned pilot whale MMPA 
Stenella longirostris Spinner dolphin MMPA 
Stenella coeruleoalba Striped dolphin MMPA 


Source: NMFS, 2012; Commander, U.S. Pacific Fleet, Executive Agent, 2010 7 
Key to Federal Status: C = Candidate; T = Threatened; E = Endangered; MMPA = Protected Under the U.S. Marine Mammal 8 
Protection Act * Endangered as part of the North Pacific Ocean Distinct Population Segment 9 
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2.1 Fish 1 


In the Pacific Ocean, some of the most common pelagic fish include swordfish, tuna, billfish, mahi mahi, 2 
and oceanic shark.  Marlin, sailfish, and spearfish species are abundant in the open ocean.  Knowledge of 3 
the status of most large pelagic fish is poor because of these species’ wide migratory ranges and the 4 
absence of a Pacific wide international organization to monitor stocks (Commander, U.S. Pacific Fleet, 5 
Executive Agent, 2010).  In general, the western portion of the Pacific Ocean tends to have a lower 6 
incidence of fully exploited, overexploited, depleted, or recovering fish stocks, and a prevalence of 7 
underexploited or moderately exploited stocks.  This region also has a high incidence of stocks whose 8 
state of exploitation is unknown or uncertain and for which overall production estimates are consequently 9 
less reliable.  National Oceanic and Atmospheric Administration (NOAA) Fisheries, regional Fishery 10 
Management Councils, and Federal and state agencies in the United States work together to address these 11 
threats by identifying Essential Fish Habitat (EFH) for each U.S. Federally managed fish species and 12 
developing conservation measures to protect and enhance these habitats.  An EFH encompasses all 13 
habitats that contribute to the health, life, and reproduction of a given fish species. 14 


Cartilaginous fish are important parts of the marine ecosystem, and many species are top predators.  15 
Cartilaginous fish, or elasmobranchs, include sharks and rays and their relatives.  While there have been 16 
some studies on their hearing, there have not been extensive studies.  Available data suggests detection of 17 
sounds from 0.02 to 1 Kilohertz (kHz), with best sensitivity at lower ranges.  Though fewer than 10 18 
elasmobranch species have been tested for hearing thresholds, it is likely all elasmobranchs only detect 19 
low frequency sounds because they lack a swim bladder or other pressure detector to amplify sound, 20 
allowing detection at higher sound frequencies and at lower sound levels.  At the same time, the ear in a 21 
number of elasmobranch species whose hearing has not been tested is very large with numerous sensory 22 
hair cells.  Thus, it is possible future studies will demonstrate somewhat better hearing in those species 23 
than is now known (Popper, 2008). 24 


There also is evidence elasmobranchs can detect and respond to human-generated sounds.  Myrberg and 25 
colleagues did experiments in which they played back sounds and attracted a number of different shark 26 
species to the sound source.  The results of these studies showed sharks were attracted to pulsed low-27 
frequency sounds (below several hundred Hertz [Hz]), in the same frequency range of sounds as might be 28 
produced by struggling prey (or divers in the water).  However, sharks are not known to be attracted by 29 
continuous signals or higher frequencies (Popper, 2008). 30 


Scalloped Hammerhead Shark (Sphyrna lewini) 31 


The scalloped hammerhead shark is currently a candidate species for listing under the U.S. ESA.  The 32 
following information comes from the 11 August 2011 petition for listing for this species, “Petition To 33 
List the Scalloped Hammerhead Shark (Sphyrna lewini) Under the U.S. Endangered Species Act Either 34 
Worldwide or as One or More Distinct Population Segments”. (WildEarth Guardians and Friends of 35 
Animals, 2011) 36 


The scalloped hammerhead is the second largest hammerhead shark, with a maximum total length of 37 
about 12 to 14 ft (4 to 4.3 m).  The scalloped hammerhead shark can be distinguished from other 38 
hammerheads by its unique head.  The scalloped hammerhead shark has a central indentation of the head, 39 
followed by two more, one on each side of the center, which gives the hammer-shaped head a “scalloped” 40 
appearance. (WildEarth Guardians and Friends of Animals, 2011) 41 


The scalloped hammerhead shark is a long-lived species, with the oldest known individuals estimated at 42 
30.5 years for both males and females.  Female scalloped hammerhead sharks move inshore to give birth 43 
during summer months.  Predation on the pups is high, primarily by other sharks and adult scalloped 44 
hammerhead sharks, perhaps explaining the species’ larger litter size relative to other sharks.  Despite its 45 
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relatively high reproductive rate, the species struggles to recover from exploitation compared to other 1 
shark species. (WildEarth Guardians and Friends of Animals, 2011) 2 


The scalloped hammerhead shark is a coastal and semi-oceanic pelagic shark.  It is found over continental 3 
and insular shelves, as well as ranging into adjacent deep water.  Scalloped hammerhead sharks range 4 
from intertidal inshore areas and estuaries to offshore waters up to depths of 900 ft (274 m).  Juveniles 5 
live in inshore areas, migrating out to deeper waters as they grow.  Adults are known to aggregate at 6 
seamounts and islands.  Adults occur alone, in pairs, or in small schools, while juveniles gather in large 7 
schools.  Exact estimates of the global population of scalloped hammerhead sharks do not exist. 8 
(WildEarth Guardians and Friends of Animals, 2011) 9 


The scalloped hammerhead shark lives in temperate and tropical seas along coastal zones and in deep 10 
water adjacent to them.  Scalloped hammerhead sharks rarely venture into waters cooler than 72 degrees 11 
Fahrenheit (°F) (22 degrees Celsius [°C]).  Known populations in the western portion of the Pacific Ocean 12 
occur in Thailand, Vietnam, Indonesia, China, Japan, Philippines, Australia, and New Caledonia.  13 
Scalloped hammerhead sharks in the Pacific and Indian Oceans may comprise one Distinct Population 14 
Segment each. (WildEarth Guardians and Friends of Animals, 2011) 15 


Fishing, both historic and current, is the main cause of depleted scalloped hammerhead shark populations.  16 
The shark has a very high commercial value, especially its fins, which, when combined with its slow rate 17 
of reproduction, makes the species highly vulnerable to exploitation.  While scalloped hammerhead 18 
sharks are mainly valued for their fins, the species also is economically valuable for other reasons.  The 19 
shark’s flesh is sold in various forms as food, the hides are valued, and the remainder is used for vitamins 20 
and fishmeal. (WildEarth Guardians and Friends of Animals, 2011) 21 


The United States already has recognized the need to protect the scalloped hammerhead shark against 22 
overutilization.  Recently, the United States and Palau submitted a proposal to place three species of 23 
hammerhead shark on the Endangered Species list, including the scalloped hammerhead, under 24 
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).  However, 25 
the proposal was not ratified since it failed to receive a required two-thirds majority vote from CITES 26 
signatories.  Nevertheless, the proposal indicates the United States has recognized overutilization is a 27 
threat to the scalloped hammerhead shark and existing regulatory mechanisms are inadequate to conserve 28 
the species. (WildEarth Guardians and Friends of Animals, 2011) 29 


2.2 Sea Turtles 30 


Information in this section is taken from the Recovery Plan for U.S. Pacific Populations of the Green 31 
Turtle (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998a), Green Sea Turtle 32 
(Chelonia mydas) 5-Year Review: Summary and Evaluation (National Marine Fisheries Service and U.S 33 
Fish and Wildlife Service, 2007a), and Recovery Plan for U.S. Pacific Populations of the Hawksbill 34 
Turtle (Eretmochelys imbricata) (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 35 
1998b), Hawksbill Sea Turtle (Eretmochelys imbricata) 5-Year Review: Summary and Evaluation 36 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service, 2007b), unless otherwise noted. 37 


Sea turtles are long-lived reptiles found throughout the world’s tropical, subtropical, and temperate seas 38 
(Caribbean Conservation Corporation and Sea Turtle Survival League, 2003).  There are seven living 39 
species of sea turtles from two distinct families, the Cheloniidae (hard-shelled sea turtles; six species) and 40 
the Dermochelyidae (leatherback sea turtle; one species).  These two families can be distinguished from 41 
one another on the basis of their carapace (upper shell) and other morphological features.  Six of the 42 
seven living species of sea turtles occur in the US; five of the seven are known to occur in the subtropical 43 
seas of the Pacific Ocean: loggerhead (Caretta caretta), leatherback (Dermochelys coriacea), green 44 
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(Chelonia mydas), olive ridley (Lepidochelys olivacea), and hawksbill (Eretmochelys imbricata).  Table 1 
2-1 provides a list of sea turtles potentially in the proposed impact areas.  Sea turtles are an important 2 
marine resource; they provide economic, non-use value to humans (Witherington and Frazer, 2003).  3 
Over the last few centuries, global sea turtle populations have declined dramatically due to human-related 4 
activities such as coastal development, oil exploration, commercial fishing, marine-based recreation, 5 
pollution, and over-harvesting (National Research Council, 1990; Eckert, 1995).  As a result, all six 6 
species of sea turtles occurring in the US and in the subtropical Pacific Ocean are listed as threatened or 7 
endangered and are discussed below.  Most available data are associated with tropical islands, not the 8 
open ocean where proposed impacts are targeted. 9 


Sea turtle auditory sensitivity is not well studied.  The range of maximum sensitivity for sea turtles 10 
appears to be 200 to 800 Hz (Lenhardt 1994; Moein et al. 1994).  Hearing below 80 Hz is less sensitive 11 
but still potentially usable to the turtle (Lenhardt, 1994).  Ridgway et al., (1969) concluded that green 12 
turtles have a useful hearing span of 60 to 1,000 Hz, but they hear best from 200 Hz up to 700 Hz, with 13 
sensitivity falling off considerably below 400 Hz.  Because their anatomy is similar to that of green 14 
turtles, other sea turtle species are thought to have the same sensitivity ranges. 15 


Sea turtle hearing is approximately equivalent to cetacean hearing for 1,000 Hz and below so, for this 16 
assessment, the thresholds and criteria used to assess impacts on cetaceans apply to sea turtles.  Because 17 
sea turtles have been shown to hear only signals that are less than 1,000 Hz, use of the peak flux levels 18 
greatly overestimates the potential impact on sea turtles (USAF, 2006a).  Much of the noise produced by 19 
the MMIII ERFT activities cannot be heard by sea turtles.  The cetacean thresholds for temporary 20 
threshold shift (TTS) and permanent threshold shift (PTS) are likely to be particularly conservative for 21 
sea turtles. 22 


2.2.1 Green Sea Turtle (Chelonia mydas) 23 
The U.S. Federally and internationally protected threatened green sea turtle is the largest-sized member of 24 
the marine turtle family Cheloniidae and is found throughout the Pacific, Indian, and Atlantic Oceans and 25 
the Mediterranean Sea.  Green sea turtles are distinguished from other sea turtles by their smooth 26 
carapace with four pairs of lateral scutes, a single pair of prefrontal scutes, and a coarsely serrated lower 27 
jaw edge.  Adult green sea turtles may weigh more than 220 lb (99 kg) and exceed 3 ft (1 m) in carapace 28 
length.  The common name of this species refers to the green color of its subdermal fat.  The carapace 29 
color of adult green sea turtles ranges from light to dark brown, sometimes with an olive cast, radiating or 30 
wavy lines, and/or dark blotches. 31 


Throughout their range, adult green sea turtles typically are resident in foraging areas (e.g., seagrass or 32 
macro-algae habitats of less than 650 ft [200 m] depths).  Periodically, turtles migrate long distances to 33 
breeding areas.  Based on growth rates observed in wild green sea turtles, females are thought to reach 34 
sexual maturity at 25 years of age or later.  Reproductive females generally nest every year but may skip 35 
years.  Adult males may migrate and breed every year. 36 


Green sea turtles prefer areas where surface water temperatures are no lower than about 68°F (20°C) in 37 
the coldest month; for example, during warm spells (e.g., EI Niño) green sea turtles may be found 38 
considerably north of their normal distribution.  Based on the behavior of post-hatchlings and juveniles 39 
raised in captivity, it is presumed those in pelagic habitats live and feed at or near the ocean surface, and 40 
that their dives do not normally exceed several feet in depth (National Marine Fisheries Service and U.S. 41 
Fish and Wildlife Service, 1998a). 42 


The green sea turtle is a circumglobal species found in tropical seas and, to a lesser extent, in subtropical 43 
waters with temperatures above 68°F (20°C).  Worldwide distribution has been described at length.  The 44 
pelagic range of post-hatchling and juvenile green sea turtles in the insular Pacific region is not known.  A 45 
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similar situation exists for all sea turtle populations worldwide.  There are three inherent problems which 1 
impede research of pelagic-phase sea turtles.  First, the whereabouts of the sea turtles are not known, 2 
although generally they are assumed to be at or near the ocean surface along drift lines where surface 3 
waters are brought together by advection and downwelling (sinking of cold water).  Secondly, once the 4 
pelagic locations of the sea turtles have been identified, there are problems in devising an efficient and 5 
safe sampling technique for statistically significant numbers of sea turtles to be captured.  Lastly, a means 6 
to determine the origin of the sea turtles with respect to the nesting beaches where they were hatched 7 
would be needed.  Some advances in genetics research already have been made in this area. 8 


Green turtles are the most abundant sea turtle found throughout the Marianas archipelago.  Importantly, 9 
there are no data to indicate green turtles within the region are in decline.  However, and in contrast, many 10 
green turtle nesting populations in the Atlantic and Pacific Oceans are actually on the increase or stable as 11 
a result of direct conservation action.  Long-term information regarding nesting population trends in 12 
Guam or CNMI is not available.  There is, however, indication the Marianas may provide more important 13 
foraging near shore habitat than nesting.  Aerial surveys conducted by the Guam DAWR indicate the 14 
presence of a year-round resident population in Guam’s nearshore waters (National Marine Fisheries 15 
Service and U.S.Fish and Wildlife Service, 1998a).  Aggregations of foraging and resting green turtles are 16 
often seen in proximity to Guam’s well-developed seagrass beds and reef flats, which are found both 17 
nearshore and in deeper waters south of Falcona Beach (near the northwest end of Guam) and at several 18 
other locations throughout the island’s shelf. (Commander, U.S. Pacific Fleet, Executive Agent, 2010). 19 


The primary threats to green turtles at Guam and the CNMI include direct harvesting of sea turtles and 20 
eggs as well as habitat loss due to rapidly expanding tourism, including increased coastal development on 21 
nesting beaches (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998a).  The size 22 
of the green turtle population in the Pacific Ocean was estimated at about 21,000 adults in 2001 23 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 24 


2.2.2 Hawksbill Sea Turtle (Eretmochelys imbricata)   25 
The hawksbill turtle is listed as endangered under the U.S. ESA.  The hawksbill sea turtles are recognized 26 
by their relatively small size (carapace length less than three ft [0.9 m]), narrow head with tapering beak, 27 
and strongly serrated posterior margin of the carapace and thick, overlapping shell scutes.  A lack of 28 
regular quantitative surveys for hawksbill turtles in the Pacific Ocean and the discrete nature of this 29 
species’ nesting have made it extremely difficult for scientists to assess the distribution and population 30 
status of hawksbills in the region (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 31 
1998b; Seminoff et al., 2003). 32 


The hawksbill sea turtle is threatened with extinction throughout its range.  It is considered universally 33 
endangered in the International Union for Conservation of Nature (IUCN) Red List and is included in 34 
Appendix 1 of CITES (most endangered).  The hawksbill sea turtle is protected as an endangered species 35 
under the U.S. ESA, for Pacific territories (Guam and American Samoa) and commonwealths (Northern 36 
Marianas Islands) of the United States and for certain independent states, such as Micronesia and Palau, 37 
through cooperative agreements. 38 


The hawksbill sea turtle has the potential to be a long-range migrant.  It is likely adult hawksbill sea 39 
turtles will perform regular migratory movements among a preferred nesting beach, a breeding ground, 40 
and a persistent foraging territory.  The distances between these territorial sites vary greatly and appear to 41 
be of random length among individuals.  The geographic proximity of an adult's foraging habitat in 42 
relation to its natal beach is not known, and the same must be said for juveniles as well.  Once a foraging 43 
or nesting site is chosen, hawksbill sea turtles tend to be persistent in the continuing use of that site.  44 
However, hawksbill sea turtles can move long distances, and it possible nesting and foraging animals 45 
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observed in such localities as Palau or Saipan have potential home ranges extending throughout the 1 
islands of Micronesia and Melanesia and even the waters of the Philippines, Indonesia, and Australia. 2 


2.2.3 Leatherback Sea Turtle (Dermochelys coriacea)  3 
Leatherback turtles are listed as endangered under the U.S. ESA and are critically endangered with 4 
extinction in the Pacific Ocean.  The leatherback turtle is the largest-sized living sea turtle.  There are few 5 
quantitative data available concerning the seasonality, abundance, or distribution of leatherbacks in the 6 
North Pacific Ocean.  The leatherback typically is not associated with insular habitats, such as those 7 
characterized by coral reefs, yet individuals occasionally are encountered in deep ocean waters near 8 
prominent archipelagos and their associated reefs, such as the Hawaiian Islands (Eckert, 1993). 9 


The leatherback turtle is distributed worldwide in tropical and temperate waters of the Atlantic, Pacific, 10 
and Indian Oceans.  Recent estimates of global nesting populations indicate 26,000 to 43,000 nesting 11 
females annually, which is a dramatic decline from the 115,000 estimated in 1980.  This is due to 12 
exponential declines in leatherback nesting that have occurred over the last two decades along the Pacific 13 
coasts of Mexico and Costa Rica.  Many populations in the Indian and Pacific Oceans have continued to 14 
decline with recent nesting data from a variety of sources indicating a population of adult females in these 15 
areas numbering less than a few thousand.  About 600 to 650 females nest per year in West Papua 16 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 17 


Throughout their lives, leatherbacks are essentially oceanic, yet they enter into coastal waters for foraging 18 
and reproduction.  There is limited information available regarding the habitats used by hatchling and 19 
early juvenile leatherback turtles as these age classes are entirely oceanic.  These life stages are restricted 20 
to waters Greater Than (>) 79°F (26°C) and, therefore, they spend much time in tropical waters.  Late 21 
juvenile and adult leatherback turtles are known to range from mid-ocean to nearshore waters in the 22 
Northern Marianas Islands (Commander, U.S. Pacific Fleet, Executive Agent, 2010). 23 


Of the three sea turtle species sighted around Guam and the Northern Marianas Islands during marine 24 
surveys, the leatherback turtle is the least common, with only a few occurrence records existing (Eckert et 25 
al., 1999; Commander, U.S. Pacific Fleet, Executive Agent, 2010).  Recent NOAA satellite tracking of 26 
leatherback turtles departing from nesting habitats in West Papua seem to transit through Mariana Islands 27 
Range Complex (MIRC) waters.  Leatherback turtles do not nest at any of the islands in Micronesia 28 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 29 


2.2.4 Loggerhead Sea Turtle (Caretta caretta)  30 
The loggerhead turtle is a large, hard-shelled sea turtle.  The North Pacific Ocean distinct population 31 
segment is listed as endangered under the U.S. ESA (National Oceanic and Atmospheric Administration 32 
Fisheries, Office of Protected Resources, 2012b).  The North Pacific loggerhead turtle population nests 33 
exclusively in Japan where a 50 to 90 percent decrease has been documented.  It is probable that fewer 34 
than 1,000 females breed annually in Japan.  Although the nesting trend since 2001 has been upward, the 35 
population continues to face impacts from directed hunting, coastal development, light pollution, beach 36 
armoring, and incidental capture in coastal and pelagic fisheries (Commander, U.S. Pacific Fleet, 37 
Executive Agent, 2010). 38 


The loggerhead turtle occurs worldwide in temperate and tropical habitats ranging from coastal estuaries 39 
to waters found hundreds of miles out to sea, as well as in inshore areas such as bays, ship channels, and 40 
the mouths of large rivers.  The juvenile stage and adult foraging stage both occur in the neritic or 41 
nearshore zone.  Coral reefs, rocky places, and ship wrecks are often used as feeding areas.  The 42 
loggerhead turtles in the west Pacific Ocean are active and feed primarily on the bottom, though prey also 43 
is captured throughout the water column.  Tagging data revealed migratory routes may be coastal or may 44 
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involve crossing deep ocean waters; an oceanic route may be taken even when a coastal route is an option 1 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 2 


Pacific loggerhead turtles appear to use the entire North Pacific Ocean during the course of development, 3 
much like Atlantic loggerheads use the North Atlantic Ocean.  There is evidence both stocks make two 4 
separate transoceanic crossings: the first (west to east) is made immediately after hatching, while the 5 
second (east to west) is made upon reaching either the late juvenile or adult life stage.  Occurrences of this 6 
species are documented in the waters off Palau and the Philippines (Commander, U.S. Pacific Fleet, 7 
Executive Agent, 2010). 8 


2.2.5 Olive Ridley Sea Turtle (Lepidochelys olivacea)  9 
The olive ridley turtle, named for its olive green-colored shell, is listed as threatened under the U.S. ESA, 10 
except for the Mexican nesting population, which is listed as endangered.  Even though there are no 11 
current estimates of worldwide abundance, the olive ridley turtle is still considered the most abundant of 12 
the world’s sea turtles.  However, the number of olive ridley turtles occurring in U.S. territorial waters is 13 
believed to be small.  (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998c) 14 


The olive ridley is mainly a pelagic sea turtle, but it has been known to inhabit coastal areas, including 15 
bays and estuaries.  Olive ridley turtles mostly breed annually and have an annual migration from pelagic 16 
foraging to coastal breeding and nesting grounds and back to pelagic foraging.  Population growth rate 17 
parameters calculated for the primary nesting site of Mexico indicate a negligible risk of extinction over 18 
the next several decades, given that current conservation practices are continued (Snover, 2005).  Trans-19 
Pacific ships have observed olive ridley turtles over 2,100 nm (4,000 km) from shore.  Only one olive 20 
ridley record exists for Guam and the Northern Marianas Islands, an alleged capture in the waters near 21 
Saipan.  The exact location of this capture is unknown.  In-water sightings of this species have occurred 22 
within the Yap and Palau vicinities (Commander, U.S. Pacific Fleet, Executive Agent, 2010). 23 


2.3 Marine Mammals 24 


This section provides information about marine mammals that may reside in, or transit through, the 25 
general region of the proposed impact sites.  Marine mammals include a diverse assemblage of animals 26 
uniquely adapted for life in the sea.  Cetaceans (whales, dolphins, and porpoises) commonly are divided 27 
into two groups: those with teeth for grasping prey (odontocetes), and those that use baleen to filter prey 28 
from seawater (mysticetes).  Pinnipeds (seals and sea lions) are somewhat less marine-adapted in that they 29 
routinely haul out onto land to breed and molt; consequently, they are not included in the analysis.  30 
Mustelids (sea otters) also are not likely to be found in the impact areas and are not included in this 31 
analysis.  Twenty-six species of marine mammals occur in the western portion of the Pacific Ocean, with 32 
three as strays, and two restricted to the subarctic and transitional waters of the northern Pacific, occurring 33 
only within the region at the northern-most Hawaiian Ridge seamounts and islands (U.S. Geological 34 
Survey, 2003). 35 


All marine mammals are protected from take in U.S. waters or by U.S. citizens in international waters by 36 
the U.S. MMPA.  Additionally, several marine mammal species occurring in the Action Area are U.S. 37 
ESA-listed candidate, threatened, or endangered.  Descriptions of listed marine mammal species in Table 38 
2-1 are provided below.  Descriptions of those species potentially present in the Action Area and 39 
protected by the U.S. MMPA are also provided in Table 2-1. 40 


Any species listed as threatened or endangered under the ESA is considered a depleted stock by the 41 
MMPA.  The term depleted is further defined by the MMPA as any case in which a species or population 42 
stock is determined to be below its optimum sustainable population.  In addition to those species listed as 43 
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depleted under the MMPA because they are listed as threatened or endangered under the ESA, one 1 
species—the spinner dolphin (Stenella longirostris)—is also listed as depleted under the MMPA.  2 


There is no designated critical habitat in the Action Area for cetaceans. 3 


2.3.1 Whales Listed under the U.S. Endangered Species Act 4 
The following whales are endangered or candidate species under the U.S. ESA and are listed in Table 2-1.  5 


2.3.1.1 Blue Whale (Balaenoptera musculus) 6 
The blue whale is listed as endangered under the U.S. ESA and as depleted under the U.S. MMPA 7 
(NMFS, 1998).  Widespread whaling over the last century is believed to have decreased the population to 8 
approximately 1 percent of its pre-whaling population size (Sirovic et al., 2004).  The stock of blue 9 
whales includes animals found from the northern Gulf of Alaska to the Eastern Tropical Pacific (ETP) 10 
(Carretta et al., 2010). 11 


The blue whale inhabits all oceans and normally occurs near the coast though it also is found in oceanic 12 
waters.  Blue whales travel alone or with one to two other individuals.  Calving occurs in tropical and 13 
subtropical waters (Jefferson et al., 2008). 14 


This species preys almost exclusively on various types of zooplankton, mainly krill.  They lunge feed and 15 
consume approximately 6 tons (5,500 kilograms) of krill per day (Pitman et al., 2007).  They sometimes 16 
feed at depths >330 ft (100 m), where their prey maintains dense groupings (Acevedo-Gutiérrez et al., 17 
2002). 18 


While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 19 
have acute infrasonic hearing.  Based on vocalizations and anatomy, blue whales are assumed to 20 
predominantly hear low-frequency sounds below 400 Hz (Croll et al., 2001; Oleson et al., 2007).  In terms 21 
of functional hearing capability, blue whales belong to the low-frequency group, with a hearing frequency 22 
range of 12 to 400 Hz, with dominant energy in the infrasonic range at 12 to 25 Hz (Southall et al., 23 
2007;Ketten, 1998; Mellinger and Clark, 2003).  Experts assume blue whales are able to receive sound 24 
signals in roughly the same frequencies as the signals they produce.  This suggests blue whales, like other 25 
baleen whales, are more likely to have their best hearing capacities at low frequencies, including 26 
frequencies lower than those of normal human hearing, rather than at mid- to high-frequencies (Ketten, 27 
1997). 28 


2.3.1.2 Fin Whale (Balaenoptera physalus) 29 
The fin whale has a worldwide distribution, but is listed as endangered under the U.S. ESA and as 30 
depleted under the U.S. MMPA.  The fin whale is found in all the world’s oceans and is the second 31 
largest species of whale (Jefferson et al., 2008).  There are an estimated 140,000 fin whales globally, and 32 
they are relatively abundant in the Pacific Ocean (Mizroch et al., 2009).  Fin whales are rare in waters in 33 
the vicinity of Wake Island and Guam.  The Pacific fin whale population structure is not well known.  34 
There is a California, Oregon, and Washington stock recognized, as well as a separate stock in the Gulf of 35 
California (Carretta et al., 2010). 36 


This species uses a variety of habitats and is highly adaptable (Azzellino et al., 2008; Panigada et al., 37 
2008).  They prefer temperate and polar waters and are scarcely seen in tropical waters (Reeves et al., 38 
2002).  Fin whales are often seen close to shore after periodic patterns of upwelling of cool water and the 39 
resultant increased krill density (Azzellino et al., 2008). 40 
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In terms of functional hearing capability, fin whales belong to the low-frequency group, with hearing 1 
ranging from 7 Hz to 22 kHz (Southall et al., 2007).  Although no studies have directly measured the 2 
sound sensitivity of fin whales, experts assume that fin whales are able to receive sound signals in 3 
roughly the same frequencies as the signals they produce.  This suggests that fin whales, like other baleen 4 
whales, are more likely to have their best hearing capacities at low frequencies, including frequencies 5 
lower than those of normal human hearing, rather than at mid- to high frequencies (Ketten, 1997). 6 


2.3.1.3 Humpback Whale (Megaptera novaengliae) 7 
Humpback whales are endangered under the U.S. ESA and depleted under the U.S. MMPA.  There are an 8 
estimated 35,000 to 40,000 humpback whales globally.  In the Action Area, this estimate includes about 9 
6,000 to 8,000 in the North Pacific Ocean.  Some stocks apparently are still depleted from whaling, but 10 
most are showing strong evidence of recovery (Calambokidis and Barlow, 2004).  In the U.S. North 11 
Pacific Ocean, the stock structure of humpback whales is defined based on feeding areas because of the 12 
species’ fidelity to feeding grounds (Carretta et al., 2010). 13 


Humpback whales are distributed in all major oceans and most seas.  They normally are found during the 14 
summer on high latitude feeding grounds and during the winter in the tropics and subtropics around 15 
islands, over shallow banks, and along continental coasts, where calving occurs.  Most humpback whale 16 
sightings are in nearshore waters; however, humpback whales frequently travel through deep oceanic 17 
waters during migration (Calambokidis et al., 2001). 18 


Humpback feeding habitats typically are shallow banks or ledges with high seafloor relief (Hamazaki, 19 
2002).  On breeding grounds, females with calves occur in significantly shallower waters than other 20 
groups of whales, and breeding adults use deeper more offshore waters (Ersts and Rosenbaum, 2003; 21 
Smultea, 1994).  Humpback whales feed on a variety of invertebrates and small schooling fishes, both at 22 
the surface and in deeper waters.  Humpbacks spend most of their time in the upper 395 ft (120 m) of the 23 
water column on the feeding grounds (Dietz et al., 2002). 24 


In terms of functional hearing capability, humpback whales are considered low-frequency cetaceans, with 25 
hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  Houser et al. (2001) produced a predicted 26 
humpback whale audiogram using a mathematical model based on the internal structure of the ear.  27 
Estimated sensitivity was from 700 Hz to 10 kHz, with maximum relative sensitivity between 2 and 6 28 
kHz.  The ability of humpbacks to hear frequencies around 3 kHz may have been demonstrated in a 29 
playback study.  Maybaum (1989) reported humpback whales showed a mild response to a handheld 30 
sonar detection and location device with frequency of 3.3 kHz at 219 Decibels (dB) referenced to (re) 1 31 
Micropascal-meter (μPa-m) or frequency sweep of 3.1 to 3.6 kHz. 32 


2.3.1.4 Sei Whale (Balaenoptera borealis) 33 
The sei whale is endangered under the U.S. ESA and depleted under the U.S. MMPA.  Only a single 34 
eastern North Pacific Ocean stock is recognized in the U.S. Pacific EEZ (Carretta et al., 2010).  Some 35 
research indicates more than one stock exists: one between 175° West (W, longitude measured East [E] or 36 
W from the Prime Meridian), and 155°W and another east of 155°W (Carretta et al., 2010). 37 


Sei whales have a worldwide distribution and are found primarily in cold temperate to subpolar latitudes.  38 
During the winter, sei whales are found from 20°North (N) to 23°N and during the summer from 35°N to 39 
50°N (Horwood, 2009; Smultea et al., 2010).  They are considered absent or at very low densities in most 40 
equatorial areas and therefore are unlikely to be present in high numbers in the Action Area. 41 


Sei whales appear to prefer regions of steep bathymetric relief, such as canyons, continental shelf breaks, 42 
or basins between banks and ledges (Best and Lockyer, 2002; Gregr and Trites, 2001).  Sei whales spend 43 
the summer feeding in high subpolar latitudes and return to lower latitudes to calve in winter.  Feeding 44 
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occurs primarily around dawn, which appears to be correlated with vertical migrations of prey species 1 
(Horwood, 2009).  The sei whale typically skims to obtain its food, but occasionally does some lunging 2 
and gulping (Horwood, 2009). 3 


While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 4 
have acute infrasonic hearing.  In terms of functional hearing capability, sei whales belong to the group of 5 
low-frequency cetaceans with the best hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  There 6 
are no tests or modeling estimates of specific sei whale hearing ranges. 7 


2.3.1.5 Sperm Whale (Physeter macrocephalus) 8 
The sperm whale has been endangered since 1970 under the precursor to the U.S. ESA and is considered 9 
depleted under the U.S. MMPA.  Sperm whales are the largest of the toothed whales, with males 10 
considerably larger than females (National Oceanic and Atmospheric Administration, 2012a).  Sperm 11 
whales are divided into three stocks in the Pacific Ocean.  Sperm whales are somewhat migratory with 12 
general shifts occurring during the summer for feeding and breeding.  However, in some tropical areas, 13 
they appear to be largely resident (Rice, 1989; Whitehead, 2003; Whitehead et al., 2008).  Sperm whales 14 
socialize for predator defense and foraging, feeding on squid and other cephalopods and bottom-dwelling 15 
fish and invertebrates (Davis et al., 2007; Rice, 1989). 16 


Sperm whales tend to inhabit areas at least 1,968 ft (600 m) deep, and are uncommon in waters less than 17 
984 ft (300 m) deep.  Females generally are found in waters at least 3,280 ft (1,000 m) deep of low 18 
latitudes (less than 40°N or South (S) from the Equator, except in the North Pacific where they are found 19 
as high as 50°N).  These conditions generally correspond to sea surface temperatures >59°F (15°C), and 20 
while female sperm whales are sometimes seen near oceanic islands, they usually are far from land 21 
(National Oceanic and Atmospheric Administration, 2012a). 22 


Sperm whales produce short-duration (generally less than 3 seconds) broadband clicks, (100 Hz to 30 23 
kHz), with dominant energy in two bands, 2 to 4 kHz and 10 to 16 kHz.  Generally, most of the acoustic 24 
energy is present at frequencies below 4 kHz, although diffuse energy up to and past 20 kHz has been 25 
reported (Thode et al., 2002).  The source levels can be up to 236 dB re 1 µPa-m (Møhl et al., 2003).  26 
Thode et al. (2002) suggested the acoustic directivity (angular beam pattern) from sperm whales must 27 
range between 10 and 30 dB in the 5 to 20 kHz region.  The clicks of newborn sperm whales are very 28 
different from usual clicks of adults; they are of low directionality, long duration, and low-frequency 29 
(centroid frequency between 300 and 1,700 Hz) with estimated source levels between 140 and 162 dB re 30 
1 µPa-m (Madsen et al., 2003).  Clicks are heard most frequently when sperm whales are engaged in 31 
diving/foraging behavior (Whitehead and Weilgart, 1991; Miller et al., 2004; Zimmer et al., 2005).  These 32 
may be echolocation clicks used in feeding, contact calls (for communication), and orientation during 33 
dives.  When sperm whales are socializing, they tend to repeat series of clicks (codas), which follow a 34 
precise rhythm and may last for hours (Watkins and Schevill, 1977).  Codas are shared between 35 
individuals of a social unit and are considered to be primarily for intragroup communication (Weilgart 36 
and Whitehead, 1997; Rendell and Whitehead, 2004). 37 


The anatomy of the sperm whale ear indicates it hears high-frequency sounds (Ketten, 1992).  Anatomical 38 
studies also suggest the sperm whale has some ultrasonic hearing but at a lower maximum frequency than 39 
many other odontocetes (Ketten, 1992).  The sperm whale also may possess better low-frequency hearing 40 
than some other odontocetes, although not as extraordinarily low as many baleen whales (Ketten, 1992).  41 
Auditory brainstem response in a neonatal sperm whale indicated highest sensitivity to frequencies 42 
between 5 and 20 kHz (Ridgway and Carder, 2001). 43 


Reactions to anthropogenic sounds can provide indirect evidence of hearing capability, and several 44 
studies have noted changes seen in sperm whale behavior in conjunction with these sounds.  For example, 45 
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sperm whales have been observed to frequently stop echolocating in the presence of underwater pulses 1 
made by echosounders and submarine sonar (Watkins and Schevill, 1977).  In the Caribbean, Watkins et 2 
al. (1985) observed sperm whales exposed to 3.25 to 8.4 kHz pulses (presumed to be from submarine 3 
sonar) interrupted their activities and left the area.  Similar reactions were observed from artificial noise 4 
generated by banging on a boat hull (Watkins et al., 1985).  André et al. (1997) reported foraging whales 5 
exposed to a 10 kHz pulsed signal did not ultimately exhibit any general avoidance reactions; when 6 
resting at the surface in a compact group, sperm whales initially reacted strongly and then ignored the 7 
signal completely.  Thode et al. (2007) observed the acoustic signal from a fishing vessel’s rapidly 8 
spinning propeller (110 dB re 1 squared µPa [µPa2] between 250 Hz and 1.0 kHz) interrupted sperm 9 
whale acoustic activity and resulted in the animals converging on the vessel.  The full range of functional 10 
hearing for the sperm whale is estimated to occur between approximately 150 Hz and 160 kHz, placing 11 
them among the group of cetaceans that can hear mid-frequency sounds (Southall et al., 2007). 12 


2.3.1.6 False Killer Whale (Pseudorca crassidens) 13 
The false killer whale is listed as a candidate species under the U.S. ESA and depleted under the U.S. 14 
MMPA.  They are found in tropical and temperate waters, generally between 50°S and 50°N latitude with 15 
a few records north of 50°N in the Pacific and the Atlantic (Odell and McClune, 1999).  Seasonal 16 
movements in the western North Pacific may be related to prey distribution (Odell and McClune, 1999).  17 
Baird et al. (2005) noted considerable inter-island movements of individuals in the Hawaiian Islands. 18 


False killer whales primarily eat deep-sea cephalopods and fish (Odell and McClune, 1999), but they have 19 
been known to attack other cetaceans, including dolphins (Perryman and Foster, 1980; Stacey and Baird, 20 
1991), sperm whales (Palacios and Mate, 1996), and baleen whales. 21 


Not much is known about most false killer whale populations globally.  While the species is not 22 
considered rare, few areas of high density are known.  There are four recognized Pacific Islands 23 
management stocks of false killer whales: two of which may occur near the Action Area; the Palmyra 24 
Atoll stock, includes whales found in the U.S. EEZ of Palmyra Atoll; and the American Samoa stock, 25 
which includes false killer whales found in the U.S. EEZ of American Samoa. 26 


The dominant frequencies of false killer whale whistles are 4 to 9.5 kHz; those of their clicks are 25 to 30 27 
kHz and 95 to 130 kHz (Thomas et al., 1988; Richardson, 1995).  The source level for clicks is 220 to 228 28 
dB re 1 µPA-m (Ketten, 1998).  Best hearing sensitivity measured for a false killer whale was around 16 29 
to 64 kHz (Thomas et al., 1988).  Yuen et al. (2005) tested a stranded false killer whale using auditory 30 
evoke potentials to produce an audiogram in the range of 4 to 44 kHz with best sensitivity at 16 to 24 31 
kHz, but it may have had age-related hearing loss. 32 


2.3.2 Marine Mammals Protected by the U.S. Marine Mammal Protection Act 33 
Species protected by U.S. MMPA potentially occurring in the over-ocean flight corridor and/or MMIII 34 
impact areas in the west Pacific Ocean are briefly described below as provided in MIRC EIS. 35 


2.3.2.1 Blainville’s Beaked Whale (Mesoplodon densirostris) 36 
The Blainville’s beaked whale is designated as “data deficient” on the IUCN Red List (Reeves et al., 37 
2002) (IUCN Red List version 2009.2).  There are no abundance estimates for the Blainville’s beaked 38 
whale in this area.  There was no density estimate for Blainville’s beaked whales available from the 39 
Mariana Islands, therefore, a density estimate of 0.0013 animals per Square Mile (mi2)(Square Kilometer 40 
[km2]) (Coefficient of Variance [CV] = 0.71) that was derived from the offshore Hawaii area was used.  41 
Beaked whales generally breed in October and November, but little else is known of their reproductive 42 
behavior. 43 
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The Blainville’s beaked whale occurs in temperate and tropical waters of all oceans.  In the eastern 1 
Pacific tropical waters, where there are about a half-dozen Mesoplodon spp. known, the Blainville’s 2 
beaked whale is second only to the pygmy beaked whale (Mesoplodon peruvianus) in abundance.  In 3 
waters of the western Pacific, where the pygmy beaked whale is not considered to be present, the 4 
Blainville’s beaked whale is probably the most common and abundant tropical species of Mesoplodon 5 
and may be expected to occur in the area.  Two Mesopolodon species were observed during the Navy’s 6 
2007 survey, over the West Mariana Ridge, but were not identified to the species level.  Occurrence 7 
patterns are expected to be the same throughout the year.  Recent information suggests that beaked whale 8 
species (Blainville’s and Cuvier’s beaked whales and northern bottlenose whales) show site fidelity and 9 
have been sighted in the area over many years. 10 


Analysis of stomach contents from captured and stranded individuals suggests that beaked whales are 11 
deep-diving animals, feeding by suction.  Another species of beaked whales, the Baird’s beaked whale, 12 
feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as mackerel, 13 
sardine, and saury.  Four Blainville’s beaked whales off the west coast of Hawaii foraged in deep ocean 14 
areas (2,270 to 9,855 ft [688 to 2,986 m]) with a maximum dive to 4,619 ft (1,400 m).  Dives ranged from 15 
at least 13 minutes (lost dive recorder during the dive) to a maximum of 68 minutes. 16 


Beaked whales possibly use frequencies of between 300 Hz and 129 kHz for echolocation, and between 2 17 
and 10 kHz, and possibly up to 16 kHz, for social communication.  In 2004, Blainville’s beaked whales 18 
echolocation clicks were recorded at frequencies from 20 to 40 kHz, although 40 kHz was the upper range 19 
of recording equipment.  Therefore, it is possible that Blainville’s beaked whales may use frequencies 20 
similar to those measured for Cuvier’s beaked whales; i.e, frequencies from 20 to 70 kHz.  In 2004 in the 21 
Ligurian Sea, the source level of two Blainville’s beaked whale clicks ranged from 200 to 220 dB re 22 
1 μPa-m, as measured peak to peak.  Blainville’s beaked whales produce whistles and pulsed sounds 23 
between 6 and 16 kHz.  No hearing data is available for Blainville’s beaked whales but it has been 24 
reported that the Gervais beaked whale could hear in the range of 5 to 80 kHz although no measurements 25 
were attempted above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 26 


2.3.2.2 Bottlenose dolphin (Tursiops truncatus) 27 
There were an estimated 122 (CV = 0.99; 95% Confidence Indicator [CI] = 5.0  to 2,943) bottlenose 28 
dolphins in the Mariana Islands Sea Turtle and Cetacean Survey (MISTCS) study area, and density was 29 
estimated as 0.00021 animals per mi2 (km2) (Naval Facilities Engineering Command Pacific, 2007).  30 
Bottlenose dolphin group size ranged from 3 to 10 individuals and calves were seen during several 31 
sightings.  Bottlenose dolphins are designated as “least concern” on the 2009 IUCN Red List.  Nothing is 32 
known of stock structure around the Marianas.  The only estimate of abundance of bottlenose dolphins for 33 
the region is an estimate of 31,700 animals for the Western North Pacific, which may possibly coincide 34 
with the stock of offshore bottlenose dolphins that occurs around the Marianas. 35 


Bottlenose dolphins off the Pacific coast of the United States are known to feed primarily on surf perches 36 
(Family Embiotocidae) and croakers (Family Sciaendae).  Bottlenose dolphins are expected to occur from 37 
the coastline to the 6,600 ft (2,000 m) isobath, which takes into consideration the known habitat 38 
preferences of Tursiops globally.  Individuals are expected to occur in both harbors and lagoons, based on 39 
observations worldwide in similar habitats.  There is a low or unknown occurrence of the bottlenose 40 
dolphin seaward of the 6,600 ft (2,000 m) isobath.  This pattern takes into account possible movement by 41 
bottlenose dolphins between the Mariana Islands chain, as well as sightings globally in deep waters.  42 
Occurrence patterns are expected to be the same throughout the year.  There are no stranding records 43 
available for this species in the Marianas area and vicinity, and only a mention that bottlenose dolphins 44 
are seen in coastal waters of Guam.  It is possible that large densities of bottlenose dolphins do not occur 45 
in great numbers in this island chain due to the fact that the area does not have a significant shelf 46 
component.  A similar situation could be occurring in the MIRC Study Area and vicinity. 47 
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Bottlenose dolphins were sighted three times during the Navy’s 2007 MISTCS survey, two of the 1 
sightings were in the vicinity of Challenger Deep, while the other sighting was east of Saipan near the 2 
Mariana Trench in deep waters ranging from 13,995 to 16,536 ft (4,241 to 5,011 m).  One of the sightings 3 
near the Challenger Deep was a mixed-species aggregation that included sperm whales (with calves) 4 
logging at the surface.  Another mixed-species aggregation involved bottlenose dolphins with short-5 
finned pilot whales and rough-toothed dolphins.  (Naval Facilities Engineering Command Pacific, 2007) 6 


Newborn calves are observed throughout the year and may be influenced by productivity and food 7 
abundance.  In 1993 it was reported that all his sightings of bottlenose dolphins in the western Pacific 8 
were of a larger, unspotted type (presumably the bottlenose dolphin, as opposed to the similar Indo-9 
Pacific bottlenose dolphin).  The Indo-Pacific bottlenose dolphin is considered to be a species associated 10 
with continental margins, as it does not appear to occur around offshore islands great distances from a 11 
continent, such as the Marianas.  However, since the Indo-Pacific bottlenose dolphin occurs directly west 12 
and to the south of the Marianas area, there is the possibility of extralimital occurrences of this species. 13 


There are no stranding records available for this species in the Marianas area and vicinity, and only a 14 
mention that bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of 15 
bottlenose dolphins do not occur in great numbers in this island chain due to the fact that the area does not 16 
have a significant shelf component.  A similar situation could be occurring in the MIRC Study Area and 17 
vicinity. 18 


Pacific coast bottlenose dolphins feed primarily on surf and croakers, and also consume squid.  Navy 19 
bottlenose dolphins have been trained to reach maximum diving depths of about 984 ft (298 m).  The 20 
presence of deep-sea fish in the stomachs of some offshore individual bottlenose dolphins suggests that 21 
they dive to depths of more than 1,638 ft (496 m).  Dive durations up to 15 minutes have been recorded 22 
for trained individuals.  Typical dives, however, are more shallow and of a much shorter duration. 23 


Sounds emitted by bottlenose dolphins have been classified into two broad categories: pulsed sounds 24 
(including clicks and burst-pulses) and narrow-band continuous sounds (whistles), which usually are 25 
Frequency Modulated (FM).  Clicks and whistles have a dominant frequency range of 110 to 130 kHz and 26 
a peak to peak source level of 218 to 228 dB re 1 μPa-m and 3.5 to 14.5 kHz and 125 to 173 dB re 1 27 
μPa-m, respectively.  Generally, whistles range in frequency from 0.8 to 24 kHz. 28 


The bottlenose dolphin has a functional high-frequency hearing limit of 160 kHz and can hear sounds at 29 
frequencies as low as 40 to 125 Hz (Turl, 1993).  Inner ear anatomy of this species has been described.  30 
Electrophysiological experiments suggest that the bottlenose dolphin brain has a dual analysis system: 31 
one specialized for ultrasonic clicks and the other for lower-frequency sounds, such as whistles.  32 
Scientists have reported a range of best sensitivity between 25 and 70 kHz, with peaks in sensitivity 33 
occurring at 25 and 50 kHz. 34 


A TTS in hearing has been experimentally induced in captive bottlenose dolphins using a variety of 35 
noises (i.e., broad-band, pulses).  For example, TTS has been induced with exposure to a 3 kHz, one-36 
second pulse with sound exposure level (SEL) of 195 dB re 1 Micropascal Squared-second (μPa2-s), one-37 
second pulses from 3 to 20 kHz at 192 to 201 dB re 1 Micropascal (μPa), octave band noise (4 to 11 kHz) 38 
for 50 minutes at 179 dB re 1 μPa, and sonar signals (0.5 second in duration) spaced 24 seconds at 5.6 39 
kHz.  Preliminary research indicates that TTS and recovery after noise exposure are frequency dependent 40 
and that an inverse relationship exists between exposure time and sound pressure level associated with 41 
exposure.  TTS was induced by repeated exposures to intense sonar pings with received sound exposure 42 
levels of 214 dB re 1 μPa2-s, suggesting that for TTS to occur from sonar in the environment, the dolphin 43 
would need to be within 131 ft (40 m) of the source and exposed for approximately 2 to 2.5 minutes.  The 44 
authors suggest that this would be an unlikely situation out in the open ocean and concluded that an SEL 45 
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of 195 dB re 1 μPa2-s is a reasonable threshold for the onset of TTS in bottlenose dolphins exposed to 1 
mid-frequency tones. 2 


2.3.2.3 Bryde’s Whale (Balaenoptera edeni) 3 
There were an estimated 233 ([CV = 0.45; 95% CI = 99 to 546) Bryde’s whales in the MISTCS study 4 
area, and density was estimated as 0.00041 animals per square kilometer.  The International Whaling 5 
Commission recognizes three management stocks of Bryde’s whales in the North Pacific: Western North 6 
Pacific, Eastern North Pacific, and East China Sea.  The Bryde’s whale is designated as “data deficient” 7 
on the IUCN Red List.  Breeding and calving occur in warm temperate and tropical areas but regularly 8 
used sites have not been identified.  Bryde’s whales are lunge-feeders, feeding on fish and krill and might 9 
dive as long as 20 minutes. 10 


Bryde’s whale is found year-round in tropical and subtropical waters in either hemisphere.  They have 11 
been reported to occur in both deep and shallow waters globally.  Long migrations are not typical of 12 
Bryde’s whales, though limited shifts in distribution toward and away from the equator, in winter and 13 
summer, respectively, have been observed.  Bryde’s whales have a broad, overlapping winter and summer 14 
distribution in the Central Pacific from 5° S to 40° N, and are the most common baleen whales likely to 15 
occur in the Mariana Islands from May to July, and possibly August. 16 


Historical records show a consistent presence of Bryde’s whales in the Mariana Islands.  Bryde’s whales 17 
were sighted in the Mariana Islands during a 1994 survey, in the western Pacific.  These whales are 18 
typically only seen when surface water temperature was > 68°F (20°C) although a preference for water 19 
temperatures between approximately 59° and 68°F (15° and 20°C) has been reported.  A single Bryde’s 20 
whale washed ashore on Masalok Beach on Tinian in February, 2005.  There was one sighting in July 21 
1999, approximately 5 to 10 nm (9.3 to 18.5 km) west of Farallon de Medinilla.  Additionally, there was a 22 
sighting 105 nm (195 km) southeast of Guam made during December 1996, which was reported to the 23 
NMFS for their Platforms of Opportunity Program.  Occurrence patterns are expected to be the same 24 
throughout the year. 25 


Bryde’s whales were observed at least 18 times during the 3-month Navy survey in 2007.  They were 26 
observed in groups of one to three, with several sightings including calves.  Bryde’s whales were sighted 27 
in deep waters, ranging from 8,363 to 24,190 ft (2,534 to 7,330 m).  There were several sightings in 28 
waters over and near the Mariana Trench.  Most sightings though were associated with bathymetric relief 29 
(e.g., steeply sloping areas and seamounts), including sightings adjacent to the Chamorro Seamounts east 30 
of the Commonwealth of Northern Mariana Islands and over the West Mariana Ridge.  There were also 31 
concentrations in the southeast corner of the MISTCS study area.  Multi-species aggregations with sei 32 
whales were also observed on several occasions.  During marine mammal monitoring for Valiant Shield 33 
07, a single Bryde’s whale was observed about 87 nm (161 km) east of Guam at the edge of the Mariana 34 
Trench.  (Naval Facilities Engineering Command Pacific, 2007) 35 


While 25°N may represent the northernmost extent of Bryde’s whale winter distribution (5°S to 25°N), 36 
they can range from 5°N to 40°N during summer, suggesting that winter and summer ranges overlap.  The 37 
majority of August sightings reported in the Western Pacific for Bryde’s whales are between 20 to 40°N, 38 
although there was no reported sighting effort south of 20°N.  Bryde’s whales are sometimes seen very 39 
close to shore and even inside enclosed bays. 40 


Bryde’s whales produce low frequency tonal and swept calls similar to those of other balaenopterid 41 
whales.  Calls vary regionally, yet all but one of the call types have a fundamental frequency below 60 42 
Hz; they last from 0.25 second to several seconds; and they are produced in extended sequences.  There 43 
appear to be five tone types.  While no data on hearing ability for this species are available, it has been 44 
hypothesized that mysticetes have acute infrasonic hearing. 45 
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2.3.2.4 Cuvier’s beaked whale (Ziphius cavirostris) 1 
There are no abundance estimates for the Cuvier’s beaked whale in this area.  The Cuvier’s beaked whale 2 
is designated as “least concern” on the 2009 IUCN Red List.  There was no density estimate for Cuvier’s 3 
beaked whales available from the Mariana Islands, therefore, a density estimate of 0.0052 animals per 0.4 4 
mi2 (km2) (CV = 0.83) that was derived from the offshore Hawaii area was used.  Little is known of 5 
beaked whale reproductive behavior. 6 


During marine mammal monitoring for Valiant Shield 07, a single Cuvier’s beaked whale was observed 7 
about 65 nm (120 km) south of Guam at the edge of the Mariana Trench.  Little is known about the 8 
habitat preferences of any beaked whale.  Based on current knowledge, beaked whales normally inhabit 9 
deep ocean waters >6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200–2,000 m]).  Cuvier’s 10 
beaked whale generally is sighted in waters > 660 ft (200 m) deep, and is frequently recorded at depths > 11 
3,300 ft (1,000 m).  They are commonly sighted around seamounts, escarpments, and canyons and occur 12 
in deeper waters than Blainville’s beaked whales in the Bahamas.  In Hawaii, Cuvier’s beaked whales 13 
showed a high degree of site fidelity in a study spanning 21 years and showed that there was an offshore 14 
population and an island associated population. 15 


Recent studies show that Cuvier’s beaked whales dive deeply (maximum of 4,757 ft [1,442 m]) and for 16 
long periods (maximum dive duration of 68.7 minutes) but also spent time at shallow depths.  Deep 17 
diving for Cuvier’s beaked whales have been recorded with a mean depth of 3,510 ft (1,064 m) and mean 18 
duration of 58 minutes. 19 


It has been suggested that beaked whale species use frequencies of between 300 Hz and 129 kHz for 20 
echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  Cuvier’s 21 
beaked whales’ echolocation clicks were recorded at frequencies from 20 to 70 kHz.  Cuvier’s beaked 22 
whales only echolocated below 660 ft (200 m).  Echolocation clicks are produced in trains (interclick 23 
intervals near 0.4 second) and individual clicks are frequency modulated pulses with durations of 200 to 24 
300 Microseconds (μsec), the center frequency was around 40 kHz with no energy below 20 kHz.  25 
(McDonald, et al., 2009). 26 


In the only hearing study of a beaked whale, it was reported that the Gervais beaked whale (Mesoplodon 27 
europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted above 80 28 
kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 29 


2.3.2.5 Dwarf Sperm Whale (Kogia sima) 30 
The dwarf sperm whale is not listed as endangered under the ESA and is not a depleted or strategic stock 31 
under the MMPA.  The dwarf sperm whale is designated as “data deficient” on the 2009 IUCN Red List.  32 
There is no information on the population trend of dwarf sperm whales or their abundance in the 33 
Marianas area.  There was no density estimate for dwarf sperm whales available from the Mariana 34 
Islands, therefore, a density estimate of 0.0078 animals per 0.4 mi2 (km2) (CV = 0.66) that was derived 35 
from the Hawaii offshore area was used. 36 


The difficulty in differentiating between the two Kogia species (dwarf sperm whales and pygmy sperm 37 
whales) considered in the MIRC EIS is exacerbated by their avoidance reaction towards ships and change 38 
in behavior towards approaching survey aircraft).  Based on the cryptic behavior of these species and their 39 
small group sizes (much like that of beaked whales), as well as similarity in appearance, it is difficult to 40 
identify these species in sightings at sea. 41 


The primary occurrence for dwarf sperm whales is in deep water with a mean depth of 4,674 ft (779 42 
fathoms, 1,416 m) (Baird et al., 2005).  There is a rare occurrence for Kogia inshore of the area of 43 
primary occurrence.  Occurrence is expected to be the same throughout the year.  Dwarf sperm whales 44 
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showed a high degree of site fidelity, determined from photo identification over several years, in areas 1 
west of the island of Hawaii.  During marine mammal monitoring for Valiant Shield 07, a group of three 2 
dwarf/pygmy sperm whales were observed about eight nm (15 km) east of Guam. 3 


There are only two stranding records for the dwarf sperm whale in the MIRC area and vicinity.  There is 4 
no information on the breeding behavior within the MIRC.  No breeding or calving areas for the Mariana 5 
Islands have been described.  Dwarf sperm whales feed on cephalopods and, less often, on deep-sea fishes 6 
and shrimps, making dives of up to 25 minutes.  Median dive times of around 11 minutes have been 7 
documented for Kogia. 8 


Although there is no information available on dwarf sperm whale vocalizations or hearing capabilities, 9 
there is data on the closely-related pygmy sperm whale.  Pygmy sperm whale clicks range from 60 to 200 10 
kHz, with a dominant frequency of 120 kHz.  An auditory brainstem response study indicates that pygmy 11 
sperm whales have their best hearing between 90 and 150 kHz, and it would be logical to assume similar 12 
acoustic characteristics in dwarf sperm whales due to similar feeding and diving behavior. 13 


Although little is known about the functional hearing range of Kogia, they are assumed to be most 14 
sensitive to acoustic energy in the high frequency range.  Active sonar outside this area may not result in 15 
responses as strong as those that occur within their best hearing sensitivity. 16 


2.3.2.6 Fraser’s Dolphin (Lagenodelphis hosei) 17 
This species is designated as “least concern” on the 2009 IUCN Red List.  There are no abundance 18 
estimates available for the Fraser’s dolphin in this area.  There was no density estimate for Fraser’s 19 
dolphins available from the Mariana Islands, therefore, a density estimate of 0.0069 animals per mi2 (km2) 20 
(CV = 1.11) that was derived from the Hawaii offshore area was used. 21 


The Fraser’s dolphin is an oceanic species.  In the Gulf of Mexico, it has been seen in waters over the 22 
abyssal plain.  In some locales, as noted earlier, Fraser’s dolphins do approach closer to shore, particularly 23 
in locations where deep waters are nearby.  In the offshore ETP, this species is distributed mainly in 24 
upwelling-modified waters.  Occurrence patterns are assumed to be the same throughout the year. 25 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 26 
Mariana Islands have been identified (Jefferson and Leatherwood 1994).  Fraser's dolphins feed on mid-27 
water fishes, squids, and shrimps.  There is no information available on depths to which Fraser's dolphins 28 
dive, but they are thought to be capable of deep dives. 29 


Very little is known of the acoustic abilities of the Fraser’s dolphin.  Fraser's dolphin whistles have a 30 
frequency range of 7.6 to 13.4 kHz and recent data extended that range to 6.6 to 23.5 kHz with durations 31 
of 0.06 to 0.93 second.  There are no hearing data for this species. 32 


2.3.2.7 Ginkgo-toothed Beaked Whale (Mesoplodon ginkgodens) 33 
There was no density estimate for ginkgo-toothed beaked whales available from the Mariana Islands, 34 
therefore, a density estimate of 0.0005 animals per mi2 (km2) (CV = 0.45 to 1.00) that was derived from 35 
the Hawaii offshore area was used.  The ginkgo-toothed beaked whale is designated as “data deficient” in 36 
the North Pacific on the 2009 IUCN Red List. 37 


Beaked whales normally inhabit deep ocean waters (> 6,600 ft [2,000 m]) or continental slopes (660 to 38 
6,600 ft [200 to 2,000 m]).  Based on stranding records in the eastern Pacific Ocean, this species may 39 
select relatively cool, upwelling-modified habitats, such as those found in the California and Peru 40 
Currents and along the equatorial front.  Beaked whales may be expected to occur in the area.  Occurrence 41 
patterns are expected to be the same throughout the year.  Very little is known about the distribution of 42 
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this species.  What is known of its range suggests any records in the Marianas area and vicinity would be 1 
rare. 2 


The ginkgo-toothed whale is known only from strandings (there are no confirmed live sightings) in 3 
temperate and tropical waters of the Pacific and Indian Oceans.  There are no occurrence records for this 4 
species in the MIRC Study Area and vicinity, but this area is within the known distribution range for this 5 
species. 6 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 7 
Mariana Islands have been described. 8 


Analysis of stomach contents from captured and stranded individuals suggests that beaked whales are 9 
deep-diving animals, feeding by suction.  Another species of beaked whales, the Baird’s beaked whale, 10 
feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as mackerel, 11 
sardine, and saury.  Blainville’s beaked whales off the west coast of Hawaii foraged in deep ocean areas 12 
(2,270 to 9,855 ft [688 to 2,986 m]) with a maximum dive to 4,619 ft (1,400 m).  Dives ranged from at 13 
least 13 minutes (lost dive recorder during the dive) to a maximum of 68 minutes.  A mean depth of 2,740 14 
ft (830 m) and mean duration of 46.5 minutes for Baird’s beaked whales have been reported. 15 


Nothing is known of the acoustic abilities of the ginkgo-toothed whale but information is available for 16 
other beaked whale species, suggesting that beaked whales use frequencies of between 300 Hz and 129 17 
kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  18 
Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz and 19 
Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 20 


In the only hearing study on beaked whales, it was reported that the Gervais beaked whale (Mesoplodon 21 
europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted above 80 22 
kHz).  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 23 


2.3.2.8 Killer whale (Orcinus orca) 24 
This species is designated as “data deficient” on the 2009 IUCN Red List.  There are no abundance 25 
estimates available for the killer whale within the MIRC Study Area.  Little is known of stock structure of 26 
killer whales in the North Pacific, with the exception of the northeastern Pacific where resident, transient, 27 
and offshore stocks have been described for coastal waters of Alaska, British Columbia, and Washington 28 
to California.  There was no density estimate for killer whales available from the Mariana Islands; 29 
therefore, a density estimate of 0.0002 animals per mi2 (km2) (CV = 0.72) that was derived from the 30 
offshore Hawaii area was used. 31 


Killer whales in general are uncommon in most tropical areas.  The distinctiveness of this species would 32 
lead it to be reported more than any other member of the dolphin family, if it occurs in a certain locale.  33 
Killer whales have been reported in the tropical waters around Guam, Micronesia, and Palau “for years.”  34 
However; a small number of sighting documentation substantiate this claim.  There are a few sightings 35 
(most are unconfirmed) of killer whales off Guam, including a sighting 14.6 nm (27 km) west of Tinian 36 
during January 1997, reported to the NMFS Platforms of Opportunity Program.  There was also a badly 37 
decomposed killer whale found stranded on Guam in August 1981. 38 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 39 
Mariana Islands have been described. 40 


The maximum depth recorded for free-ranging killer whales diving off British Columbia is about 864 ft 41 
(262 m).  On average, however, for seven tagged individuals, less than 1 percent of all dives examined 42 
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were to depths greater than about 99 ft (30 m).  The longest duration of a recorded dive from a radio-1 
tagged killer whale was 17 minutes. 2 


The killer whale produces a wide variety of clicks and whistles, but most of its sounds are pulsed and at 1 3 
to 6 kHz.  Peak to peak source levels of echolocation signals range between 195 and 224 dB re 1 μPa-m.  4 
The source level of social vocalizations ranges between 137 to 157 dB re 1 μPa-m.  Acoustic studies of 5 
resident killer whales in British Columbia have found that there are dialects, in their highly stereotyped, 6 
repetitive discrete calls, which are group-specific and shared by all group members.  These dialects likely 7 
are used to maintain group identity and cohesion, and may serve as indicators of relatedness that help in 8 
the avoidance of inbreeding between closely related whales.  Dialects also have been documented in killer 9 
whales occurring in northern Norway, and likely occur in other locales as well.  The killer whale has the 10 
lowest frequency of maximum sensitivity and one of the lowest high frequency hearing limits known 11 
among toothed whales.  The upper limit of hearing is 100 kHz for this species.  The most sensitive 12 
frequency, in both behavioral and in auditory brainstem response audiograms, has been determined to be 13 
20 kHz. 14 


2.3.2.9 Longman’s Beaked Whale (Indopacetus pacificus) 15 
Longman’s beaked whale is considered to be a relatively rare beaked whale species.  This species is listed 16 
as “data deficient” on the 2009 IUCN Red List.  There was no density estimate for Longman’s beaked 17 
whales available from the Mariana Islands, therefore, a density estimate of 0.0003 animals per mi2 (km2) 18 
(CV = 1.05) that was derived from the Hawaii offshore area was used. 19 


Longman’s beaked whale appears to have a preference for warm tropical water, with most sightings 20 
occurring in waters with a sea surface temperature warmer than 79ºF (26ºC).  Beaked whales normally 21 
inhabit deep ocean waters (> 6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 2,000 m]). .  22 
Longman’s beaked whale is known from tropical waters of the Pacific and Indian Oceans.  All 23 
Longman’s beaked whale sightings were reported south of 25ºN.  Longman’s beaked whale is not as rare 24 
as previously thought but is not as common as the Cuvier’s and Mesoplodon beaked whales.  Recent 25 
information shows that Cuvier’s and Mesoplodon beaked whales may not always inhabit deep ocean areas 26 
and may be found over the continental slope. 27 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 28 
Mariana Islands have been described. 29 


Analysis of stomach contents from captured and stranded individuals suggests that beaked whales are 30 
deep-diving animals, feeding by suction.  Another species of beaked whale, the Baird’s beaked whale, 31 
feed mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as mackerel, 32 
sardine, and saury.  Prolonged dives by the Baird’s beaked whales for periods of up to 67 minutes have 33 
been reported, though dives of about 84 to 114 ft (25 to 36 m) are typical, and dives of 45 minutes are not 34 
unusual.  A mean depth of 2,740 ft (830 m) and mean duration of 46.5 minutes has been recorded for 35 
Baird’s beaked whales. 36 


Little is known of the acoustics of Longman’s beaked whale, but information is available for other beaked 37 
whale species.  Beaked whales use frequencies of between 300 Hz and 129 kHz for echolocation, and 38 
between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  Blainville’s beaked whales 39 
echolocation clicks were recorded at frequencies from 20 to 40 kHz and Cuvier’s beaked whales at 40 
frequencies from 20 to 70 kHz.  (Mesoplodon europeus could hear in the range of 5 to 80 kHz although 41 
no measurements were attempted above 80 kHz.)  The Gervais beaked whale was most sensitive from 40 42 
to 80 kHz. 43 
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2.3.2.10 Melon-headed Whale (Peponocephala electra) 1 
There were an estimated 2,455 (CV = 0.70; 95% CI = 695 to 8,677) melon-headed whales in the MISTCS 2 
study area, and density was estimated as 0.00428 animals per mi2 (km2) (CV = 0.70 Naval Facilities 3 
Engineering Command Pacific, 2007)).  Melon-headed whale group size ranged from 80 to 109 4 
individuals.  This species is designated as “Least Concern” on the 2009 IUCN Red List. 5 


The melon-headed whale is an oceanic species.  Occurrence patterns are assumed to be the same 6 
throughout the year.  There were two sightings of melon-headed whales during the Navy’s 2007 survey, 7 
with group sizes of 80 to 109 individuals.  Additionally, there was a live stranding on the beach at 8 
Inarajan Bay, Guam in April 1980, and there have been some sightings at Rota and Guam.  Melon-headed 9 
whales are expected to occur seaward of the Marianas area and vicinity.  For example, on 4 July 2004, 10 
there was a sighting of an estimated 500 to 700 melon-headed whales and an undetermined smaller 11 
number of rough-toothed dolphins at Sasanhayan Bay (Rota) in waters with a bottom depth of 251 ft (76 12 
m).  Occurrence patterns are assumed to be the same throughout the year.  (Naval Facilities Engineering 13 
Command Pacific, 2007) 14 


Melon-headed whales were sighted in waters with a bottom depth ranging from 10,577 to 12,910 ft (3,205 15 
to 3,912 m).  One of the two sightings was in the vicinity of the West Mariana Ridge.  Melon-headed 16 
whales have also been observed in waters offshore of Palau. 17 


Breeding behavior is unknown, and it is unclear whether there is significant seasonality in calving.  18 
Melon-headed whales prey on squid, pelagic fishes, and occasionally crustaceans.  Most of the fish and 19 
squid families eaten by this species consist of mesopelagic forms found in waters up to 4,950 ft (1,500 m) 20 
deep, suggesting that feeding takes place deep in the water column.  There is no information on specific 21 
diving depths for melon-headed whales. 22 


The only published acoustic information for melon-headed whales is from the southeastern Caribbean.  23 
Sounds recorded included whistles and click sequences.  Whistles had dominant frequencies around 8 to 24 
12 kHz; source levels for higher-level whistles were estimated at no more than 155 dB re 1 μPa-m.  25 
Clicks had dominant frequencies of 20 to 40 kHz; higher-level click bursts were judged to be about 165 26 
dB re 1 μPa-m.  No data on hearing ability for this species are available. 27 


2.3.2.11 Minke whale (Balaenoptera acutorostrata) 28 
The minke whale is designated as “least concern” on the IUCN Red List.  There are no abundance 29 
estimates for this species in this area.  It has been noted that densities of minke whales throughout the 30 
North Pacific are low; however, frequent acoustic detections suggest that this may be due to their cryptic 31 
nature.  The International Whaling Commission recognizes three stocks of minke whales in the North 32 
Pacific, one of which is in the western Pacific west of 180ºN. 33 


The minke whale was frequently detected acoustically (29 detections) during the MISTCS cruise.  34 
However, since there were no visual sightings, no abundance or density could be calculated for this 35 
species.  A density estimate of 0.0003 animals per mi2 (km2)  (CV = 0.71) was derived from the ETP 36 
surveys. 37 


Based on whaling catches and surveys worldwide, there is a deep-ocean component to the minke whale’s 38 
distribution.  During August in the North Pacific, minke whales are more common in the Bering and 39 
Chukchi seas and in the Gulf of Alaska. 40 


Minke whales are distributed in polar, temperate, and tropical waters; they are less common in the tropics 41 
than in cooler waters and are present in the North Pacific from near the equator to the Arctic.  In the 42 
winter, minke whales are found south to within 2° of the equator.  There is no obvious migration from 43 
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low-latitude, winter breeding grounds to high-latitude, summer feeding locations in the western North 1 
Pacific, as there is in the North Atlantic; however, there are some monthly changes in densities in both 2 
high and low latitudes.  Some coastal minke whales restrict their summer activities to exclusive home 3 
ranges and exhibit site fidelity to these areas between years. 4 


Minke whales were the most frequently acoustically detected species of baleen whale during the Navy’s 5 
2007 survey and were mostly found in the southwestern area of the MIRC near the Mariana Trench.  It is 6 
not unusual to have acoustic sightings with no visual confirmation due to the cryptic behavior of this 7 
species in tropical waters.  Minke whale vocalizations in the Pacific Islands have only been reported 8 
during the winter months; however, it is not known if this is indicative of a seasonal migration.  (Naval 9 
Facilities Engineering Command Pacific, 2007) 10 


It has been suggested that mating occurs in winter or early spring, although it has never been observed.  A 11 
general surfacing pattern of minke whales was observed to consist of about four surfacings, interspersed 12 
by short-duration dives averaging 38 seconds.  After the fourth surfacing, there was a longer duration dive 13 
ranging from approximately 2 to 6 minutes.  Minke whales are “lunge feeders” like the other 14 
balaenopterid whales, although different feeding strategies used by minke whales have been reported.  In 15 
the North Pacific, major food items include krill, Japanese anchovy, Pacific saury, and walleye pollock. 16 


Recordings in the presence of minke whales have included both high-and low-frequency sounds.  Two 17 
basic forms of pulse trains were attributed to minke whales: a “speed up” pulse train with energy in the 18 
200 to 400 Hz band, with individual pulses lasting 40 to 60 milliseconds, and a less common “slow-19 
down” pulse train characterized by a decelerating series of pulses with energy in the 250 to 350 Hz band.  20 
Recorded vocalizations from minke whales have dominant frequencies of 60 Hz to >12,000 Hz, 21 
depending on vocalization type.  22 


Recorded source levels, depending on vocalization type, range from 151 to 175 dB re 1 μPa-m.  A 23 
complex and stereotyped sound sequence (“star-wars vocalization”) in the Southern Hemisphere that 24 
spanned a frequency range of 50 Hz to 9.4 kHz has been reported.  Broadband source levels between 150 25 
and 165 dB re 1 μPa-m were calculated.  “Boings,” recently confirmed to be produced by minke whales 26 
and suggested to be a breeding call, consist of a brief pulse at 1.3 kHz, followed by an amplitude 27 
modulated call with greatest energy at 1.4 kHz, with slight frequency modulation over a duration of 2.5 28 
seconds.  While no data on hearing ability for this species are available, mysticetes may have acute 29 
infrasonic hearing. 30 


2.3.2.12 Pacific white-sided dolphin (Lagenorhynchos obliquidens) 31 
Pacific white-sided dolphins are classified as “Low Risk-Least Concern” under the IUCN Red List.  32 
Pacific white-sided dolphins have a robust body, a very short beak, and an unusually large, curved dorsal 33 
fin.  They are sometimes referred to as the “hookfin porpoise,” even though they are not porpoises.  They 34 
have black back, fluke (tail), and lips, with gray sides, dorsal fin, and flippers.  Their belly is white.  On 35 
both sides of the dorsal fin, a white or light gray stripe, which resembles a pair of suspenders, extends 36 
from the eyes to the tail.  Pacific white-sided dolphins can sometimes be confused with Dall’s porpoise, 37 
which shares a similar distribution pattern.  They are the only members of the genus Lagenorhynchus in 38 
the North Pacific Ocean.  (National Oceanic and Atmospheric Administration Fisheries, Office of 39 
Protected Resources, 2012a) 40 


The average adult Pacific white-sided dolphin weighs about 300 to 400 lb (135 to180 kg) and is between 41 
5.5 to 8.0 feet (1.7 to 2.5 m) long.  Males generally are larger than females.  This species of dolphin can 42 
live for more than 40 years.  (National Oceanic and Atmospheric Administration Fisheries, Office of 43 
Protected Resources, 2012a) 44 
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Pacific whitesided dolphins are found in the temperate Northern Pacific Ocean north of the coasts of 1 
Japan and Baja California, Mexico, and across the North Pacific between the latitudes of 38°N and 47°N.  2 
They inhabit waters from the continental shelf to the deep open ocean.  They range from the open ocean 3 
to nearshore waters.  The distribution and abundance of Pacific white-sided dolphins may be affected by 4 
large-scale oceanographic occurrences, such as El Niño and by underwater acoustic deterrent devices.  5 
(National Marine Fisheries Service, 2013; National Oceanic and Atmospheric Administration Fisheries, 6 
Office of Protected Resources, 2012a)  7 


Pacific white-sided dolphins are extremely playful and highly social animals.  Schools of thousands of 8 
Pacific white-sided dolphins are occasionally observed, but group size generally ranges from 10 to 100 9 
animals.  They are often observed “bow riding” and doing acrobatic somersaults.  This species commonly 10 
associates with other cetaceans, such as the Northern right whale dolphin and Risso's dolphin.  (National 11 
Oceanic and Atmospheric Administration Fisheries, Office of Protected Resources, 2012a) 12 


They prey on squid and small schooling fish such as capelin, sardines, and herring.  This species is 13 
capable of diving more than 6 minutes to feed.  They have small conical teeth that are helpful in grasping 14 
their prey.  When feeding during the day, they can be seen working together as a group to herd schools of 15 
fish.  Pacific white-sided dolphins reach sexual maturity around 7 to 10 years of age around lengths of 5.5 16 
to 6 ft (1.7 to 1.8 m).  Gestation lasts for 12 months, with calves being born in the summer months.  17 
Calves weigh approximately 30 lb (15 kg) and are about 2.5 to 4 ft (1 to 1.2 m) in length.  Females give 18 
birth less than every other year.  (National Oceanic and Atmospheric Administration Fisheries, Office of 19 
Protected Resources, 2012a) 20 


There are two stocks of Pacific white-sided dolphins in U.S. waters: California/Oregon/Washington and 21 
North Pacific stocks.  The estimated population range-wide for the species is more than 900,000 animals.  22 
The current estimated population size for the California/Oregon/Washington stock of Pacific white-sided 23 
dolphins is 59,000 animals.  The current population size for the North Pacific stock is 27,000 animals.  24 
(National Oceanic and Atmospheric Administration Fisheries, Office of Protected Resources, 2012a) 25 


A primary threat to Pacific white-sided dolphins is incidental catch in fisheries such as in gillnets and 26 
trawls.  It was estimated that 49,000 to 89,000 animals were incidentally “taken” between 1978 to 1990 in 27 
gillnets and driftnets targeting squid by Japan, Korea, and Taiwan.  They are sometimes killed by 28 
harpooning and drive fisheries in Japan.  (National Oceanic and Atmospheric Administration Fisheries, 29 
Office of Protected Resources, 2012a) 30 


2.3.2.13 Pantropical spotted dolphin (Stenella attenuata) 31 
There were an estimated 12,981 (CV = 0.70; 95% CI = 3,446 to 48,890) pantropical spotted dolphins in 32 
the MISTCS study area, and density was estimated as 0.0226 animals per mi2 (km2)  (CV = 0.70).  33 
Pantropical spotted dolphin group size ranged from 1 to 115 individuals.  There were multiple sightings 34 
that included young calves, and one mixed species aggregation with melon-headed whales and another 35 
with an unidentified Balaenoptera species (spp.).  These pantropical spotted dolphins were identified as 36 
the offshore morphotype. 37 


Pantropical spotted dolphins may have several stocks in the western Pacific, although this is not 38 
confirmed at present.  There were an estimated 127,800 spotted dolphins in the waters surrounding the 39 
Mariana Islands.  This species is designated as “least concern” on the 2009 IUCN Red List.  Three 40 
subspecies are recognized in the Pacific Ocean, two of which have not been formally named.  Stenella 41 
attenuata (S. a.). subspecies A occurs in the offshore waters of the ETP, S. a. subspecies B inhabits 42 
nearshore waters around the Hawaiian Islands, and S. a. graffmani occurs in coastal waters between Baja 43 
California and the northwestern coast of South America. 44 
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The pantropical spotted dolphin can be found throughout tropical and some subtropical oceans of the 1 
world.  Pantropical spotted dolphins are associated with warm tropical surface water.  Pantropical spotted 2 
dolphins usually occur in deeper waters.  They are extremely gregarious, forming groups of hundreds or 3 
even thousands of individuals.  Range in the central Pacific is from the Hawaiian Islands in the north to at 4 
least the Marquesas in the south.  The pantropical spotted dolphin is primarily an oceanic species 5 
(Jefferson et al., 1993).  Pantropical spotted dolphins have been reported in coastal waters of Guam. 6 


Pantropical spotted dolphins were sighted throughout the MIRC Study Area in waters with a variable 7 
bottom depth, ranging from 374 to 18,609 ft (113 to 5,639 m).  The vast majority of the sightings (65 8 
percent; 11 of 17 sightings) were in deep waters (>10,000 ft [3,030 m]); these findings match the known 9 
preference of this species for oceanic waters.  There was only one shallow-water sighting 1.4 nm (2.5 km) 10 
north of Tinian during the humpback whale focal study, in waters with a bottom depth of 374 ft (113 m).  11 
During marine mammal monitoring for Valiant Shield 07, a group of 30 pantropical spotted dolphins was 12 
observed about 140 nm (255 km) south east of Guam.  13 


In the ETP there are two calving peaks, one in spring and one in fall.  Results from various tracking and 14 
food habit studies suggest that pantropical spotted dolphins in the ETP and off Hawaii feed primarily at 15 
night on epipelagic species and on mesopelagic species which rise towards the water’s surface after dark.  16 
Dives during the day generally are shorter and shallower than dives at night; rates of descent and ascent 17 
are higher at night than during the day.  Similar mean dive durations and depths have been obtained for 18 
tagged pantropical spotted dolphins in the ETP and off Hawaii. 19 


Pantropical spotted dolphin whistles have a dominant frequency range of 6.7 to 17.8 kHz.  Click source 20 
levels between 197 and 220 dB re 1 μPa-m (peak to peak levels), within the range of 40 to 140 kHz, have 21 
been recorded for pantropical spotted dolphins.  Data from Atlantic spotted dolphins are provided to fill in 22 
the gaps of acoustic information for pantropical spotted dolphins.  Echolocation clicks measured in wild 23 
Atlantic spotted dolphins showed bimodal ranges of 40 and 50 kHz and a high-frequency peak between 24 
110 and 130 kHz, with a source level of 210 dB re 1 μPa. 25 


There are no published hearing data for pantropical spotted dolphins.  Anatomy of the ear of the 26 
pantropical spotted dolphin has been studied; they have a Type II cochlea, like other delphinids. 27 


2.3.2.14 Pygmy killer whale (Feresa attenuata) 28 
There was only one sighting of the pygmy killer whale with a group size of six animals.  Based on this 29 
one sighting, the best estimate of abundance was 78 individuals (CV = 0.88; 95% CI = 17 to 353) and 30 
density was estimated as 0.00014 animals per mi2 (km2)  (CV = 0.88).  This species is designated as “data 31 
deficient” on the 2009 IUCN Red List. 32 


The pygmy killer whale is an oceanic species.  This species has a worldwide distribution in deep tropical 33 
and subtropical oceans.  Pygmy killer whales generally do not range north of 40°N or south of 35°S.  34 
Reported sightings suggest that this species primarily occurs in equatorial waters, at least in the ETP.  35 
Most of the records outside the tropics are associated with strong, warm western boundary currents that 36 
effectively extend tropical conditions into higher latitudes. 37 


The sighting was made near the Mariana Trench, south of Guam, where the bottom depth was 14,564 ft 38 
(4,413 m).  This is consistent with the known habitat preferences of the species for deep, oceanic waters.  39 
Pygmy killer whales have also been observed in the waters offshore of Palau. 40 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 41 
Mariana Islands have been described.  There is no information on the diving behavior of pygmy killer 42 
whales. 43 
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The pygmy killer whale produces clicks in the range of 45 to 117 kHz, with the main energy in the range 1 
of 70 to 85 kHz.  Peak to peak source levels were 197 to 223 dB re 1 μPa m.  There is no information on 2 
the hearing of pygmy killer whales. 3 


2.3.2.15 Pygmy sperm whale (Kogia breviceps) 4 
Pygmy sperm whales are designated as “data deficient” on the 2009 IUCN Red List.  There are no 5 
abundance estimates available for the Kogiidae family within the MIRC.  There was no density estimate 6 
for pygmy sperm whales available from the Mariana Islands; therefore, a density estimate of 0.0078 7 
animals per mi2 (km2)  (CV = 0.77) that was derived from the Hawaii offshore area was used (Barlow, 8 
2006). 9 


Pygmy sperm whales have a worldwide distribution in tropical and temperate waters, and generally occur 10 
in deep waters.  There is only one stranding record available for Kogia in the MIRC Study Area and 11 
vicinity.  Identification to species for this genus is difficult, particularly at sea.  There is a rare occurrence 12 
for Kogia inshore of the area of primary occurrence.  Occurrence is expected to be the same throughout 13 
the year.  During marine mammal monitoring for Valiant Shield 07, a group of three dwarf/pygmy sperm 14 
whales were observed about 8 nm (15 km) east of Guam. 15 


In the ETP there are two calving peaks, one in spring and one in fall.  Pygmy sperm whales feed on 16 
cephalopods and, less often, on deep-sea fishes and shrimps.  Kogia make dives of up to 25 minutes with 17 
median dive times of around 11 minutes.  A satellite-tagged pygmy sperm whale released off Florida was 18 
found to make long nighttime dives, presumably indicating foraging on squid in the deep scattering layer.  19 
Most sightings of Kogia are brief; these whales are often difficult to approach, and they actively avoid 20 
aircraft and vessels. 21 


Pygmy sperm whale clicks range from 60 to 200 kHz, with a dominant frequency of 120 kHz.  An 22 
auditory brainstem response study indicates that pygmy sperm whales have their best hearing between 90 23 
and 150 kHz. 24 


2.3.2.16 Risso’s dolphin (Grampus griseus) 25 
This species is designated as “least concern” on the 2009 IUCN Red List.  Essentially nothing is known 26 
of stock structure of Risso’s dolphins in the western Pacific.  Assuming that several stocks may occur 27 
there, Japanese survey data was used to estimate that about 7,000 Risso’s dolphins occur in the area to the 28 
north of the Mariana Islands.  There was no density estimate for Risso’s dolphins available from the 29 
Mariana Islands; therefore, a density estimate of 0.0010 animals per mi2 (km2)  (CV = 0.65) that was 30 
derived from the Hawaii offshore area was used for acoustic effects modeling. 31 


Risso’s dolphins are expected to occur in the Marianas area  and vicinity.  While there is a predominance 32 
of Risso’s dolphin sightings worldwide in areas with steep bottom topography, this species is also found 33 
in deeper waters.  This takes into consideration the possibility that this species, with a preference for 34 
waters with steep bottom topography, might swim into areas where deep water is close to shore.  Risso’s 35 
dolphins have been observed in shallow waters in the northeastern Pacific, including near oceanic islands.   36 
Occurrence patterns are assumed to be the same throughout the year.  37 


Risso’s dolphins occur individually or in small to moderate-sized groups, normally ranging in numbers 38 
from 2 to nearly 250.  There is no information on the breeding behavior in this area.  No breeding or 39 
calving areas for the Mariana Islands have been described.  Risso’s dolphins may remain submerged on 40 
dives for up to 30 minutes.  Cephalopods are the primary prey. 41 


Risso’s dolphin vocalizations include broadband clicks, barks, buzzes, grunts, chirps, whistles, and 42 
simultaneous whistle and burst-pulse sounds.  The combined whistle and burst pulse sound appears to be 43 
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unique to Risso’s dolphin.  Five different whistle types have been recorded, ranging in frequency from 4 1 
to 22 kHz.  Broadband clicks had a frequency range of 6 to >22 kHz.  Low-frequency narrowband grunt 2 
vocalizations had a frequency range of 0.4 to 0.8 kHz.  A recent study established empirically that Risso’s 3 
dolphins echolocate; estimated source levels were up to 216 to 225 dB re 1 μPa-m (peak to peak levels) 4 
with two prominent peaks in the range of 30 to 50 kHz and 80 to 100 kHz. 5 


The range of hearing in two Risso’s dolphins (one infant and one adult) was 1.6 to 150 kHz with 6 
maximum sensitivity occurring between 8 and 64 kHz. 7 


2.3.2.17 Rough-toothed dolphin (Steno bredanensis) 8 
There were only two sightings of the rough-toothed dolphin made during the MISTCS cruise.  There were 9 
an estimated 166 (CV = 0.89; 95% CI = 36 to 761) rough toothed dolphins in the MISTCS study area, and 10 
density was estimated as 0.0029 animals per mi2 (km2)  (CV = 0.89).  Rough-toothed dolphin group size 11 
was nine individuals.  A mixed-species aggregation involved common bottlenose dolphins with short 12 
finned pilot whales and rough-toothed dolphins.  One sighting of rough-toothed dolphin included calves. 13 


The rough-toothed dolphin is designated as “least concern” on the 2009 IUCN Red List.  There are no 14 
abundance estimates for this species in this area.  Rough-toothed-dolphins are common in tropical areas, 15 
but are not nearly as abundant as some other dolphin species.  Nothing is known about stock structure for 16 
the rough-toothed dolphin in the North Pacific. 17 


Rough-toothed dolphins are typically found in tropical and warm temperate waters, rarely ranging north 18 
of 40°N or south of 35°S.  Occurrence patterns are expected to be the same throughout the year.  Rough-19 
toothed dolphins occur in low densities throughout the ETP where surface water temperatures are 20 
generally above 77°F (25°C).  Sighting and stranding records in the eastern North Pacific Ocean are rare. 21 


There were two sightings of rough-toothed dolphins during the MISTCS survey, both in groups of nine 22 
individuals with calves present in one sighting.  As an oceanic species, the rough-tooth dolphin is 23 
expected to occur from the shelf break to seaward in this area.  There also is a low or unknown 24 
occurrence of rough-toothed dolphins in more shallow waters, based on distribution patterns for this 25 
species in other tropical locales.  In July 2004, there was a sighting of an undetermined smaller number of 26 
rough-toothed dolphins mixed in with a school of an estimated 500 to 700 melon-headed whales at 27 
Sasanhayan Bay (Rota) in waters with a bottom depth of 249 ft (75.9 m). 28 


During marine mammal monitoring for Valiant Shield 07, a group of eight rough-toothed dolphins was 29 
observed about 102 nm (188 km) east of Guam.  Rough-toothed dolphins usually form groups of 10 to 20, 30 
but aggregations of hundreds can be found.  In the ETP, they have been found in mixed groups with 31 
spotted, spinner, and bottlenose dolphins suggesting that they are deep divers, and can dive for up to 15 32 
minutes.  They usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed 33 
dolphins were sighted in deep waters, ranging from 3,343 to 14,731 ft (1,013 to 4,464 m) in bottom depth.  34 
One sighting was off the island of Guguan, while the other was at the southern edge of the MIRC Study 35 
Area. 36 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 37 
Mariana Islands have been described.  Rough-toothed dolphins are deep divers and can stay under for up 38 
to 15 minutes.  They usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-39 
toothed dolphins may stay submerged for up to 15 minutes and are known to dive as deep as 230 ft (70 40 
m), but can probably dive much deeper. 41 


The vocal repertoire of the rough-toothed dolphin includes broad-band clicks, barks, and whistles.  42 
Echolocation clicks of rough-toothed dolphins are in the frequency range of 0.1 to 200 kHz, with a peak 43 
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of about 25 kHz.  Whistles show a wide frequency range: 0.3 to >24 kHz.  There is little published 1 
information on hearing ability of this species.  Preliminary data from 2005 showed that rough-tooth 2 
dolphins hear from 5 to 80 kHz (80 kHz was the upper limit tested) and probably higher frequencies. 3 


2.3.2.18 Short-beaked common dolphin (Delphinus delphis) 4 
There are no abundance estimates for the short-beaked common dolphin within the MIRC.  This species 5 
is designated as “least concern” on the 2009 IUCN Red List.  There was no density estimate for short-6 
beaked common dolphins available from the Mariana Islands, therefore, a density estimate of 0.0021 7 
animals per mi2 (km2)  (CV = 0.28) that was derived from the ETP area was used for acoustic effects 8 
modeling. 9 


Delphinus is a widely distributed genus of cetacean.  It is found worldwide in temperate, tropical, and 10 
subtropical seas.  The range of the short-beaked common dolphin may extend entirely across the tropical 11 
and temperate North Pacific.  There is a low or unknown occurrence of the short-beaked common dolphin 12 
seaward of the Marianas area and vicinity.  Short-beaked common dolphins are thought to be more 13 
common in cool temperate waters of the North Pacific, although there are populations in cooler, 14 
upwelling modified waters of the ETP.  The absence of known areas of major upwelling in the western 15 
tropical Pacific suggests that common dolphins will not be found there, although there have been some 16 
reports of sightings of this species.  However, the species identification of these records is not confirmed, 17 
and therefore is in doubt.  Occurrence patterns are assumed to be the same throughout the year. 18 


The peak calving season occurs from spring and early summer.  There are limited direct measurements 19 
for the short-beaked common dolphin dives, but dives to > 660 ft (200 m) are possible, while most are in 20 
the range of 30 to 165 ft (9 to 50 m) based on a study of one tagged individual tracked off San Diego.  21 
Stomach contents of Delphinus from California waters revealed 19 species of fish and 2 species of 22 
cephalopods; Delphinus feeds primarily on organisms in the vertically migrating deep scattering layer.  23 
Fluctuations in vocal activity of this species (more vocal activity during late evening and early morning) 24 
appear to be linked to feeding on the deep scattering layer as it rises during the same time. 25 


Recorded Delphinus vocalizations (which are similar among species within this genus) include whistles, 26 
chirps, barks, and clicks.  Clicks and whistles have dominant frequency ranges of 23 to 67 kHz and 0.5 to 27 
18 kHz, respectively, with maximum source levels at approximately 180 dB 1 μPa-m.  Short-beaked 28 
common dolphins in the ETP have whistles with a mean frequency range of 6.3 kHz, mean maximum 29 
frequency of 13.6 kHz, and mean duration of 0.8 second. 30 


Auditory brainstem responses from a common dolphin have been recorded.  The audiogram was U-31 
shaped with a steeper high-frequency branch.  The audiogram bandwidth was up to 128 kHz at a level of 32 
100 dB above the minimum threshold.  The minimum thresholds were observed at frequencies of 60 to 70 33 
kHz. 34 


2.3.2.19 Short-finned pilot whale (Globicephala macrorhynchus) 35 
There were an estimated 909 (CV = 0.68; 95% CI = 230 to 3,590) short-finned pilot whales in the 36 
MISTCS study area, and density was estimated as 0.00159 animals per mi2 (km2)  (CV = 0.68). 37 


This species is designated as “data deficient” on the 2009 IUCN Red List.  There are no abundance 38 
estimates for the short-finned pilot whale in this area.  Stock structure of short-finned pilot whales has not 39 
been adequately studied in the North Pacific, except in Japanese waters, where two stocks have been 40 
identified based on pigmentation patterns and head shape differences of adult males.  The southern stock 41 
of short-finned pilot whales, which is probably the one associated with the Mariana Islands area, has been 42 
estimated to number about 18,700 whales in the area south of 30°N latitude. 43 
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Sightings in the vicinity of the Northern Mariana Islands were reported during February through March 1 
1994, but did not provide the actual sighting coordinates.  A group of more than 30 individuals was 2 
sighted in late April 1977 near Urunao Point, off the northwest coast of Guam.  A stranding occurred on 3 
Guam in July 1980.  4 


Expected occurrence of the short-finned pilot whale in the MIRC and vicinity is seaward of the 330 ft 5 
(100 m) isobath.  The known preference of this species globally for steep bottom topography, which is 6 
most probably related to distribution of squid, was considered.  Occurrence patterns are assumed to be the 7 
same throughout the year. 8 


Short-finned pilot whale group size ranged from 5 to 43 individuals.  A mixed-species aggregation 9 
involved bottlenose dolphins with short-finned pilot whales and rough-toothed dolphins.  No calves were 10 
seen.  Short-finned pilot whales were sighted in waters with a bottom depth, ranging from 3,041 to 14,731 11 
ft (922 to 4,464 m) in bottom depth.  Three sightings were over the West Mariana Ridge (an area of 12 
seamounts), another sighting was 7 nm (13 km) off the northeast corner of Guam, just inshore of the 13 
9,900 ft (3,000 m) isobath.  There was also an off-effort sighting of a group of 6 to 10 pilot whales near 14 
the mouth of Apra Harbor. 15 


Calving and breeding peaks occurs in the spring and summer or spring and autumn depending on the 16 
population.  Long-finned pilot whales are deep divers; the maximum dive depth measured is 17 
approximately 2,125 ft (648 m).  Pilot whales feed primarily on squid, but also take octopus, cuttlefish, 18 
herring, and other small fish when squid are not available.  Pilot whales are not generally known to prey 19 
on other marine mammals; however, records from the ETP suggest that the short-finned pilot whale does 20 
occasionally chase, attack, and may eat dolphins during fishery operations, and they have been observed 21 
harassing sperm whales in the Gulf of Mexico. 22 


Short-finned pilot whale whistles and clicks have a dominant frequency range of 2 to 14 kHz and a source 23 
level of 180 dB re 1 μPa-m for whistles.  There are no published hearing data available for this species. 24 


2.3.2.20 Spinner dolphin (Stenella longirostris) 25 
During the MISTCS there was only one sighting of spinner dolphins with a group size of 98 animals.  26 
There were an estimated 1,803 (CV = 0.96; 95% CI = 361 to 9,004) spinner dolphins in the MISTCS 27 
study area, and density was estimated as 0.00314 animals per mi2 (km2)  (CV = 0.96).  There is some 28 
anecdotal information from commercial boat operators of spinner dolphins regularly using Agat Bay, but 29 
there is no systematic survey information to estimate abundance or density.  This species is designated as 30 
“data deficient” on the 2009 IUCN Red List. 31 


The spinner dolphin is found in tropical and subtropical waters worldwide.  Limits are near 40°N and 32 
40°S.  The spinner dolphin is expected to occur throughout the entire Marianas area and vicinity, except 33 
within Apra Harbor, where there is a low or unknown occurrence for this species.  Spinner dolphins are 34 
behaviorally sensitive and avoid areas with much anthropogenic usage, which is why this species is not 35 
expected to occur in Apra Harbor.  Spinner dolphins occur regularly in Agat Bay, off Haputo Beach, and 36 
in Cocos Lagoons on Guam, where these animals congregate during the day to rest.  In the Mariana 37 
Islands, dolphins are reported in Saipan Lagoon at Saipan nearly every year, and they were observed off 38 
Saipan during the MISTCs survey in 1,406 ft (426 m) of water.  Typically, sightings are from the northern 39 
part of the lagoon, referred to as Tanapag Lagoon.  Spinner dolphins travel among the Mariana island 40 
chain.  Spinner dolphins are seen at Farallon de Medinilla, Guam, at Rota, and at Palau. 41 


Spinner dolphins at islands and atolls rest during daytime hours in shallow, wind-sheltered nearshore 42 
waters and forage over deep waters at night.  Spinner dolphins are expected to occur in shallow water 43 
(about 162 ft [49 m] or less) resting areas throughout the middle of the day, moving into deep waters 44 
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offshore during the night to feed.  Preferred resting habitat is usually more sheltered from prevailing 1 
tradewinds than adjacent areas, and the bottom substrate is generally dominated by large stretches of 2 
white sand bottom rather than the prevailing reef and rock bottom along most other parts of the coast.  3 
These clear, calm waters and light bottom substrates provide a less cryptic backdrop for predators like 4 
tiger sharks.  High-use areas at Guam include Bile Bay, Tumon Bay, Double Reef, north Agat Bay, and 5 
off Merizo (Cocos Lagoon area).  During the MISTCS cruise, spinner dolphins were sighted northeast of 6 
Saipan in waters with a bottom depth of 1,398 ft (424 m).  Beaches currently authorized for amphibious 7 
landings include Tipalao and Dadi beaches on Guam.  Both beaches are adjacent to known spinner 8 
dolphin resting habitat. 9 


There is no information on the breeding behavior in this area.  Spinner dolphins feed primarily on small 10 
mesopelagic fishes, squids, and sergestid shrimp, and they dive to at least 656 to 984 ft (109 to 164 11 
fathoms, 200 to 300 m).  Foraging can begin in the late afternoon, but takes place primarily at night when 12 
the mesopelagic prey migrates vertically towards the surface and also horizontally towards the shore. 13 


Spinner dolphins produce whistles in the range of 1 to 22.5 kHz with the dominant frequency being 6.8 to 14 
17.9 kHz, although their full range of hearing may extend down to 1 kHz or below as reported for other 15 
small odontocetes.  Spinner dolphins consistently produce whistles with frequencies as high as 16.9 to 16 
17.9 kHz, with a maximum frequency for the fundamental component at 24.9 kHz.  Clicks have a 17 
dominant frequency of 60 kHz.  The burst pulses are predominantly ultrasonic, often with little or no 18 
energy below 20 kHz.  Peak to peak source levels between 195 and 222 dB re 1 μPa-m have been 19 
recorded for spinner dolphin clicks.  Their echolocation clicks range up to at least 65 kHz.  20 


2.3.2.21 Striped dolphin (Stenella coeruleoalba) 21 
There were an estimated 3,531 (CV = 0.54; 95% CI = 1,250 to 9,977) striped dolphins in the MISTCS 22 
study area, and density was estimated as 0.00616 animals per mi2 (km2)  (CV = 0.54).  Striped dolphin 23 
group size ranged from 7 to 44 individuals and several sightings contained calves.  This species is 24 
designated as “least concern” on the 2009 IUCN Red List.  The stock structure of striped dolphins in the 25 
western Pacific is poorly known, although there is evidence for more than one stock.  A putative 26 
population south of 30°N in the western Pacific was estimated to number about 52,600 dolphins, and this 27 
is probably the group from which any striped dolphins around the Marianas would come. 28 


Striped dolphins have a cosmopolitan distribution in tropical to warm temperate waters.  Their preferred 29 
habitat seems to be deep water, particularly in areas influenced by warm currents.  This species is well 30 
documented in both the western and eastern Pacific off the coasts of Japan and North America; the 31 
northern limits are the Sea of Japan, Hokkaido, Washington state, and along roughly 40°N across the 32 
western and central Pacific. 33 


Prior to the MISTCs survey, striped dolphins were only known from one stranding that occurred in July 34 
1985.  However, several striped dolphin sightings were made in waters ranging from 8,686 to 24,981 ft 35 
(2,362 to 7,570 m) of water.  Group size ranged from 7 to 44 individuals.  None were observed south of 36 
Guam. 37 


Striped dolphins are gregarious (groups of 20 or more are common) and active at the surface.  A mean 38 
group size of 61 was noted in the ETP, and a mean group size of 50 in the Galapagos.  Striped dolphins 39 
were sighted throughout the MIRC Study Area in waters with a variable bottom depth, ranging from 40 
7,749 to 24,835 ft (2,348 to 7,526 m) in bottom depth.  There was at least one sighting over the Mariana 41 
Trench, southeast of Saipan.  There were no sightings south of Guam (approximately 13°N).  42 


Off Japan, where their biology has been best studied, there are two calving peaks: one in summer, another 43 
in winter.  Striped dolphins often feed in pelagic or benthopelagic zones along the continental slope or 44 







 


 


 


USAF MMIII ERFT Draft Biological Assessment, February 2013 
2-28 


just beyond oceanic waters.  A majority of the prey possess luminescent organs, suggesting that striped 1 
dolphins may be feeding at great depths, possibly diving to about 656 to 2,297 ft (200 to 700 m) to reach 2 
potential prey.  Striped dolphins may feed at night, in order to take advantage of the deep scattering 3 
layer’s diurnal vertical movements.  Small, mid-water fishes (in particular, myctophids or lanternfish) and 4 
squids are the dominant prey. 5 


Striped dolphin whistles range from 6 to at least 24 kHz, with dominant frequencies ranging from 8 to 6 
12.5 kHz.  The striped dolphin’s range of most sensitive hearing (defined as the frequency range with 7 
sensitivities within 10 dB of maximum sensitivity) was determined to be 29 to 123 kHz using standard 8 
psychoacoustic techniques; maximum sensitivity occurred at 64 kHz. 9 


10 
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3.0 EFFECTS OF THE ACTIONS 1 


This section examines the ways in which the MMIII ERFT flight tests may directly, indirectly, or 2 
cumulatively affect species requiring consultation that occur in the Action Area.  The potential direct and 3 
indirect effects of the MMIII ERFT flight tests on the aforementioned species and their habitats in each of 4 
the portions of the Action Area are analyzed.  Since marine species are the same or similar in all proposed 5 
impact areas, the discussion will be combined under one Action Area.  Species found in individual 6 
locations will be included as applicable. 7 


Criteria for assessing potential impacts on marine biological resources are based on the potential for loss 8 
of habitat (destruction, degradation); excessive take (accidental or intentional death, injury); harassment; 9 
increases in exposure or susceptibility to disease and predation; and decrease in breeding success.  10 
Collision with missile debris, or vessels; release of contaminants from missile constituents; sound; or 11 
human contact could potentially cause impacts.  Impacts are considered substantial if they have the 12 
potential to result in the reduction of population size of U.S. Federally listed threatened or endangered 13 
species, degradation of biologically important unique habitat, or reduction in capacity of a habitat to 14 
support species.  Potential non-acoustic effects include physical impact by falling debris, entanglement in 15 
debris, and contact with or ingestion of debris or hazardous materials. 16 


3.1 Direct and Indirect Environmental Consequences 17 


In this section, the direct and indirect environmental consequences (effects) of the MMIII ERFT flight 18 
tests are evaluated for fish, sea turtles, and cetaceans.  Four general types of potential effects on species as 19 
a result of the MMIII ERFT are discussed in the subsections below: sonic booms, direct contact and/or 20 
shock/sound waves, chemical exposure, and cleanup.  Post operation activities such as ship movement 21 
due to cleanup are not anticipated to result in adverse impacts to marine species.  Ship captains in the area 22 
are aware of the procedures for avoiding large marine species. 23 


Following the analysis of effects for each group of species, an effect determination is provided, as defined 24 
under the ESA.  The effects determinations are beneficial effect; no effect; may affect but not likely to 25 
adversely affect; or may affect and likely to adversely affect.  The effect determination depends on the 26 
likelihood of MMIII ERFT to result in a take of a species requiring consultation (individual effects) and 27 
the potential of the effect to jeopardize the continued existence of the species (population-level effects).  28 
An organism’s potential to recover from injury, takes, or effects is a function of factors such as existing 29 
health and fitness, environmental extremes, habitat conditions, and food availability.  Baseline conditions 30 
for the species evaluated in this BA are taken into account for the effects analyses. 31 


Takes are defined differently under the ESA and MMPA, but only the definition under the MMPA is 32 
relevant to cetaceans.  Take under the ESA is defined as “to harass, harm, pursue, hunt, shoot, wound, 33 
kill, trap, capture, or collect, or to attempt to engage in any such conduct.”  Every individual of a species 34 
listed under the ESA is a protected entity, and any take of an individual would be considered an impact.  35 
For those species or populations that are ESA-listed, the evaluation of effects focuses on the individual.  36 
Of the species analyzed in this BA, all species of sea turtles and seven cetacean species are ESA listed. 37 


Taking of cetaceans under the MMPA is defined as “to harass, hunt, capture, collect, or kill, or attempt to 38 
harass, hunt, capture, collect, or kill any marine mammal.”  The MMPA applies to all the cetaceans 39 
analyzed in this BA and prohibits any person or vessel from taking marine mammals in the United States 40 
or the high seas without authorization.  The 1994 amendments to the MMPA establish two types of 41 
takings or harassment, one that involves injury (Level A) and another that involves direct or indirect 42 
disturbance (Level B).  This analysis addresses takes as Level A or Level B for MMPA species.  Level A 43 
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harassment is “any act that injures or has the significant potential to injure a marine mammal or marine 1 
mammal stock in the wild,” and Level B harassment is “any act that disturbs or is likely to disturb a 2 
marine mammal or marine mammal stock in the wild by causing disruption of natural behavioral 3 
patterns,” as defined under the MMPA.  NMFS considers Level B harassment to occur when a marine 4 
mammal has a “significant behavioral response in a biologically important behavior or activity.”  5 


Additionally, in 2004, the definition of harassment was redefined under the National Defense 6 
Authorization Act for Fiscal Year 2004 (U.S. Government Printing Office, 2004).  In the case of a 7 
military readiness activity or a scientific research activity conducted by or on behalf of the Federal 8 
Government the harassment means either one of the following: 9 


• Any act that injures or has the significant potential to injure a marine mammal or marine mammal 10 
stock in the wild; or  11 


• Any act that disturbs or is likely to disturb a marine mammal or marine mammal stock in the wild 12 
by causing disruption of natural behavioral patterns, including, but not limited to, migration, 13 
surfacing, nursing, breeding, feeding, or sheltering, to a point where such behavioral patterns are 14 
abandoned or significantly altered (Department of Defense, 2003).  15 


 16 
Military readiness activity is defined as all training and operations of the Armed Forces that relate to 17 
combat, and the adequate and realistic testing of military equipment, vehicles, weapons, and sensors for 18 
proper operation and suitability for combat use (Section 315[f] of Public Law 107-314).  The Proposed 19 
Action would constitute a military readiness activity under this definition. 20 


3.2 Vandenberg Air Force Base 21 


According to the 2004 MMIII Modification EA (USAF, 2004), some disturbances to marine mammals 22 
and migratory birds at Vandenberg AFB from missile launches and helicopter overflights are expected.  23 
However, a NMFS incidental “take” permit is in place that authorizes incidental harassment of pinnipeds. 24 


An updated USAF MMIII Modification BA was finalized in 2012 (Tetra Tech, 2012).  It addresses impacts 25 
to booster drop zones for a MMIII test missile launched from Vandenberg AFB toward USAKA/RTS.  26 
The BA describes the launch preparation at Vandenberg AFB to provide appropriate context, but 27 
Vandenberg AFB is not included in the Action Area since it has already been addressed in prior 28 
documents. 29 


The BA also determined that the likelihood of debris hitting a sea turtle or marine mammal is considered 30 
discountable, and there is no reasonable expectation that this would occur.  The MMIII flight tests may 31 
affect but are not likely to adversely affect fish (scalloped hammerhead shark), cetaceans, and sea turtles; 32 
generally, because the MMIII flight tests would occur infrequently (up to four times per year) and would 33 
affect a relatively small area. 34 


3.3 Over-Ocean Flight Corridor 35 


The probability for a launch mishap during a MMIII ERFT flight test is very low.  However, an early 36 
flight termination or mishap would cause missile debris to impact along the flight corridor.  In most cases, 37 
the errant missile would be moving at such a high velocity that resulting missile debris would strike the 38 
water further downrange.  In the unlikely event of an early termination of flight, the missile would fall to 39 
the ocean intact or as debris scattered over a large area.  It is expected that the falling missile and its 40 
debris would not have a significant impact on biological resources because of the large expanse of the 41 
ocean area and the very low probability of striking a marine mammal or sea turtle.  Sensitive marine 42 
species are widely scattered, and the probability of debris from a non-nominal flight striking a threatened 43 
or endangered species is considered remote. 44 
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Initiating flight termination after launch would split the solid propellant motor casing, releasing pressure 1 
and stopping the booster’s forward thrust, causing the launch vehicle to reenter ballistically along a 2 
descending trajectory into the ocean.  Pieces of unburned propellant, which is composed of ammonium 3 
perchlorate, aluminum, and other materials, could be dispersed over an ocean area of up to several square 4 
miles (square kilometers).  Ammonium perchlorate could leach out of the solid propellant resin binding-5 
agent once the propellant enters the water.  However, it is unlikely perchlorate concentrations would 6 
accumulate to a level of concern.  The overall concentration and toxicity of dissolved solid propellant 7 
from the unexpended rocket motors, or portions of them, is expected to be negligible and without any 8 
substantial effect.  Any pieces of propellant expelled from a destroyed or exploded rocket motor would 9 
sink hundreds or thousands of feet to the ocean floor.  At such depths, the material would be beyond the 10 
reach of most marine life. 11 


The liquid propellants (CH6N2 and N2O4) contained in the PSRE also could be released in the ocean 12 
waters on impact, assuming they have not been used up by propulsion or vaporized during the destruct 13 
action.  Wave actions and ocean currents would quickly mix and dilute the liquid propellants, in addition 14 
to them being buffered or oxidized in the seawater, thus eliminating potentially toxic concentrations.  15 
Should the sealed propellant assemblies within the PSRE survive ocean impact intact, they would sink to 16 
great depths and settle on the ocean floor.  There, they could potentially leak propellants into the water 17 
over time.  As with the solid propellants, the liquid propellants would be beyond the reach of most marine 18 
life.  Though it is possible for deep ocean, benthic species to be adversely affected by any remaining 19 
contaminants, such impacts would be very localized, occurring within a short distance of missile 20 
component debris deposited on the ocean floor. 21 


In summary, MMIII ERFT flight tests would have no discernible effect on the overall physical and 22 
chemical properties of the ocean within the Action Area, and thus should have no impacts on the overall 23 
marine biology of the Action Area.  Missile flight tests would result in minimal risk of hitting or 24 
otherwise harassing marine mammals or sea turtles.  Moreover, such tests would have no discernible 25 
effect on the biological diversity of either the pelagic or benthic marine environment.  Consequently, no 26 
significant impacts to biological resources in the ocean beneath the over-ocean flight corridor would be 27 
anticipated. 28 


3.4 Broad Ocean Area 29 


When the spent rocket motors impact in the ocean, no solid propellant would remain.  The residual 30 
aluminum oxide and burnt hydrocarbon coating the inside of the motor casings would not present toxicity 31 
concerns.  Though the batteries carried onboard the rocket motors would be spent (discharged) by the 32 
time they impact in the ocean, they would still contain small quantities of electrolyte material.  These 33 
materials, along with residual amounts of strontium perchlorate contained in the 3rd-stage motors, may 34 
mix with the seawater. 35 


The National Aeronautics and Space Administration (NASA) conducted a thorough evaluation of the 36 
effects of rocket systems deposited in seawater.  The evaluation concluded the release of hazardous 37 
materials, carried onboard launch vehicles, would not be significant (USAF, 2004).  Hazardous materials 38 
would be diluted rapidly in the seawater and, except for the immediate vicinity of the debris, would not be 39 
found at concentrations identified as producing adverse effects (USN, 1998). 40 


Ocean depths in the Action Area reach thousands of feet (meters) and, consequently, impacts from 41 
hazardous materials are expected to be minimal.  The area affected by the dissolution of hazardous 42 
materials onboard would be relatively small because of the size of the rocket components and the minor 43 
amount of residual materials they would contain.  Such components would immediately sink to the ocean 44 
bottom, out of reach of marine mammals, sea turtles, and most other marine life.  Though it is possible for 45 
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deep ocean, benthic species to be adversely affected by any remaining contaminants, such impacts would 1 
be very localized, occurring within a short distance of missile component debris deposited on the ocean 2 
floor.  Consequently, no significant impacts to biological resources are expected from the residual 3 
hazardous materials in seawater. 4 


The proposed MMIII ERFT would not have a discernible or measurable impact on benthic or planktonic 5 
organisms, because of their abundance, their wide distribution, and the protective influence of the mass of 6 
the Pacific Ocean around them.  However, the potential exists for impacts to larger vertebrates in the 7 
proposed impact areas, particularly marine mammals and sea turtles that must come to the surface to 8 
breathe.  Potential impacts on these species have been considered in this analysis and include the effects 9 
of acoustic effects produced by rapid descent to impact (sonic booms), and non-acoustic effects 10 
(splashdown of missile stages and release of propellants or other hazardous materials into the water).  11 
Potential acoustic effects include behavioral disturbances and temporary or permanent hearing 12 
impairment.  Potential non-acoustic effects include physical impact by falling debris, and contact with or 13 
ingestion of debris or hazardous materials, particularly unexpended fuels.  The resulting impact of a large, 14 
fast-moving object, such as the spent casing of a rocket motor, could cause either type of effect (USAF, 15 
2004).  The MMIII ERFT may affect, but is not likely to adversely affect, fish (scalloped hammerhead 16 
shark), sea turtles, or marine mammals since the flight tests would occur infrequently (up to two times 17 
through 2014), would affect a relatively small area, and the species in question occur in low densities and 18 
are widely distributed in the Action Areas; therefore, the likelihood of adverse effects is discountable. 19 


3.4.1 Fish 20 
Most missile tests pose little risk to fish such as the scalloped hammerhead shark unless the fish happen to 21 
be near the surface at the point of impact.  Permanent, adverse impacts on EFH components are not 22 
anticipated since missile flight test operations are conducted to avoid potential impacts.  There are 23 
unavoidable impacts associated with operations that may result in temporary and localized impacts caused 24 
by debris.  The impact of missile components on the ocean surface could cause fish mortalities.  If a part 25 
of the RV or other components were to strike a scalloped hammerhead near the water surface, the animal 26 
would most likely be killed.  However, direct contact or splashdown of MMIII components in the BOAs 27 
may affect, but is not likely to adversely affect, scalloped hammerheads since only two extended range 28 
MMIII ERFT missions are planned through 2014 and the population of the shark is expected to be low 29 
and widely distributed.  Therefore, the proposed activites may affect, but are not likely to adversely affect, 30 
scalloped hammerhead shark populations in the area.  The overall effects from the proposed flight tests 31 
would produce no significant harm to the quality and/or quantity of other area fish stocks, nor would EFH 32 
be adversely affected. 33 


3.4.2 Sea Turtles 34 
Although sea turtles may be present in any of the BOAs of the proposed impact areas, there are no 35 
topographic features, such as seamounts, in these areas that would induce concentrations of sea turtles.  36 
Individual pieces of debris from the proposed missile tests would be dispersed over a large area.  While a 37 
direct hit from a piece of debris would affect a sea turtle at the surface, it is extremely unlikely that this 38 
would ever occur.  As data collection instruments are deployed, LLNL personnel will observe the impact 39 
and surrounding area to the best of their ability for indications of sea turtle presence.  If such indications 40 
exist or sea turtle individuals are observed to persist in the impact or surrounding area, the presence will 41 
be reported by LLNL personnel to AFGSC personnel, who will determine the potential for holding launch 42 
activities to allow the animals to pass through the area of concern.  Based on conservative estimates of sea 43 
turtle densities coupled with conservative estimates of hearing, it was determined only a negligible 44 
number of sea turtles (i.e., less than 0.0003) might be affected acoustically or non-acoustically by 45 
proposed extended range flight testing.  Therefore the proposed activities may affect, but are not likely to 46 
adversely affect, sea turtles in the Action Area. 47 
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3.4.3 Marine Mammals 1 
Debris and booster drops in the impact areas are not expected to adversely affect protected marine 2 
mammal species.  The probability is low for migratory whales to be within the BOA and only two 3 
extended range MMIII ERFT missions are planned through 2014.  These sensitive marine species also are 4 
widely scattered, and the probability of an individual marine mammal being struck by debris is considered 5 
remote.  As data collection instruments are deployed, LLNL personnel will observe the impact and 6 
surrounding area to the best of their ability for indications of marine mammal presence.  If such 7 
indications exist or marine mammal individuals are observed to persist in the impact or surrounding area, 8 
the presence will be reported by LLNL personnel to AFGSC personnel, who will determine the potential 9 
for holding launch activities to allow the animals to pass through the area of concern.  Of particular 10 
concern is the potential for impacts to marine mammals from acoustic effects.  Potential acoustic effects 11 
include behavioral disturbance (including displacement), acoustic masking (elevated noise levels that 12 
drown out other noise sources), and temporary or permanent hearing impairment (from very strong 13 
sounds). 14 


In general, marine mammal populations consist of hundreds or thousands of individuals from different 15 
species, ranging across a large geographical area.  In this context, the loss of several or even dozens of 16 
individuals due to various threats in their environment, including from anthropogenic sources, may not 17 
constitute a population-level effect in some cases.  Such anthropogenic factors are shipping and military 18 
noise, hunting pressure, pollution and oil spills, habitat loss and degradation, ship strikes, recreational and 19 
commercial fishing, oil and gas development and production, and seismic exploration.  The probabilities 20 
for marine mammals to experience unavoidable injury or death as a result of MMIII ERFT in the Action 21 
Area are exceptionally low.  Relative to the numbers of animals that are taken or even killed each year 22 
from anthropogenic factors, impacts due to the stress of disturbance from USAF activities would be 23 
discountable on a population level.  Therefore, physical or acoustic impacts from USAF actions may 24 
affect, but are not likely to adversely affect, cetaceans. 25 


3.5 Sonic Boom Overpressures 26 


As each test RV descends, sonic booms are initially generated over a very broad area of the open ocean to 27 
the northeast and continue in a southwesterly direction towards the designated target area, where the sonic 28 
boom footprint narrows to just a few miles on either side of the flight path (Figure 3-1).  At the ocean 29 
surface, the in-air sound pressure levels for the sonic booms vary from 91 dB at the eastern-most range 30 
and increase to 150 dB at the western-most range, close to the point of impact.  Equivalent underwater 31 
overpressure levels range from 117 to 176 dB (re 1 µPa).  The sonic boom footprint would occur entirely 32 
over open ocean and within the areas covered by the Notices to Airmen and Notices to Mariners.  The 33 
duration for sonic boom overpressures produced by the RVs ranges from 40 milliseconds where the boom 34 
is strongest to 124 milliseconds where it is weakest (Moody, 2004b). 35 


An earlier noise study of MMIII flight tests from Vandenberg AFB modeled the sonic boom levels 36 
generated downrange (Tooley et al., 2004).  The modeling results showed the surface footprint of the 37 
sonic boom can extend outward several miles on each side of the flight path, but it quickly dissipates with 38 
increasing distance downrange.  At the ocean surface, peak overpressures were estimated to be in the 138 39 
to 149 dB range in air, based on typical atmospheric wind conditions.  Such overpressures are equivalent 40 
to between 164 to 175 dB (re 1 µPa) in water at the air-to-water interface.  The duration of these acoustic 41 
events is less than 250 milliseconds, or a quarter of a second. 42 


The propagation of sonic booms underwater can affect the behavior and hearing sensitivity in marine 43 
mammals (primarily cetaceans) and sea turtles.  Loud enough sounds can cause cetaceans to quickly 44 
react, altering their normal behavior.  Most observations of behavioral responses of cetaceans to 45 
anthropogenic sounds have been limited to short-term responses, including disturbance to feeding, 46 
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resting, or social interactions.  Higher sound levels can result in some level of hearing loss.  Depending on 1 
the level of exposure, either TTS or PTS may occur.  A TTS can temporarily impair an animal’s ability to 2 
communicate, navigate, forage, and detect predators; a PTS can permanently impair the animal.  The 3 
onset of hearing threshold shift in marine mammals and sea turtles depends on the total exposure to sound 4 
energy, a function of sound pressure level, and the duration of exposure.  As a sound gets louder, the 5 
duration required to induce TTS gets shorter.  Exposure to sound in excess of that required to cause TTS 6 
may result in a PTS. 7 


   8 


Figure 3-1  Representative Sonic Boom Footprints for RV Impacts 9 
in the BOAs 10 


 11 
Sea turtle auditory sensitivity is not well studied.  Research suggests the animals are less sensitive to the 12 
auditory effects of impulsive sounds than marine mammals (Ridgway et al., 1969; U.S. Navy [USN], 13 
2008a, 2008b).  Application of the cetacean thresholds for TTS and PTS therefore is likely to be 14 
particularly conservative for sea turtles (Mobley, et al., 1994; 1995; 2000). 15 


For this analysis, acoustical thresholds for the onset of TTS and PTS in marine mammals and sea turtles 16 
are based on prior studies conducted by the USN for underwater detonations and ship-shock trials (USN, 17 
2008a, 2008b).  The underwater peak pressure thresholds are 224 dB (re 1 µPa) for the onset of TTS and 18 
230 dB (re 1 µPa) for the onset of PTS.  Thus, for the MMIII ERFT flight tests a maximum sonic boom 19 
underwater peak pressure of 175 dB (re 1 µPa) would not induce TTS or PTS in marine mammals or sea 20 


Derived from Tooley et al., 2004 
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turtles in the open ocean.  Therefore, no significant impacts would occur to marine mammals or sea 1 
turtles from sonic boom overpressures resulting from MMIII ERFT test flights. 2 


Although it may be possible for such underwater sound levels to cause slight changes in animal behavior, 3 
the affects are expected to be brief.  The RV sonic booms would have minimal impacts on marine 4 
mammals and sea turtles because:  (1) underwater sound levels would not exceed thresholds for TTS (224 5 
dB [re 1 µPa]) or PTS (230 dB [re 1 µPa]); (2) the higher-level overpressures would generate minimal in-6 
water footprints and be very short in duration; and (3) marine mammal and sea turtle species are expected 7 
to have low and patchy densities.  Notably, since the RV approaches and impacts are within the BOA, 8 
there would be no effects on terrestrial species and/or migratory birds. 9 


3.6 Direct Contact and Shock/Sound Wave from the Impact of Missile Components 10 


As shown in Figures 1-2 and 1-4, the impact area for the third stage spent rocket motors is approximately 11 
125 to 320 nm (232 to 593 km) southeast of Guam, within its EEZ or that of Micronesia.  During the 12 
descent of the spent motors, each motor would hit the ocean surface at speeds of approximately 195 to 13 
230 ft per second (59 to 70 m per second) (USAF, 2006b).  The expended motors would have 14 
considerable kinetic force (USAF, 2004).  Upon impact, this transfer of energy to the ocean water would 15 
cause a shock wave (low-frequency acoustic pulse) similar to that produced by explosives.  Studies for 16 
MMIII flight tests have shown underwater noise pulse levels would be on the order of 188 to 190 dB (re 1 17 
μPa) at a range of 164 ft (50 m) from the motor impact point (Tooley et al., 2004). 18 


If a portion of the missile were to strike a protected marine mammal or sea turtle near the water surface, 19 
the animal most likely would be killed.  In addition, the resulting underwater shock/sound wave radiating 20 
out from the impact point could potentially harm other animals.  Close to the impact point, the 21 
shock/sound wave might cause PTS, injure internal organs and tissues, or prove fatal to the animals.  22 
Slightly further away, TTS effects might occur, but with increasing distance away from the impact point, 23 
pressure levels would decrease, as would the risk for injury.  Figure 3-2 illustrates the relative distances 24 
for these shock/sound wave effects on animals. 25 


 26 
Research shows an underwater sound level of approximately 240 dB (re 1 µPa) is the baseline criterion 27 
for defining unavoidable injury or death in marine mammals (Ketten, 1998).  Such effects would occur 28 
within a very short distance to each rocket motor impact point.  For TTS and PTS effects on marine 29 
mammals and sea turtles, this SEA used a dual-exposure criteria approach based on prior studies 30 
conducted by the USN for underwater detonations and ship-shock trials (USN, 2008a, 2008b).  The 31 


Onset of PTS 
Onset of TTS 
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criteria use both peak pressure levels in dB (re 1 μPa) and energy flux density values, which are a 1 
measure of the sound energy flow per unit area expressed in dB (re 1 μPa2-s) for underwater sound.  2 
Table 3-1 presents the estimated radial distances for the onset of TTS and PTS for the motor based on the 3 
USN criteria.  Energy flux density criteria result in much larger radial distances, when compared to peak 4 
pressure criteria.  The outermost distance at which TTS would occur is estimated to be 56 ft (17 m) from 5 
the impact point of the third stage motor.  Although not shown in table, radial distances for the smaller 6 
and lighter MMIII missile shroud and the six TT port assemblies would be substantially less than that of 7 
the rocket motors.8 
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 1 


Table 3-1  Estimated Underwater Radial Distances for the Onset of TTS and PTS in Marine 2 
Mammals and Sea Turtles from Minuteman III Third Stage Motor Impacts in the Ocean 3 


Potential Effect Criterion Criterion Source 
Radial Distance from  


Impact Point  
ft (m) 


Unavoidable Injury or 
Death 240 dB (re 1 μPa) Ketten, 1998 <1 (<1) 


PTS 


230 dB (re 1 μPa) peak 
pressure USN, 2008b 1 (<1) 


205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 4 (1) 


TTS 


224 dB (re 1 μPa) 1 peak 
pressure USN, 2008a, 2008b 3 (1) 


182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 56 (17) 


1 A peak pressure of 224 dB (re 1 μPa) is equivalent to 23 psi. 


Within the Action Area, population estimates and migratory routes for most of the marine mammal 4 
species in the impact areas are not available.  Thus, calculating probabilities for impacts based on animal 5 
densities is considerably difficult.  However, when applying relatively conservative data from surveys 6 
conducted elsewhere around the Hawaiian Island Pacific Region, the probability for a rocket motor 7 
striking cetaceans in the open ocean is 5.4 x 10-5 or less per splashdown event, and lower for sea turtles 8 
(Mobley, 1994; 1995; 2000).  Animal densities in the BOAs of the Action Area are expected to be lower.  9 
Considering individual rocket motor splashdown points are spread hundreds and thousands of miles apart, 10 
and each impact point would affect a relatively small area, the splashdown of MMIII missile components 11 
in the over-ocean flight corridor is not expected to have a significant impact on marine mammals or sea 12 
turtles. 13 


An RV impacting in the ocean would result in underwater shock/sound waves comparable to the 14 
splashdown of the MMIII rocket motors described earlier, but with much greater force because of the 15 
hypersonic velocity at the time of impact.  The resulting underwater waveform in either case would last 16 
about 10 to 30 milliseconds (Moody, 2004a; Tooley et al., 2004). 17 


As the shock/sound wave radiates away from the impact point, sound levels would decrease, as would the 18 
risk for injury or auditory effects (Figure 3-1).  Using the dual-exposure criteria (peak pressure and 19 
energy flux density) approach described earlier, Table 3-2 presents the estimated radial distances for the 20 
onset of TTS and PTS from the RV point of ocean impact.  As Table 3-2 shows, the energy flux density 21 
criteria result in larger radial distances for the onset of PTS and TTS, when compared to the peak pressure 22 
criteria results.  The outermost distance at which TTS would occur is estimated to be 1,360 ft (415 m) 23 
from the RV impact point.  Notably, the RVs for the tests would not contain high explosives. 24 


Population estimates for marine mammal species are not available for the Action Area.  When applying 25 
relatively conservative data from surveys conducted around the Mariana Islands region, the probability 26 
for an RV underwater shock/sound wave to induce PTS in cetaceans in the ocean is less than 5.40 x 10-5 27 
per impact event.  For TTS, the probability increases to approximately 5.18 x 10-4 for two RV impact 28 
events.  Probabilities inducing PTS and TTS in sea turtles would be considerably less.  Animal densities 29 
in the target impact areas are expected to be lower than in the surveyed areas. 30 
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Table 3-2  Estimated Underwater Radial Distances for Unavoidable Injury or Death, Onset of TTS 1 
and PTS in Marine Mammals and Sea Turtles from RV Ocean Impacts 2 


Potential Effect Criterion Criterion Source 
Radial Distance from 


Impact Point 
ft (m) 1 


Unavoidable Injury or Death 240 dB (re 1 μPa) Ketten, 1998 10 (3) 


 
 
PTS 


230 dB (re 1 μPa) 
peak pressure 


USN, 2008b 31 (10) 


205 dB (re 1 μPa2-s) 
energy flux density 


USN, 2008a 96 (29) 


 
 
TTS 


224 dB (re 1 μPa) 
peak pressure 


USN, 2008a, 2008b 62 (19) 


182 dB (re 1 μPa2-s) 
energy flux density 


USN, 2008a 1,360 (415) 


 1 Derived from U.S. Air Force, 2004 


 3 
Thus, the resulting acoustic effects from shock/sound waves may affect, but are not likely to adversely 4 
affect protected marine mammals and sea turtles because:  (1) only one RV impact would occur within 5 
each target area, (2) cetaceans and sea turtles are expected to occur at low densities and in patchy 6 
distributions within the region, (3) it is unlikely animals would be located within the small radial impact 7 
area; and (4) the implementation of pre-test visual and sensor sweeps surveys of the designated target 8 
areas. 9 


For both flight tests, the RVs impact approximately 80 nm (148 km) offshore of the closest island in 10 
Palau or within international waters into deep ocean waters where depths range between 10,000 to 16,600 11 
ft (3,048 to 5,060 m).  No craters would form on the ocean bottom, and there would be no ground-borne 12 
vibrations from the RV impacts.  There would be no effects to mollusks, sponges, and hard corals from 13 
the RV impact.14 
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4.0 CUMULATIVE EFFECTS AND MITIGATIONS 1 


4.1 Cumulative Effects  2 


Cumulative effects are considered to be those resulting from the incremental effects of an action when 3 
considering past, present, and reasonably foreseeable future actions, regardless of the agencies or parties 4 
involved.  In other words, cumulative effects can result from individually minor, but collectively 5 
potentially significant, impacts occurring over the duration of the Proposed Action and within the same 6 
geographical area. 7 


The following sections describe the potential for cumulative impacts to occur at or near Vandenberg AFB 8 
or Guam or within the BOAs along the the flight corridor, the EEZs of Guam, the FSM, and the ROP, and 9 
within the global environment as a result of the ongoing MMIII ERFT flight tests. 10 


4.1.1 Vandenberg Air Force Base 11 
Vandenberg AFB is the only facility in the United States from which unmanned Government and 12 
commercial satellites can be launched into polar orbit, and where land-based ICBMs can be launched to 13 
verify weapon system performance.  As the headquarters of the 30th Space Wing, Vandenberg launches a 14 
number of ballistic missiles and space-lift vehicles.  In addition to the two planned MMII ERFT flights, 15 
two more MMIII launches that year are expected from Vandenberg AFB.  These are analyzed in the 16 
MMIII SEA [in progress], with a Finding of No Significant Impact to any of the evaluated resources.  No 17 
cumulative impacts are anticipated from the two MMIII ERFT launches substituted for two of the four 18 
launches per year nominally launched to the Kwajalein vicinity. 19 


4.1.2 Guam 20 
The activities at Guam associated with the MMIII ERFT flights are very limited in nature.  21 
Shipping/receiving, loading, and unloading are actions that occur routinely in warehouses and ports, and 22 
the addition of two MMIII ERFT flight tests would not substantially increase those activities.  By 23 
following appropriate health and safety procedures, and by implementing regulatory requirements for 24 
management of hazardous materials and wastes, no cumulative impacts would occur at Guam from the 25 
MMIII ERFT flights. 26 


4.1.3 Over-Ocean Flight Corridor and the Global Environment 27 
Flight termination during a MMIII ERFT test is unlikely and impacts to biological resources from flight 28 
termination are of a very low probability.  Although other MMIII flights would occur, their flight paths 29 
would not be the same as the ERFT flights, and the combined emissions would not be consequential.  30 
However, any emission of ozone-depleting gases represents a minute increase that could have incremental 31 
effects on the global atmosphere.  No other missile flights are expected through these same flight 32 
corridors.  Therefore, no cumulative impacts are anticipated. 33 


4.1.4 Proposed Impacts Sites – Broad Ocean Areas 34 
For the BOAs of Guam, Micronesia, Palau, and international waters, the two proposed MMIII ERFT 35 
missile component drop zones and RV target sites are the only occurrences within the Action Area.  With 36 
no other planned missile test flights to this area, no cumulative impacts are expected from the Proposed 37 
Action. 38 
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4.2 Summary of Environmental Management and Monitoring Actions 1 


Throughout this BA, various environmental management controls and monitoring systems are described.  2 
Required by Federal, state, DoD, and agency-specific environmental and safety regulations, these 3 
measures are implemented through normal operating procedures. 4 


Although no significant impacts are expected to result from the MMIII ERFT flight tests and 5 
implementation of the Proposed Action, some specific environmental management and monitoring 6 
actions have been identified to minimize the level of impacts that might occur.  The actions applicable to 7 
the BOA Action Areas are summarized below. 8 


4.2.1 Over-Ocean Flight Corridor 9 
1. Range safety policy requirements are implemented for ballistic and space vehicle operations and 10 


are defined in Eastern and Western Range 127-1 (Range Safety Requirements).  The Air Force 11 
Space Command (AFSPC) Manual 91-710 (Range Safety User Requirements) establishes range 12 
safety policy and defines requirements and procedures for ballistic and space vehicle operations 13 
at Vandenberg AFB. 14 


2. Over-ocean launches must comply with DoD Instruction 4540.01 (Use of International Airspace 15 
by U.S. Military Aircraft and for Missile/Projectile Firings).  Air Force Policy Directive 91-2 16 
(Safety Programs) establishes the key USAF safety. 17 


3. The 30 Space Wing (SW) Safety Office and contractors conduct a comprehensive safety analysis 18 
prior to each launch to determine specific missile launch and flight hazards to ensure populated 19 
areas, critical range assets, and civilian property susceptible to damage are outside predicted 20 
impact/debris limits. 21 


4. Notices to Airmen and Notices to Mariners are published and circulated by 30 SW/Reagan Test 22 
Site (RTS) in accordance with 30 SW Instruction  91-104 (Operations Hazard Notice) to warn 23 
personnel to avoid hazard areas within international airspace and waters. 24 


5. Flight corridors are designed to avoid inhabited areas; should a MMIII missile head off course or 25 
other problems occur during flight, the Missile Flight Control Officer would activate the destruct 26 
package on the missile. 27 


4.2.2 Proposed Impacts Areas - BOAs 28 
1. As data collection instruments are deployed, LLNL personnel will observe the impact and 29 


surrounding area to the best of their ability for indications of sea turtle or marine mammal 30 
presence.  If such indications exist or sea turtle or marine mammal individuals are observed to 31 
persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 32 
AFGSC personnel, who will determine the potential for holding launch activities to allow the 33 
animals to pass through the area of concern. 34 


2. During ocean travel to and from impact and test support areas, ship personnel would monitor for 35 
marine mammals and sea turtles to avoid potential ship strikes. Vessel operators would also 36 
adjust their speed based on expected animal densities, and on lighting and turbidity conditions. 37 


3. To minimize long-term risks to marine life, all visible project-related debris would be recovered 7 38 
during post-test operations, including debris in ocean waters by range divers. In all cases, 39 
recovery and cleanup would be conducted in a manner to minimize further impacts on biological 40 
resources. 41 


4. Post-test overflights of the impact area would be conducted to survey for dead or injured 42 
cetaceans and sea turtles. Although unlikely, any dead or injured marine mammals or sea turtles 43 
sighted would be reported to the USAF, who would then inform NMFS and USFWS. Pilots 44 
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otherwise flying in the vicinity of the impact and test support areas would also report any 1 
opportunistic sightings of dead or injured marine mammals or sea turtles. 2 


5. During post-test recovery and cleanup, should personnel observe endangered, threatened, or other 3 
species requiring consultation moving into the area, work would be delayed until such species 4 
were out of harm’s way or leave the area. 5 


6. To minimize impacts during post-test operations, USFWS and NMFS would provide guidance 6 
and/or assistance during recovery and cleanup. In all cases, recovery and cleanup operations 7 
would be conducted in a manner to minimize further harm to biological resources. 8 


7. Proper procedures and all regulations governing marine biological resources would be followed, 9 
(e.g. US ESA, US MMPA). 10 
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5.0 CONCLUSION AND DETERMINATION OF EFFECT 1 


The potential for MMIII extended range flight tests to affect species requiring consultation in the Action 2 
Area is summarized in Table 5-1 and the subsections above.  Refer to Sections 3.0 and 4.0 for the full 3 
supporting analysis for these effect determinations. 4 


Table 5-1  Summary of Effects of MMIII Flight Tests on Species Requiring Consultation 5 


Portion of Action 
Area Category of Effect Cetaceans Sea Turtles Fish Sponges, Corals, 


and Mollusks 


BOA 


Sonic booms  ◊ ◊ ◊ ○ 


Direct contact and/or 
shock/sound waves  


◊ ◊ ◊ ○ 


Chemical exposure ◊ ◊ ◊ ○ 


Post-test operations ○ ○ ○ ○ 


Key: 6 
No effect ○ 
May affect, but not likely to adversely affect ◊ 
Likely to adversely affect ■ 


 7 


As shown in Table 5-1, some aspects of the MMIII ERFT would have no effect or may affect, but are not 8 
likely to adversely affect, species requiring consultation in the Action Area.  Since sponges, coral, and 9 
mollusks are not found in the BOA away from coastlines, no effects are anticipated.  10 


Individual rocket motor splashdown points are spread hundreds and thousands of miles apart, each impact 11 
point would affect a relatively small area, and only two extended range MMIII Force Development 12 
Evaluation missions are planned through 2014.  Thus the splashdown of MMIII ERFT components in the 13 
BOAmay affect, but is not likely to adversely affect, listed fish, sea turtles, or marine mammals. 14 


As stated above, the acoustic effects resulting from shock/sound waves may affect, but are not likely to 15 
adversely affect protected marine mammals and sea turtles because:  (1) only two RV impacts would 16 
occur within the target areas, (2) cetaceans and sea turtles are expected to occur at low densities and in 17 
patchy distributions within the region, (3) it is unlikely animals would be located within the small radial 18 
impact area at the time of impact; and (4) the implementation of pre-test visual and sensor sweeps surveys 19 
of the designated target area(s). 20 


The determination of effect and the basis of these determinations are presented in the sections above. 21 


22 
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APPENDIX A 
ANALYSIS OF THE PHYSICAL EFFECTS OF THE RV IMPACTS 


 
 


(The following analysis was prepared by Tetra Tech as part of their 2012 United States Air Force 
Minuteman III Modification Biological Assessment) 
 
 
INTRODUCTION 


This technical appendix outlines the potential physical effects from an RV impact.  It specifically 
addresses cratering and ground borne vibrations at and around the impact site. 


CRATERING  
The following equation was used to estimate the crater diameter for both the land and water 
impacts.  (Holsapple and Schmid, 1982; Schmidt and Housen, 1987; and Gault, 1974; Collins 
G.S., Melosh H.J., and Marcus R.A., 2005):  


   (equation 1)  


 
 Where: D = diameter of the crater in meters (m)  


  ρi = density of RV in kilograms (kg/m3) 
  ρt = density of soil in kg/m3 


  L = effective diameter of the RV in m 
   Vi = impact velocity at the surface in m/s 
    ge = Earth’s surface gravity (in m/second [s]2) 
  θ = angle of impact 


     
This relationship is normally applied to very ridged projectiles (i.e., meteorites) and unlike the RV 
the physical parameters of the projectiles are assumed not to change rapidly on impact.  Therefore, 
the model was calibrated based on historical field data where craters from RV land impacts have 
been documented to be 20-30 feet in diameter and 7-10 feet deep (LLNL, 2006). 


Land Impact.  The upper bound mission parameters (i.e., maximum RV mass and velocity) 
yielded a maximum crater diameter of 32 feet and a depth of 12 feet for a land impact.  This 
analysis represents a reasonable upper bound of effects and shows slightly greater crater 
dimensions than field data where craters from RV impacts have been documented to be 20-30 feet 
in diameter and 7-10 feet deep (LLNL, 2006).  


Water Impact.  The change in velocity of the RV at the seafloor Vi|seafloor from that at the surface 
Vi|surface was estimated by integrating the hydraulic drag over the depth of the water column in the 
following form (Melosh H.J., and Marcus R.A., 2005): 


    (equation 2) 


 
 Where: Vi|seafloor = impact velocity at the seafloor in m/s 
  Vi|surface = impact velocity at the water surface in m/s 
  ρw= density of water in kg/m3 (1000 kg/m3) 
  Cd = the drag coefficient for a supersonic rigid sphere of water (0.877)  
  dw = the thickness of the water layer 
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  ρi = density of RV in kg/m3 


  L = the effective diameter of the RV in meters 
  θ = angle of impact 


 
Using equation 1, the crater diameter in the seafloor was calculated assuming that the impact 
velocity is that of the RV at the seafloor (Vi = Vi|seafloor), and a soil density of 1500 kg/m3 (Figure 
1).  The depth of the crater (dtc) was assumed to be 0.35 times the diameter. This analysis is 
consistent with field data where RV impacts have been documented to be 10-15 feet in diameter 
and 2-4 feet deep for water depths less than 10 feet.  No cratering has been observed at depths 
greater than 10 feet (LLNL, 2006).  


 
 
 
GROUND BORNE VIBRATION  


Land Impact.  The seismic magnitude (M) was determined for land impacts using the following 
equation (Melosh 1989): 


     (equation 3) 
 


 Where:   E is the kinetic energy of the RV in Joules 
 


The reasonable upper bound mission parameters (i.e., maximum RV mass and velocity) yielded a 
maximum seismic magnitude of 0.1, corresponding to a Richter magnitude approaching zero. 
Therefore, ground borne vibrations from the impact would not travel long distances (e.g., miles, or 
kilometers). 


Although the ground borne vibrations would not travel long distances, it would be present in areas 
in and next to the impact crater.  The following equation was used to estimate the localized ground 
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borne vibration in terms of peak particle velocity (PPV) (ISEE, 1998; and NIRM, 2005) (Figure 
2): 


       (equation 4) 
 


 Where: PPV = peak particle velocity 
  k= geophysical constant (assumed to be 100)  
  D = distance 
  W = energy measured in TNT equivalents  


 
The upper bound mission parameters (i.e. maximum RV mass and velocity) and thresholds for 
structural damage in buildings (i.e. window breaking and plaster cracking) of 5.4 inches/s were 
applied and yielded a critical radius of potential effects of 122.9 feet from the point of impact, and 
it is likely that these effects propagate into the submerged seafloor for impacts close to or on the 
beach. At this distance the ground borne vibration would be readily perceptible by humans and 
terrestrial species, but would not cause substantial or significant damage to naturally occurring and 
manmade rigid structures. It would however,  have the potential for less than significant adverse 
effects such as minor cracking that would likely be undetectable without intense scrutiny. 
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Water Impact. Using equation 2 to approximate the impact energy at the sea floor, the critical 
radius of potential effects for different water depths was determined (Figure 3). The crater 
formation and effects due to ground borne vibration are independent. Therefore, for convenience it 
should be assumed that there would be no effects from ground borne vibrations when the critical 
distance is less than the crater radius. The water column effectively reduces the energy of the RV 
such that ground borne vibrations from impacts in water depths greater than a foot would not be 
sufficient to propagate beyond the cratered area.  


 
 


The impact of the hypersonic body would be only partially comparable to an explosive detonation 
at the point of impact. In comparison, a true blast wave would have a rise time of only a few msec. 
Therefore, effects on structures and persons may not be equivalent. To help clarify these issues, 
measurements should be made of the ground borne vibrations, and the in-air overpressures at 
several distances from the impact point. This would aid in determining (1) the source strength; (2) 
actual fall-off with distance; and (3) the actual waveform from this event, its rise time, and its 
duration. 
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FINDING OF NO SIGNIFICANT IMPACT (FONSI) 
MINUTEMAN III EXTENDED RANGE FLIGHT TESTING 


SUPPLEMENTAL ENVIRONMENTAL ASSESSMENT (SEA) 
 


Agency: United States Air Force (USAF) 
 
Background: Pursuant to the provisions of the National Environmental Policy Act (NEPA) of 1969, 
Executive Order (EO) 12114, Council on Environmental Quality (CEQ) Regulations [40 Code of Federal 
Regulations (CFR) Parts 1500-1508], 32 CFR Part 989, the USAF has conducted an assessment of the 
potential environmental consequences of activities associated with continuing to conduct proposed 
extended range flight testing for the Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) 
system. The assessment focused on those activities that have the potential to change the human and 
natural environments. 
 
The primary function of the MMIII missile system is strategic deterrence. The concept of strategic 
deterrence means that a defending nation maintains a significant capability to strike a challenging nation 
such that a challenging nation will choose not to attack.  In light of recent nuclear proliferation and the 
acquisition of offensive nuclear capabilities by foreign nations with potential hostile intent, the USAF 
needs more realistic testing at operationally representative distances using prolonged atmospheric Reentry 
Vehicles (RVs) flight times, reentry conditions, and test flight data collection not attainable by using 
impact areas at Kwajalein Atoll or the US Territory of Guam. The Proposed Action would increase total 
mission ranges to approximately 6, 000 nm (11,112 km), which would improve and demonstrate the 
capability and readiness of US Armed Forces to respond to any serious nuclear threats from such foreign 
nations. The inability to conduct these tests would reduce the overall mission readiness of the MMIII 
ICBM system and jeopardize national security. This testing also is critical to Air Force decision making 
on Life Extension Programs for the current Mark (Mk) 12A and Mk 21 RVs. 
 
Because neither routine storage nor management of the MMIII missiles or missile components before 
launch has changed, those aspects are not included in the Proposed Action. Launches would be conducted 
from existing silo facilities at Vandenberg AFB on the coast of California. The launch aspects of MMIII 
test flights from Vandenberg AFB have been fully assessed in the EA for Minuteman III Modification 
(USAF, December 2004) (hereinafter, MMIII EA), and the SEA for Minuteman III Modification (in 
progress) (hereinafter, MMIII SEA), which are hereby incorporated by reference into this SEA. The 
FONSI for the MMIII EA was signed on 24 February 2005; the FONSI for the MMIII SEA was signed on 
(in progress). Pertinent information from those two documents will be summarized in this SEA for the 
purpose of compliance with NEPA. 
 
The SEA considers all potential impacts of the Proposed Action and the No Action Alternative. This 
FONSI summarizes the results of the evaluations of the proposed activities associated with the proposed 
MMIII Extended Range Flight Testing (ERFT) modification. 
 
Proposed Action and No Action Alternative: The SEA assesses the environmental impacts of the 
proposed continuation of activities associated with the proposed MMIII ERFT. The MMIII ERFT missile 
flight tests will originate from Vandenberg AFB, California. At Vandenberg AFB, the missile launches 
will occur from existing silos that are regularly used for these types of tests.  On each test missile, the 
operational RVs are replaced with one RV. At the terminal end of each missile flight, the test RVs will 
impact within broad ocean areas (BOAs) of the North Pacific Ocean, within the Exclusive Economic 
Zone (EEZ) of the Republic of Palau or international waters. None of the RVs would contain high 
explosives; the RVs will remain intact as they impact water at high velocities.  Other missile components 
will impact within the EEZs of Guam and the Federated States of Micronesia. Logistical and technical 
support will be provided by a US Navy Mobile Instrumentation System (NMIS) observation ship out of 







Minuteman III Extended Range Flight Testing  Draft Finding of No Significant Impact 
 


FONSI-2 


Guam. Two MMIII ERFT flight tests are scheduled to occur in 2014 as half of the four annual MMIII 
flight tests. 
Under the No Action Alternative, the USAF would continue four MMIII flight tests per year with 
terminal impacts at US Army Kwajalein Atoll (USAKA)/Ronald Reagan Ballistic Missile Defense Test 
Site (RTS). 
 
No other alternatives to the Proposed Action were considered. There are no other alternative launch sites 
within the US and its territories.  Because of reliance on the limited availability of US Navy 
instrumentation assets on the NMIS ship, the proposed extended range flight test impact locations are the 
only feasible alternative capable of hosting and accomplishing the specific data gathering objectives 
required for the missions at this time. 
 
Environmental Effects: Potential environmental effects associated with the Proposed Action and No 
Action Alternatives were assessed for the following environmental resources: global atmosphere, air 
quality, noise, biological resources, health and safety, and hazardous materials and waste management.  
Other resource areas—including cultural resources, hydrology and groundwater, utilities, solid waste 
management, land use, socioeconomics, environmental justice, soil resources, and visual and aesthetic 
resources—were not analyzed further because no significant impacts to these resources are anticipated as 
a result of implementing the Proposed Action. Potential effects on the environment from implementation 
of the Proposed Action are described in the following paragraphs. 
 
• Global Atmosphere/Air Quality.  For missile flight tests at Vandenberg AFB, rocket motor exhaust 
emissions will be released into the lower atmosphere.  Because the launches are infrequent, short-term 
events, emission products will be rapidly diluted and dispersed by prevailing winds. No violation of air 
quality standards or health-based standards for non-criteria pollutants is anticipated. No changes to 
existing or new air emission permits are required. Also, a review of the General Conformity Rule resulted 
in a finding of presumed conformity with the State Implementation Plan. From a global perspective, the 
exhaust emissions released from the MMIII motors into the upper atmosphere will add to the overall 
global loading of chlorine and other gases that contribute to long-term ozone depletion. However, when 
compared to the amount of emissions released on a global basis, the flight tests will not be statistically 
significant in contributing to cumulative impacts on the stratospheric ozone layer.  The two MMIII ERFT 
flight tests would not substantially increase air emissions above those that would occur from the two 
nominal MMIII flight tests they would replace. Overall, no significant impacts to air quality will occur. 
 
• Noise. Sonic booms generated by the MMIII ERFT RVs near impact will be audible within 
approximately 35 miles (65 km) on both sides of the flight path; however, they would occur entirely over 
open ocean and there are no inhabited islets within the flight corridors that would hear it.  The sonic boom 
footprints do not overlap any Guam, Federated States of Micronesia (FSM or Micronesia), or Republic of 
Palau (ROP or Palau) communities.  The NMIS ship would be downrange of impact and the sonic boom 
footprint would be uprange; therefore, operational personnel would not be subjected to significant noise-
related impacts.  The two MMIII ERFT flight tests would occur in different locations from, and would not 
increase noise levels above, those that would occur with the two nominal MMIII flight tests they would 
replace. Consequently, no significant impacts to the noise environment will occur. 
 
• Biological Resources. For the over-ocean launch corridor, flight termination and spent rocket motors 
have the potential for marine animals or sea turtles to incur exposure to underwater shock/sound waves 
from the splashdown or direct contact, respectively.  Underwater pressure waves generated by the sonic 
booms are expected to be less than 140 decibels (dB), which is well below the lower limit (178 dB) for 
inducing behavioral reactions, and the lower limit (218 dB) for inducing temporary threshold shift (TTS) 
in marine mammals and sea turtles, all sound pressure levels being referenced to 1 micropascal (μPa).  
Because the resulting pressures will be relatively low, and very short in duration, no long-term adverse 
effects are anticipated.  During terminal phase of the flights, the potential for underwater shock/sound 
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waves from the splashdown or direct contact exists from the RVs. However, in the open ocean, the 
probability of impacting protected marine mammals and sea turtles is insignificant based on statistical 
analyses. The MMIII ERFT flight tests will occur only twice within one year, and motor and RV impacts 
from each flight will likely not occur at the exact same locations. Though residual amounts of hazardous 
materials could lead to localized seawater impacts, the risk of marine life coming in contact with or 
ingesting toxic levels of solutions is unlikely, considering the rapid dilution of any contaminants and the 
rapid sinking of any components to the ocean floor. Since the RV approach and impact are within the 
BOA, there would be no effects on terrestrial species and/or migratory birds. In the biological opinion 
regarding effects on marine mammals and sea turtles, the National Marine Fisheries Service (NMFS) 
concurred with the determination of “may affect, but not likely to adversely affect.” The two MMIII 
ERFT flight tests would occur in different locations from, and would not increase the potential for 
biological impacts above, those that would occur with the two nominal MMIII flight tests they would 
replace. Consequently, no significant impacts to the noise environment will occur. Overall, no significant 
impacts to biological resources will occur at any of the locations affected. The implementation of 
mitigation measures identified in the SEA will help minimize or eliminate potentially adverse impacts 
that might occur. 
 
• Health and Safety. All program activities will be accomplished in accordance with applicable DOD, 
Lawrence Livermore National Laboratory (LLNL), Federal, state, and foreign health and safety standards. 
Range safety officials will issue Notices to Airmen, as well as to Mariners, and the missile hazard zones 
will be determined clear of both aircraft and surface vessels before proceeding with any flight test.  By 
adhering to established safety standards and procedures, the level of risk to DOD, LLNL and contractor 
personnel and the general public will be minimal at all of the locations affected. The two MMIII ERFT 
flight tests would not increase the potential for health and safety impacts above those that would occur 
with the two nominal MMIII flight tests they would replace. Thus, no significant impacts to either 
occupational or public health and safety are expected to occur. 
 
• Hazardous Materials and Waste Management. For hazardous materials and waste management, 
activities at each affected installation are governed by specific environmental regulations and existing 
facility response plans that minimize any potential environmental consequences resulting from the use 
and handling of these materials.  Each installation has a plan in place that provides guidelines and 
instructions to prevent and control accidental spills of hazardous materials, including a description of 
appropriate countermeasures to contain, clean up, and mitigate the effects of a spill or discharge. 
Appropriate permits are in place and workers are trained to follow procedures for the proper storage, 
transportation, and disposal of hazardous waste. Hazardous material and waste handling capacities will 
not be exceeded, and management programs will not have to change. 
 
In regards to the release of hazardous and toxic materials from RV tests within the BOAs, no residual 
fragments of RVs will be recovered from deep waters. The two MMIII ERFT flight tests would not have 
hazardous materials or waste management requirements substantially greater than those that would occur 
with the two nominal MMIII flight tests they would replace. Consequently, no significant impacts from 
the management of hazardous materials and waste will occur at any of the sites affected. 
 
Monitoring and Mitigation: Within the SEA, various management controls and engineering systems for 
all locations affected are described. Required by DOD, LLNL, Federal, state, and Service-specific 
environmental and safety regulations, and international agreements, these measures are implemented 
through normal operating procedures. 
 
Specific monitoring activities and mitigation measures identified for implementation as part of the 
proposed MMIII ERFT flight tests are summarized in Section 4.4 of the SEA. 
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Public Review and Comment: An availability notice for public review of the Draft SEA and Draft 
FONSI was published in local newspapers for each program support location on or before 12 July 2013, 
initiating a 30-day review period that ended on 12 August 2013. During review periods, copies of the 
Draft SEA and Draft FONSI were made available in local libraries or offices in Santa Barbara and Santa 
Maria, CA; Guam, Micronesia, and Palau. The Draft SEA and Draft FONSI also appeared on a 
USASMDC/ARSTRAT website at http://www.smdc.army.mil, listed under “News and Media.” 
Comments received during the public review were addressed and incorporated in the Final SEA. 
 
Points of Contact: The US Army Space and Missile Defense Command/Army Forces Strategic 
Command (USASMDC/ARSTRAT) point of contact for this SEA is Mr. Mark Hubbs, 
USASMDC/ARSTRAT, Redstone Arsenal, Alabama. Mr. Hubbs can be reached by calling (256) 955-
2608 or by e-mail at Mark.E.Hubbs.civ@mail.mil.
 


  


Conclusion: Based upon review of the facts and analyses contained in the SEA, the USAF has concluded 
that implementation of the Proposed Action will not have a significant environmental impact, either by 
itself or cumulatively with other projects. Accordingly, the requirements of NEPA, the CEQ Regulations, 
32 CFR Part 989 are fulfilled and an Environmental Impact Statement is not required. 
 
Approved: 
 
 
 
_____________________________   ____________________________ 
JAMES S. BROWNE     Date 
Brigadier General, USAF 
Director of Operations 
 



http://www.smdc.army.mil/�
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1 
1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION 2 
 3 
1.1 Introduction 4 
 5 
The United States (US) Air Force (USAF) prepared this Supplemental Environmental Assessment (SEA) 6 
to update the analysis of conducting Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) 7 
extended range flight tests and supporting activities previously described and analyzed in the Final 8 
Environmental Assessment (EA)—Minuteman III ICBM Extended Range Flight Testing (ERFT) or MMIII 9 
ERFT EA (USAF, 2006a), which is hereby incorporated by reference into this SEA. 10 
 11 
The MMIII ERFT EA analyzed conducting three extended range missions between Fiscal Year (FY) 2006 12 
and 2010.  These missions were for MMIII flight tests from launch at Vandenberg Air Force Base (AFB) 13 
to impact of the reentry vehicles (RVs) in broad ocean areas (BOAs) of the Pacific Ocean, beyond 14 
Kwajalein Atoll (Kwajalein).  Kwajalein has both previous and current MMIII flight test impact sites.  15 
Since the completion of the MMIII ERFT EA and approval of the Finding of No Significant Impact 16 
(FONSI) in April 2006, the three extended range missions were completed in FY06, FY08, and FY10, 17 
with impacts to the southeast and southwest of Guam.  These flights increased the testing ranges of 18 
existing MMIII Force Development Evaluation (FDE) missions by approximately 800 to 1,200 nautical 19 
miles (nm) (1,482 to 2,222 kilometers [km]) beyond Kwajalein Atoll. 20 
 21 
For the continuation of MMIII missile extended range flight tests conducted from Vandenberg AFB, 22 
California (CA), to a BOA of the Pacific Ocean beyond Kwajalein Atoll, this SEA provides an updated 23 
assessment of flight tests through 2014. 24 
 25 
The Air Force Global Strike Command (AFGSC) conducts MMIII flight testing as part of the ongoing 26 
FDE program and, in coordination with the Air Force Nuclear Weapon Center (AFNWC), is the 27 
proponent for the proposed MMIII extended range flight tests analyzed in this SEA.  For extended range 28 
flight testing, the MMIII missiles would launch from existing silos at Vandenberg AFB in California with 29 
designated RV impacts in BOAs south of the Republic of Palau (ROP or Palau) or within international 30 
waters, a range of approximately 6,000 nm (11,112 km) from Vandenberg AFB. 31 
 32 
In support of the AFGSC, the United States Army Space and Missile Defense Command 33 
(USASMDC)/Army Forces Strategic Command (ARSTRAT) determined that an SEA was required to 34 
reassess the potential environmental impacts from the MMIII extended range flight tests because of: (1) 35 
extension of the impact area further southwest of Guam than was originally analyzed and (2) regulatory 36 
changes that have occurred since the completion of the MMIII ERFT EA. 37 
 38 
This SEA was prepared in accordance with the following regulations, statutes, and standards: 39 
 40 


• National Environmental Policy Act (NEPA) (42 United States Code [USC] 4321-4370f). 41 
• Executive Order 12114 (Environmental Effects Abroad of Major Federal Actions) (Office of the 42 


President, 1979). 43 
• The President’s Council on Environmental Quality (CEQ) Regulations for Implementing NEPA 44 


(40 Code of Federal Regulations [CFR] Parts 1500-1508) (CEQ, 2009). 45 
• Environmental Impact Analysis Process (32 CFR Part 989) (USAF, 2009a). 46 
• Environmental Planning and Analysis, US Department of Defense (DOD) Directive (DODD) 47 


4715.9, (DOD, 1996). 48 
• The Compact of Free Association (COFA), as Amended, between the Government of the United 49 


States of America and the Government of the Federated States of Micronesia, signed into law 50 
November 13, 1986, and renewed in 2004 (48 USC 1921). 51 
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• The COFA, as Amended, between the Government of the United States of America and the 1 
Government of the Republic of Palau, signed into law October 1, 1994 (extension agreement was 2 
signed September 2010, but is not yet enacted by US Congress) (48 USC 1931 and 1932). 3 


 4 
1.2 Background 5 
 6 
Because of prior United States (US) initiatives to cancel development programs for new ICBM weapon 7 
systems, the MMIII system has become the only land-based ICBM in America’s nuclear arsenal.  In the 8 
2010 Nuclear Posture Review Report submitted to Congress (DOD, 2010), the Secretary of Defense 9 
specified continuation of the MMIII Life Extension Program with the aim of sustaining the missile fleet 10 
through 2030, as mandated by Congress.  Presently, the MMIII force consists of 450 missiles located 11 
within the three Minuteman Wings at Francis E. Warren AFB, Malmstrom AFB, and Minot AFB.  Flight 12 
tests of the MMIII are conducted annually to ensure the continued readiness and reliability of the weapon 13 
system. 14 
 15 
1.3 Purpose for the Proposed Action 16 
 17 
As part of the USAF's MMIII Extended Range Flight Testing, the proposed test missions include 18 
increasing the target range by approximately 1,800 nm (3,334 km) beyond the vicinities of the Kwajalein 19 
Atoll range (Ronald Reagan Ballistic Missile Defense Test Site [RTS]) in the Republic of the Marshall 20 
Islands and approximately 800 nm (1,482 km) southwest of the island of Guam.  The purpose of the 21 
Proposed Action is continuing extended range flight tests to prove the weapon system's safety, reliability, 22 
and accuracy, and to validate the MMIII weapon system performance and operations. 23 
 24 
1.4 Need for the Proposed Action 25 
 26 
The primary function of the MMIII missile system is strategic deterrence.  The concept of strategic 27 
deterrence means that a defending nation maintains a significant capability to strike a challenging nation 28 
such that a challenging nation will choose not to attack.  In light of recent nuclear proliferation and the 29 
acquisition of offensive nuclear capabilities by foreign nations with potential hostile intent, the USAF 30 
needs more realistic testing at operationally representative distances using prolonged atmospheric RV 31 
flight times, reentry conditions, and test flight data collection not attainable by using impact areas at 32 
Kwajalein Atoll or the US territory of Guam.  The Proposed Action would increase total mission ranges 33 
to approximately 6,000 nm (11,130 km), which would improve and demonstrate the capability and 34 
readiness of US Armed Forces to respond to any serious nuclear threats from such foreign nations.  The 35 
inability to conduct these tests would reduce the overall mission readiness of the MMIII ICBM system 36 
and jeopardize national security.  This testing also is critical to Air Force decision making on Life 37 
Extension Programs for the current Mark (Mk) 12A and Mk 21 RVs. 38 
 39 
1.5 Scope of the Environmental Assessment 40 
 41 
This SEA evaluates the environmental effects of continuing extended range flight tests and extending the 42 
current test targeting range of the MMIII ICBM.  Because neither routine storage nor management of the 43 
MMIII missiles or missile components before launch has changed, those aspects are not included in this 44 
Proposed Action.  Launches would be conducted from existing silo facilities at Vandenberg AFB on the 45 
coast of California.  The launch aspects of MMIII test flights from Vandenberg AFB have been fully 46 
assessed in the EA for Minuteman III Modification (USAF, December 2004) (hereinafter, MMIII EA), 47 
and the SEA for Minuteman III Modification (in progress) (hereinafter, MMIII SEA), which are hereby 48 
incorporated by reference into this SEA.  The Finding of No Significant Impact (FONSI) for the MMIII 49 
EA was signed on 24 February 2005; the FONSI for the MMIII SEA was signed on (in progress).  50 
Pertinent information from those two documents will be summarized in this SEA for the purpose of 51 
compliance with NEPA.  This SEA was prepared in accordance with CEQ regulations at 40 CFR 1500 et 52 
seq. and USAF regulations at 32 CFR 989. 53 
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In accordance with CEQ and USAF regulations, found in 40 CFR 1502.14(d) and 32 CFR 989.8(d), 1 
respectively, this SEA also analyzes the No Action Alternative that serves as the baseline from which to 2 
compare the Proposed Action.  Under the No Action Alternative, MMIII flight tests would not extend 3 
beyond Kwajalein Atoll/RTS.  Ongoing system flight testing, monitoring, and routine maintenance of 4 
MMIII components would continue to ensure weapon system safety, accuracy, and reliability for the 5 
remaining life of the MMIII system. 6 
 7 
1.6 Related Environmental Documentation 8 
 9 
The USASMDC/ARSTRAT relied heavily on several existing NEPA documents to support the 10 
preparation of this SEA.  The documents listed below and cited in the SEA, where applicable, contain 11 
analyses of actions similar to those activities proposed for this SEA and/or provide information on the 12 
existing environment described in Chapter 3.0 herein. 13 


 14 
• Final Environmental Assessment for Minuteman III Modification (USAF, 2004) 15 
• Final Environmental Assessment—Minuteman III ICBM Extended Range Flight Testing (USAF, 16 


2006a) 17 
• Final Environmental Assessment for Hypersonic Technology Vehicle 2 Flight Tests (USAF, 18 


2009b) 19 
• Final Environmental Assessment for Conventional Strike Missile Demonstration (USAF, 2010) 20 
• Advanced Hypersonic Weapon Program Environmental Assessment (USASMDC/ARSTRAT, 2011) 21 
• Final Supplemental Environmental Assessment for Minuteman III Modification (USAF, in 22 


progress) 23 
 24 
1.7 Decisions to Be Made 25 
 26 
Supported by the information and environmental impact analysis presented in this SEA, the USAF will 27 
decide on whether to implement the Proposed Action of continuing to conduct MMIII extended range 28 
flight testing and extending the current test targeting range of the MMIII in a BOA of the Pacific Ocean 29 
or to select the No Action Alternative. 30 
 31 
1.8 Interagency Coordination 32 
 33 
Ongoing interagency coordination is integral to the preparation of this SEA.  The USAF has worked 34 
closely with the Lawrence Livermore National Laboratory (LLNL), for their involvement in supporting 35 
RV flight tests and data collection, and as a cooperating agency during the development of the Proposed 36 
Action.  Additionally, USAF has coordinated with USASDMC/ARSTRAT for analysis of the Proposed 37 
Action. 38 
 39 
Beginning in March 2013, the USAF entered into pre-consultation discussions with the National Marine 40 
Fisheries Service (NMFS) located in Honolulu, Hawaii.  The USAF (with USASMDC/ARSTRAT 41 
support) held teleconferences and meetings with the agency to discuss the potential for environmental 42 
effects from the MMIII extended range flight test activities along the over-ocean flight corridor and at 43 
Guam, the State of Yap in the Federated States of Micronesia (FSM or Micronesia), the Republic of Palau 44 
(ROP or Palau), and international waters.  The discussions also served to identify possible mitigation 45 
measures to minimize the effects on biological resources. 46 
 47 
[Preparer’s Note:  This section is still in preparation and will be updated as agency consultations 48 
progress.] 49 
In March 2013, the USAF (with USASMDC/ARSTRAT support) initiated consultations with NMFS 50 
(Pacific Islands Regional Office), as required by the US Endangered Species Act (ESA) of 1973 (16 USC 51 
1531 et seq.), and the US Marine Mammal Protection Act (MMPA) of 1972 (16 USC 1361 et seq.), 52 
because of potential effects on threatened, endangered, and other protected species, and their habitats, in 53 
international waters and within the Exclusive Economic Zones (EEZs) (within 200 nm [370 km] of the 54 
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coastline) of Guam, the Federated States of Micronesia, and the Republic of Palau.  A biological 1 
assessment (KAYA, 2013) was submitted to NMFS for its review. 2 
 3 
1.9 Public Notification and Review 4 
 5 
In accordance with CEQ (2009) and USAF (2009a) regulations for implementing NEPA, the USAF 6 
solicited comments on the Final SEA from interested and potentially affected parties.  Notice of 7 
Availability (NOA) for the Final SEA and the enclosed Draft FONSI was published in local newspapers 8 
on 12 July 2013 (Table 1-1). (Note: these may change) 9 
 10 


Table 1-1  Newspaper Publications for the Notice of Availability 


Country or State City/Town Newspaper 


California 
Santa Barbara Santa Barbara News-Press 


Santa Maria 
Lompoc Record 
Santa Maria Times 


Guam Hagåtña 
Pacific Daily News 
Navigator 


Federated States of Micronesia 
(Proposed) 


Kolonia, Pohnpei Kaselehlie Press 
Yap Yap Networker 


Republic of Palau 
(Proposed) 


Koror, Palau Island Times (Horizon closed 
2010) 


 11 
Copies of the Final SEA/Draft FONSI were placed in local libraries.  A list of agencies, organizations, 12 
and libraries that were sent copies of the document is provided in Chapter 8.0. 13 
 14 
Following the 30-day public review period specified in the newspaper notices, the USAF will decide 15 
whether to finalize the SEA and sign the FONSI, which would allow the proposed MMIII extended range 16 
test flights to proceed, or to prepare an Environmental Impact Statement (EIS).  If the USAF decides to 17 
finalize the document, then it will take into consideration those public and agency comments received as 18 
part of developing the Final SEA and FONSI.  The Final SEA will then include both the written 19 
comments (i.e., letters and electronic messages received) and their resolution. 20 
 21 
If the USAF finalizes the SEA and signs the FONSI, it will make copies available to those organizations 22 
and individuals who commented on the Final SEA/Draft FONSI or those who specifically requested a 23 
copy of the final document. 24 
 25 
The public review period began on 12 July 2013 and ended on 12 August, 2013; XX comments were 26 
received.27 



http://en.wikipedia.org/wiki/Pacific_Daily_News�

http://en.wikipedia.org/w/index.php?title=Navigator_(newspaper)&action=edit&redlink=1�
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2.0 DESCRIPTION OF PROPOSED ACTION AND ALTERNATIVES 1 
 2 
This chapter briefly describes the MMIII ICBM and provides a description of the Proposed Action and 3 
the No Action Alternative. 4 
 5 
Two alternatives are assessed in this SEA—the Proposed Action and the No Action Alternative.  Section 6 
2.1 provides a description of the MMIII missile system and subsystem components.  Section 2.2 provides 7 
a detailed description of the ongoing MMIII flight tests under the No Action Alternative.  Section 2.3 8 
describes modifications to the flight test program under the Proposed Action.  Alternatives to the 9 
Proposed Action that were considered and eliminated from further study are discussed in Section 2.4.  A 10 
summary comparison of the environmental impacts associated with the Proposed Action and the No 11 
Action Alternative is presented in Section 2.5.  Lastly, Section 2.6 identifies the USAF’s preferred 12 
alternative. 13 
 14 
2.1 The Minuteman III Missile System Description 15 
 16 
The MMIII ICBM is generally unchanged from the Proposed Action description analyzed in the MMIII 17 
EA (USAF, 2004).  The MMIII ICBM (Figure 2-1) consists of five major sections: the three-stage solid-18 
propellant booster, the propulsion system rocket engine (PSRE), the missile guidance set (MGS), the 19 
Model or MOD 7 instrumentation wafer (flight test configuration only), and the reentry system (RS).  The 20 
latter four sections comprise what is generally referred to as the Post-Boost Vehicle (PBV).  The PBV 21 
carries from one to three Mk 12A or one Mk 21 reentry vehicles (RVs) within the RS.  Table 2-1 provides 22 
dimensions of the missile and the three stage motors and fuel weights. 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
 49 
 50 


51 


Table 2-1  Attributes of the MMIII ICBM 


Attribute  
Specifications  


Missile 1st Stage 2nd Stage 3rd Stage  


Length 18.3 m 
(59.9 ft) 


5.7 m 
(18.6 ft) 


2.8 m 
(9.1 ft) 


1.7 m 
(5.5 ft)  


Diameter  1.7 m 
(5.5 ft) 


1.7 m 
(5.5 ft) 


1.3 m 
(4.3 ft) 


1.3 m 
(4.3 ft)  


Weight  
36,000 kg 
(79,400 lb) 
at launch 


20,730 kg 
(45,700 lb) 
(fuel only) 


6,240 kg 
(13,750 lb) 
(fuel only) 


3,310 kg 
(7,300 lb) 
(fuel only)  


Source: USAF, 2004     
Key:  m = meter(s)   ft = feet   lb = pound(s)   m = meter   kg = kilogram 


Figure 2-1  Minuteman III Missile 
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2.1.1 Solid-Propellant Booster 1 
 2 
The solid-propellant booster is comprised of the assembled first-, second-, and third-stage motors, along 3 
with the inter-stages and ordnance systems.  Table 2-2 provides by stage the main chemical components 4 
and DOD explosive hazard classification for the propellants.  The DOD explosive hazard classification 5 
determines the method of shipping and storing of the rocket propellants and other ordnance (DOD, 2009; 6 
USAF, 2012a). 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
During powered flight, each rocket motor uses a different Thrust Vector Control (TVC) system (steering 19 
mechanism) for pitch, yaw, and roll control.  Descriptions of each and the materials they use are: 20 
 21 


• 1st Stage.  The TVC system on the first-stage motor uses hydraulically actuated, moveable nozzles 22 
for altering the thrust vector.  Several gallons of hydraulic fluid are contained in the system. 23 
 24 


• 2nd Stage.  The TVC is accomplished through the liquid injection of perfluorohexane into the 25 
rocket’s gas exhaust.  Approximately 200 lb (91 kg) of perfluorohexane are used. 26 
 27 


• 3rd Stage.  The third-stage motor uses a liquid injection TVC system nearly identical in concept to 28 
the second-stage system, except strontium perchlorate is used.  The TVC system uses 29 
approximately 50 lb (23 kg) of the liquid. 30 


 31 
Small amounts of ordnance in the form of linear explosive assemblies are used to separate the stages 32 
during flight.  Other ordnance carried on the three-stage booster includes rocket motor igniter assemblies 33 
and an ordnance destruct package used only for test launches at Vandenberg AFB.  When combined these 34 
devices contain less than 1 lb (0.45 kg) of additional explosives. 35 
 36 
2.1.2 Propulsion System Rocket Engine (PSRE) 37 
 38 
Just above the third-stage motor on the MMIII is the PSRE.  It is a liquid propellant rocket unit consisting 39 
of two sealed propellant storage assemblies, a helium gas storage tank for pressurizing the propellant, and 40 
several small rocket engines.  The propellants used are monomethylhydrazine (CH6N2) as the fuel and 41 
nitrogen tetroxide (N2O4) as the oxidizer, which form a hypergolic combination.  The PSRE is completely 42 
assembled and fueled with 13.2 gallons (gal) (50 liters [L]) each of fuel and oxidizer at the time of 43 
manufacture.  The PSRE also contains a linear shaped charge made of less than 1 ounce (28 grams [g]) of 44 
explosives, which splits the fuel (monomethylhydrazine) tank when a destruct action is taken. 45 
 46 
2.1.3 Missile Guidance Set (MGS) and MOD 7 Instrumentation Wafer 47 
 48 
Mounted on top of the PSRE are the electronic MGS and the MOD 7 instrumentation wafer (used only 49 
for flight tests).  The guidance set is an inertial guidance system that directs the flight of the MMIII 50 
missile.  Components within the instrumentation wafer transmit data to track the missile flight path and 51 


Table 2-2  Solid-Propellant Rocket Motors 


Stage Main Chemical Components DOD Explosive Hazard 
Classification 


1st 
Ammonium Perchlorate 


Aluminum 
Polybutadiene-Acrylonitrile Class 1.3 


2nd Ammonium Perchlorate 
Aluminum 


Carboxyl Terminated Polybutadiene 
 


3rd 
Source:  W. Doke, personal communication, 27 February 2013 
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evaluate performance following launch from Vandenberg AFB.  Batteries used in the MGS and MOD 7 1 
are described in section 2.1.5 Batteries. 2 
 3 
2.1.4 Reentry System (RS) and Reentry Vehicles (RVs) 4 
 5 
The payload section on top of the MMIII missile is referred to as the RS.  Inside of the RS, the Support 6 
Payload Bulkhead provides a structural support base for one to three RVs (Figure 2-2) and carries the 7 
electronics needed to activate and deploy them in flight.  A two-piece shroud covers the bulkhead and 8 
RVs, protecting them during ascent.  The nose cap on top of the shroud contains a small rocket motor 9 
containing 6.8 lb (3.1 kg) of solid propellant, which ejects the shroud from the vehicle while in flight.  In 10 
its current configuration, the MMIII RS fielded at the Minuteman Wings employs either the Mk 12A or 11 
Mk 21 RV. 12 


 13 
 14 
For the MMIII flight tests conducted annually from Vandenberg AFB, the operational RVs are replaced 15 
with one Mk 21 or up to three Mk 12A inert RVs.  The test RVs do not contain any fissile materials; 16 
however, they do typically contain varying quantities of hazardous materials, including batteries, 17 
asbestos, depleted uranium (DU)1


 24 


, and other heavy metals.  In general, only one test RV per year contains 18 
high explosives; for the planned FY14 extended range flight tests, RVs do not contain high explosives.  19 
Other ordnance carried on the RS includes a shroud ejection motor initiator, gas generators, and gas 20 
generator initiators.  All test RVs typically include 0.29 to 22 ounces (oz) (8.2 to 624 g) of asbestos; 21 
approximately 0.035 to 0.353 oz (1 to 10 g) each of beryllium (Be), cadmium (Cd), and chromium (Cr); 22 
approximately 4.8 oz (136 g) of lead; and an unspecified quantity of DU. 23 


2.1.5 Batteries 25 
 26 
To provide electrical power to the MMIII subsystems, several different types of batteries are carried on 27 
board the motors, the RS, and other sections of the missile.  These include multiple silver-zinc batteries, a 28 
single lithium carbon monofluoride battery, and a single lithium silicon/iron disulfide (thermal) battery.  29 
Approximately 15 batteries are carried on each MMIII flight test missile, depending on the RS 30 
                                                      
11  Uranium (U) is a silver-colored metal that is radioactive and nearly twice as dense as lead. Small amounts of U occur naturally 
in soil, water, air, plants, and animals; and contribute to natural background radiation in the environment.  DU is a byproduct of 
the enrichment process used to make weapons grade U-235.  DU retains the natural toxicological properties of U, but has 
approximately half of its radiological activity.  DU is a non-fissile material.  (USAF, 2004)    


    Figure 2-2  Missile Payload Section 
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configuration used, each weighing from one to 21 lb (0.5 to 9.5 kg).  The individual Mk 12A RVs contain 1 
one silver zinc battery (weighing approximately 1.6 lb [0.7 kg]), while the Mk 21 RVs contains one silver 2 
zinc and one thermal battery (for a total battery weight of approximately 2.4 lb [1.1 kg]).  Additional 3 
details on the MMIII ICBM are available in the MMIII EA and MMIII SEA [in progress]. 4 
 5 
2.2 No Action Alternative 6 
 7 
Under the No Action Alternative, the USAF would continue to conduct MMIII testing at the fixed 8 
Kwajalein Atoll ranges described and analyzed in the MMIII EA and MMIII SEA.  Up to four MMIII 9 
missile launches would be conducted annually from Vandenberg AFB (Figure 2-3) as previously 10 
analyzed.  Vandenberg AFB is the headquarters of the 30th Space Wing (SW), which conducts space and 11 
missile test launches, and operates the Western Range from where a number of ballistic missiles and 12 
space-lift vehicles launches occur. 13 
 14 
For each MMIII flight test, the USAF randomly selects a MMIII missile from a Minuteman Wing and the 15 
missile components are shipped to Vandenberg AFB for launch.  Prior to a launch, a Flight Termination 16 
System (FTS) destruct package is added to the MMIII to terminate motor thrust if unsafe conditions 17 
develop during powered flight. 18 
 19 
For each test flight, USAF personnel conduct a comprehensive safety analysis to determine specific 20 
launch and flight hazards for each test.  A standard dispersion computer model for both normal and 21 
aborted launch scenarios is run by installation safety personnel.  As part of the analysis, risks to off-base 22 
areas and non-participating aircraft, sea vessels, and personnel are determined.  The results of the analysis 23 
then are used to identify the launch hazard area, expended booster drop zones, and terminal hazard areas. 24 
 25 
A flight termination boundary along the vehicle flight path is also predetermined in case a launch vehicle 26 
malfunctions or a flight termination action occurs.  The flight termination boundary defines the limits at 27 
which command flight termination would be initiated to contain the vehicle and its debris within 28 
predetermined hazard and warning areas, thus minimizing the risk to test support personnel and the 29 
public.  Thrust would be terminated by initiation of the FTS, which splits the motor casing, releasing 30 
motor pressure.  The PSRE also contains a linear shaped charge which splits the fuel tank when a destruct 31 
action is taken.  These actions stop the booster’s forward thrust, causing the launch vehicle to reenter 32 
ballistically along a descending trajectory into the ocean. 33 
 34 
As a normal procedure, commercial and private aircraft and watercraft are notified of all the hazard areas 35 
several days prior to launch through a Notice to Airmen (NOTAM) and a Notice to Mariners 36 
(NOTMAR).  Within a day prior to launch, radar and other remote sensors are used to verify that the 37 
hazard areas are clear of non-mission-essential aircraft, vessels, and personnel. 38 
 39 
The USAKA/RTS supports the MMIII missions by providing tracking, sensing, and other technical and 40 
logistical support, typical of every day operations there.  An extensive array of missile tracking radars, 41 
optical sensors, and meteorological equipment are located on several of the islets and are deployed on 42 
LLNL Independent Diagnostic Scoring System (LIDSS) rafts (see Section 2.3.4) stored at USAKA.  43 
Other auxiliary sea-based, aircraft-based, and satellite-based sensors (optical and radar systems) also may 44 
be involved in tracking the missile and collecting data. 45 
 46 
At the conclusion of the flight tests, expended rocket motors and other missile hardware are not recovered 47 
from the ocean and RV recovery operations are not attempted in deeper waters for nominal missions. 48 
 49 
Overall mission readiness of the MMIII ICBM system and maintenance of national security would be 50 
jeopardized and the MMIII FDE mission would not be fulfilled under the No Action Alternative. 51 
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Figure 2-3  Minuteman III Flight Test Support Facilities 
at Vandenberg AFB, California 
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2.3 Proposed Action 1 
 2 
Under the Proposed Action, MMIII flight test launches from Vandenberg AFB would continue with 3 
extended range impacts in BOAs of the Pacific Ocean, as addressed in the MMIII ERFT EA, with the 4 
option for further range expansion and test performance scheduled to occur in 2014.  The USAF would 5 
continue to conduct up to two extended range MMIII FDE missions. 6 
 7 
Facilities at USAKA/RTS and Guam would provide logistical and technical support during the flight 8 
preparations and actual flight tests.  The proposed impact areas for the extended test range, which meet 9 
the AFGSC mission requirements and are coordinated for accessibility to the Navy Mobile 10 
Instrumentation Ship (NMIS), are approximately 800 nm (1,482 km) southwest of Guam.  The two 11 
trajectories for the two flight tests covered under this SEA are slightly different.  They both have rocket 12 
motor drop zones within the EEZ of Guam or Micronesia and planned missile component impacts within 13 
the EEZs of Micronesia and Palau, or within international waters.  No Proposed Action activities are 14 
planned for island locations within Micronesia or Palau. 15 
 16 
2.3.1 Launch Site Preparation and Operations at Vandenberg Air Force Base 17 
 18 
For pre-launch activities, there would be no difference from non-extended range flight tests.  The same 19 
locations, facilities, and procedures for launches at Vandenberg AFB described in the No Action 20 
Alternative would be used to support the Proposed Action flight tests with no plans for additional 21 
modifications or construction. 22 
 23 
Prior to conducting each MMIII ERFT, USAF and contractor personnel would conduct a comprehensive 24 
survey analysis to determine specific missile launch and flight hazards as per the No Action Alternative 25 
description.  The determined flight termination boundary would define the limits at which command 26 
flight termination would be initiated in order to contain the missile and its debris within predetermined 27 
hazard and warning areas, thus minimizing the risk to test support personnel and the general public. 28 
 29 
As part of standard operating procedures, international coordination for NOTAMs and NOTMARs will be 30 
managed through the USAF 30th SW at the USAKA/RTS range (30 SW/RTS), informing commercial 31 
and private aircraft and watercraft respectively of all hazard areas several days prior to launch.  Within a 32 
day prior to each launch, radar, and possibly other remote sensors are used to verify that the hazard areas 33 
are clear of non-mission-essential aircraft, vessels, and people. 34 
 35 
Should a MMIII missile head off course during an extended range flight test or should other problems 36 
occur during flight, the Missile Flight Control Officer would activate the FTS destruct package on the 37 
missile as described in the No Action Alternative. 38 
 39 
2.3.2 Launch Preparation in Guam 40 
 41 
For each MMIII ERFT flight test, LLNL and contractor personnel would pack and ship sensor rafts 42 
(described in section 2.3.4) in sea-worthy containers from Kwajalein Atoll to a Guam warehouse.  43 
Assembly and testing of the raft equipment would occur on Guam.  From the Guam warehouse, the rafts 44 
would be loaded onto an NMIS ship for the mission.  A day sail from an undetermined port may occur 45 
approximately one or more months before each actual flight test for personnel to train and practice 46 
deployment, operation, and recovery of the sensor rafts.  These activities require less than ten of the 47 
existing support personnel.  Shipping/receiving and storage facilities already on Kwajalein Atoll and 48 
Guam would be utilized. 49 


50 
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1 


Figure 2-4  Representative Missile Flight Paths for Extended Range Flight Testing 


Figure 2-5  Representative Missile Impacts for Extended Range Flight Testing 
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2.3.3 Flight Test Scenario in the Over-Ocean Flight Corridor 1 
 2 
Figure 2-4 shows representative missile flight paths and the booster drop zones for MMIII extended range 3 
flight test missiles launched from Vandenberg AFB towards impact in BOAs in the EEZ of the ROP and 4 
within international waters.  Following motor burnout and separation, the spent first-stage motor would 5 
splash down in the Pacific Ocean approximately 105 nm (195 km) off the California coast.  The spent 6 
second-stage motor would impact approximately 790 to 815 nm (1,463 to 1,509 km) off the California 7 
coast.  The missile flight path would continue well north of the Hawaiian Islands since the missions are 8 
not designed to overfly populated areas.  The third-stage rocket motor debris splash-downs would occur 9 
approximately 4,900 to 5,200 nm (9,075 to 9,630 km) from the California coast, into a BOA within the 10 
Guam or FSM EEZ.  The thrust termination (TT) port assemblies would impact downrange of the third-11 
stage rocket motor debris by approximately 300 to 500 nm (556 to 926 km), in a BOA within the EEZ of 12 
Micronesia, approximately 38 nm (70 km) from the closest island in the State of Yap.  Towards the 13 
terminal end of each MMIII extended range flight test, the PBV and MGS fragments would impact in 14 
predetermined BOAs of Palau and Micronesia.  The one RV on each flight will continue traveling at 15 
hypersonic velocities towards the designated target areas (Figure 2-5). 16 
 17 
2.3.4 Terminal Phase Preparations and Operations on Land and at Sea 18 
 19 
Several measurement systems and sensors would be used to support the MMIII extended range flight 20 
tests.  The systems required are defined by location along the flight path trajectory to meet the mission 21 
test objectives and collect the required data for detailed evaluation of the flight tests (Table 2-3).  During 22 
the launch window, these systems will be used exclusively for the extended range tests.  Additionally, 23 
meteorological support would be provided by Vandenberg AFB, USAKA/RTS, and the NMIS ship. 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
Using the TAGS-60 class ship as the platform, a Naval oceanographic survey service ship with cranes, 34 
winches, and survey sensors, the NMIS provides a modern, mobile, and portable test range 35 
instrumentation system.  The ship can support radar tracking, telemetry acquisition, optics, weather, and 36 
communications requirements for missile launches.  The survey ship also transports other sensor systems 37 
deployed at the target site.  The NMIS ship would be positioned within approximately 10 nm (18.5 km) 38 
from the impact site, nominally west and downrange of the RV impact. 39 
 40 
The Terminal Area Optical System (TAOS), self-contained in a sea-worthy container, would be located 41 
on the NMIS ship.  The TAOS includes optical and video systems with power and communication 42 
interfaces with the NMIS ship and data synergy between radar, optics and other sensors. 43 
 44 
Other data collection instruments transported by the NMIS ship at sea would include several types of 45 
reusable rafts developed by LLNL to include LLNL LIDSS multiple use rafts (Figure 2-6).  The rafts 46 
generally use twin battery-powered trolling motors for differential thrust navigation and station- keeping 47 
to ensure proper positioning for the flight impacts.  Power to the trolling motors is provided by marine 48 
gel-cell batteries.  The LIDSS detector rafts weigh approximately 1,600 lb (726 kg) and measure 49 
approximately 9 ft wide by 14 ft long (2.74 m by 4.27 m).  The camera rafts weigh approximately 2,000 50 
lb (907 kg).  The dimensions are 9 ft wide by 16 ft long (2.74m by 4.88 m). 51 


Table 2-3  Support by Location Along Flight Path 
Uprange  Radar, telemetry, GPS, optics/video, meteorological, 


command transmitters 
Midrange Radar, telemetry 
RTS Radar, telemetry, meteorological 
Downrange  Radar, telemetry, optics, meteorological (aboard the NMIS 


ship), hydrophone rafts with neutron detectors and cameras 
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Figure 2-6.  Representative Sensor Raft System 


Source:  USAF, 2010 


Sensors on the rafts may include neutron 1 
detectors, still digital cameras, high-speed 2 
digital cameras, and video digital cameras.  3 
All of the rafts have hydrophones, which 4 
measure the sound from impacts to determine 5 
the exact splash-down location. 6 
 7 
Assembly and testing of the rafts would occur 8 
on Guam approximately one month before an 9 
actual flight.  Sixteen rafts would be deployed 10 
for each mission; thirteen detector rafts and 11 
three camera rafts.  For flight support, 12 
deployment and recovery of rafts would occur 13 
at sea from the NMIS ship.  Deployment 14 
formation typically is at a distance of 15 
approximately four or less nm (7.4 km) 16 
around the target impact location. 17 
 18 
As data collection instruments are deployed, LLNL personnel will observe the impact and surrounding 19 
area to the best of their ability for indications of marine mammal and sea turtle presence.  If such 20 
indications exist or marine mammal or sea turtle individuals are observed to persist in the impact or 21 
surrounding area, the presence will be reported by LLNL personnel to AFGSC personnel, who will 22 
determine the potential for holding launch activities to allow the animals to pass through the area of 23 
concern. 24 
 25 
2.3.4.1 Terminal Flight and Impact Activities 26 
 27 
Towards the terminal end of each MMIII extended range flight test, beyond the third-stage motor and TT 28 
port drop zones, the PBV and MGS fragments impact in predetermined areas of the BOA of ROP and 29 
FSM.  The one RV on each flight continues traveling at hypersonic velocities towards the designated 30 
target areas.  For both flight tests, the RVs impact approximately 80 nm (148 km) offshore from the 31 
closest island or within international waters into deep ocean waters where depths range from 10,000 to 32 
16,600 ft (3,048 to 5,060 m).  None of the extended range flight test RVs contains high explosives and the 33 
RVs remain intact until impact in the ocean. 34 
 35 
2.3.4.2 Post-Test Cleanup and Recovery Operations 36 
 37 
Following completion of each flight test, LLNL personnel would work to retrieve LIDSS rafts for 38 
transport to Guam.  The recovered rafts would be disassembled, re-packed, and shipped back from Guam 39 
to Kwajalein Atoll.  Expended rocket motors and other missile hardware are not recovered from the ocean 40 
and RV recovery operations are not attempted for nominal missions.  There are no onsite, physical 41 
assessment or post-test cleanup activities required for MMIII extended range flight tests. 42 
 43 
2.4 Alternatives Eliminated From Further Consideration 44 
 45 
Other than Vandenberg AFB, there are no other alternative launch sites within the United States and its 46 
territories that can perform MMIII launches using existing facilities in a safe and secure operational-like 47 
manner.  Because of reliance on the limited availability of US Navy instrumentation assets on the NMIS 48 
ship, which will be in the geographic target area, the proposed extended range flight test impact locations 49 
are the only feasible alternative capable of hosting and accomplishing the specific data gathering 50 
objectives required for the missions at this time. 51 
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2.5 Comparison of Environmental Consequences of the Proposed Action and No Action 1 
 Alternative 2 
 3 
Table 2-4 presents a comparison of the potential environmental consequences of the Proposed Action and 4 
the No Action Alternative for those locations and resources affected.  A detailed discussion of these 5 
potential impacts is presented in Chapter 4.0 of this SEA. 6 
 7 
2.6 Identification of the Preferred Alternative 8 
 9 
The USAF’s preferred alternative is the Proposed Action, as described in Section 2.3 of this SEA. 10 
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Table 2-4  Comparison of Potential Environmental Consequences 
Location/Resources 


Affected 
No Action Alternative Proposed Action 


Launch (Vandenberg AFB) - Based on Findings of the MMIII EA/SEA [In progress] 
Airspace        Air Quality 
Noise 
Biological Resources 
Water Quality 


Findings of No Significant Impact 
were prepared for both the MMIII 
EA and MMIII SEA. 


No change from the No Action 
Alternative. 


Guam 


Health and Safety N/A 


The shipping/receiving, loading and 
unloading would be performed by trained 
and certified personnel. Shipboard 
personnel would train and practice 
deploying and retrieving sensor rafts prior 
to the actual flight tests. 


Hazardous Materials and 
Waste Management N/A 


Proper procedures for handling these 
materials and wastes are followed in 
accordance with all applicable Federal 
(such as 29 CFR 1910), DOD, and Air 
Force, Army, and Navy regulations. Use 
and management of hazardous materials 
and the disposal of hazardous wastes 
require approval and coordination with 
LLNL or with the appropriate safety and 
environmental offices. 


Over-Ocean Flight Corridor 


Global Atmosphere N/A 
Flight tests would not contribute 
significantly to ozone layer depletion or 
to global warming. 


Health and Safety N/A 


NOTAMs and NOTMARs would be 
issued for the flight corridor. Allowable 
public risk limits would be extremely 
low; individuals within the general public 
would not be exposed to a probability of 
casualty greater than 30 in 1,000,000 for a 
single mission. By adhering to established 
and proven safety standards and 
procedures, the level of risk to all 
personnel would be minimal. 


Biological Resources N/A 
The potential for effects to marine 
mammals or sea turtles from sonic booms 
or debris if flight termination were 
required would be remote. 


Proposed Impact Areas - Broad Ocean Areas of the North Pacific Ocean 
Air Quality  N/A Air emissions generated would primarily 


occur above the mixing layer and be 
quickly dispersed and diluted over a large 
geographic area.  No violation of air 
quality standards or health-based 
standards for non-criteria pollutants 
would be anticipated. 
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 1 
Table 2-4  Comparison of Potential Environmental Consequences - Continued 


Location/Resources 
Affected 


No Action Alternative Proposed Action 


Proposed Impact Areas - Broad Ocean Areas of the North Pacific Ocean - Continued 
Biological Resources 
Water Quality and Noise 
were included for 
potential impacts on 
marine life. 
 


• Fish No change from the No Action 
Alternative as assessed in the MMIII 
ERFT EA. 
• Sea Turtles No change from the No 
Action Alternative as assessed in the 
MMIII ERFT EA. 
• Marine Mammals No change from 
the No Action Alternative as assessed 
in the MMIII ERFT EA 
 


• Fish No change from the Proposed 
Action as assessed in the MMIII ERFT 
EA. 
• Sea Turtles Within impact areas, there 
are no features that would cause 
concentrations of sea turtles. Based on 
conservative estimates of sea turtle 
densities coupled with conservative 
estimates of hearing, it was determined 
that only a negligible number of sea 
turtles (i.e., less than 0.0003) might be 
affected acoustically or non-acoustically 
by proposed extended range flight testing. 
• Marine Mammals For Level B 
harassment, there would be no predicted 
“takes” of an individual marine mammal 
species of more than 0.0324 annually due 
to acoustic impacts. For Level A injury or 
mortality, the potential for “takes” due to 
acoustic impacts would approach zero. 
For non-acoustic effects, given the 
estimated marine mammal densities along 
the flight path and in the impact areas, the 
probability that marine mammals would 
be affected by falling debris is very low 
to negligible. 


Health and Safety No change from the Proposed Action as 
assessed in the MMIII SEA 


The flight tests would be conducted using 
established range safety standards and 
procedures.  Sensor raft activities would 
be performed in compliance with all 
shipboard safety requirements and under 
the oversight of a highly experienced 
supervisor. 


Hazardous Materials and 
Waste Management 


No change from the Proposed Action as 
assessed in the MMIII SEA 


RVs breakup on impact; hazardous 
materials contained in the RVs are rapidly 
diluted in ocean waters and/or sink to the 
ocean floor.  Any accidental spills from 
support equipment operations would be 
contained and cleaned up in accordance 
with US and DOD requirements.  
Resulting waste materials would be 
returned to Guam for proper storage and 
disposal in accordance with US 
regulations.  Hazardous waste and other 
waste-handling capacities at Guam would 
not be exceeded, and waste management 
programs would not change. 


Noise No change from the Proposed Action as 
assessed in the MMIII SEA 


No land region would be exposed to RV 
sonic booms. The NMIS ship would be 
downrange and personnel would follow 
applicable Hearing Conservation 
Programs. No test support personnel 
would be affected. 


 


 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


2-13 


1 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


3-1 


3.0 AFFECTED ENVIRONMENT 1 
 2 
This chapter describes the environmental resources at the locations identified in the Proposed Action—3 
Vandenberg AFB, Guam, the over-ocean flight corridor, and BOAs of Guam, the Federated States of 4 
Micronesia, the Republic of Palau, and international waters.  The chapter is organized by location, 5 
describing each environmental resource or topical area that could be affected at that site by implementing 6 
the Proposed Action. 7 
 8 
Some of the resource topics originally discussed in the MMIII ERFT EA remain essentially the same 9 
and/or are unlikely to be affected by implementation of the Proposed Action analyzed in this SEA.  The 10 
flight launch activities and affected environment topics are relatively the same as those for the MMIII 11 
modification flights and the ERFT flight tests.  To minimize redundancy, this SEA focuses on those 12 
resource topics where substantive changes or alterations have occurred within the resource topics or in the 13 
region of influence (ROI).  For those resource topics not addressed in detail herein, the MMIII EA, 14 
MMIII ERFT EA, and MMIII SEA [in process] are incorporated by reference and considered valid for 15 
current analysis purposes.7


 17 
 16 


The information and data presented in the SEA correspond to the importance of the potential affects to 18 
provide the proper context for evaluating impacts.  Sources of data used and cited in the preparation of 19 
this chapter include available literature (such as EAs, EISs, and other environmental studies), installation 20 
and facility personnel, and regulatory agencies.  The rationale for excluding certain environmental 21 
resource topics from further study is described in the introductory section for each location. 22 
 23 
The information contained in this Chapter serves as the baseline against which the predicted effects of the 24 
Proposed Action can be compared.  The potential environmental effects of the Proposed Action and No 25 
Action Alternative are discussed in Chapter 4.0. 26 
 27 
3.1 Vandenberg Air Force Base 28 
 29 
Vandenberg AFB is located in Santa Barbara County on the central coast of CA, about 50 miles (mi) (80 30 
km) northwest of the City of Santa Barbara.  Covering more than 98,000 acres (39,660 hectares), it is the 31 
third largest USAF installation in the US.  A primary mission for the base is to conduct and support space 32 
and missile launches.  Located along the Pacific coast, Vandenberg AFB is the only facility in the US 33 
from which unmanned Government and commercial satellites can be launched into polar orbit, and where 34 
land-based ICBMs can be launched to verify weapon system performance. 35 
 36 
Rationale for Environmental Resources Analyzed 37 
 38 
For proposed MMIII ERFT activities at Vandenberg AFB the affected environment topics were evaluated 39 
in detail in the MMIII EA and the MMIII SEA.  These were:  air quality, noise, biological resources, 40 
health and safety, and hazardous materials and waste management.  Surface water quality also was 41 
included in the analysis from the standpoint of potential impacts on vegetation and wildlife.  Other 42 
resource topics for Vandenberg AFB were not analyzed further in the MMIII SEA because the resources 43 
were not involved in the MMIII activities.  Launches for MMIII ERFT essentially are unchanged from 44 
other MMIII launches.  There have been little or no changes to the affected environment, to the MMIII 45 
program and launch activities, or to the resulting environmental effects since completion of the MMIII 46 
SEA [in process] (Section 4.1).  A summary of Health and Safety evaluation, which is applicable to the 47 
ERFT flights, is provided below. 48 


                                                      
7  The MMIII EA can be accessed on the DTIC web site at http://www.dtic.mil/dtic/tr/fulltext/u2/a434266.pdf. 
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3.1.1 Health and Safety 1 
 2 
Prior to each MMIII ERFT, USAF and contractor personnel would conduct a comprehensive survey 3 
analysis to determine specific missile launch and flight hazards.  The determined flight termination 4 
boundary would define the limits at which command flight termination would be initiated in order to 5 
contain the missile and its debris within predetermined hazard and warning areas, thus minimizing the 6 
risk to test support personnel and the general public. 7 
 8 
International coordination for NOTAMs and NOTMARs will be managed through the USAF 30th SW at 9 
the USAKA/RTS range, informing commercial and private aircraft and watercraft respectively of all 10 
hazard areas several days prior to launch.  Within a day prior to each launch, radar, and possibly other 11 
remote sensors are used to verify that the hazard areas are clear of non-mission-essential aircraft, vessels, 12 
and people. 13 
 14 
Should a MMIII missile head off course during an extended range flight test or should other problems 15 
occur during flight, the Missile Flight Control Officer would activate the FTS destruct package on the 16 
missile as described in the No Action Alternative. 17 
 18 
3.2 Guam 19 
 20 
In preparation for the proposed MMIII ERFT missile flights, an NMIS ship carrying sensor rafts and 21 
telemetry sensors would temporarily dock at the island of Guam.  Equipment would be loaded aboard 22 
from storage facilities prior to departing for the proposed impact sites in the BOAs.  Equipment required 23 
for these activities will use hazardous materials as described in Section 3.2.2. 24 
 25 
Rationale for Environmental Resources Analyzed 26 
 27 
For proposed MMIII ERFT flight test activities at Guam the affected environment topics are health and 28 
safety and hazardous materials and waste management.  Other resource topics for Guam were not 29 
analyzed further because the resources were not involved in the MMIII ERFT activities. 30 
 31 
3.2.1 Health and Safety 32 
 33 
About a month before the planned missile test flight, LLNL and contractor personnel would pack the 34 
sensor rafts and calibration equipment in sea-worthy containers and ship them from Kwajalein Atoll to a 35 
Guam warehouse for each MMIII extended range flight test.  From the warehouse, the rafts would be 36 
loaded onto an NMIS ship for the mission.  Existing shipping/receiving, storage, and docking facilities on 37 
Kwajalein Atoll and Guam would be utilized; these activities are similar to operations occurring every 38 
day at both locations.  Only trained and certified operators would operate the lifting and loading 39 
equipment.  Assembly and testing of the raft equipment would occur on Guam.  A day sail from an 40 
undetermined port may occur within approximately one or more months before each actual flight test for 41 
personnel to train and practice deployment, operation, and recovery of the sensor rafts, under the 42 
supervision of a highly experienced supervisor.  These activities require less than ten of the existing 43 
support personnel.  All required Occupational Health and Safety Administration (OSHA) regulations 44 
within 29 CFR would be followed, as well as all appropriate DOD, LLNL, and environmental guidance, 45 
directives and procedures. 46 
 47 
3.2.2 Hazardous Materials and Waste Management 48 
 49 
The equipment associated with the shipping/receiving, storage, loading/unloading at Guam likely would 50 
require batteries, fuels, oils and lubricants.  The facilities would follow US Resources Conservation and 51 
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Recovery Act requirements for management of hazardous materials.  This includes having spill 1 
prevention, control, and countermeasure (SPCC) plans in place in the event of a spill or release of 2 
hazardous materials, with procedures for disposing of waste following a spill event cleanup. 3 
 4 
3.3 Over-Ocean Flight Corridor and the Global Environment 5 
 6 
Because of the potential global effects of testing rockets over the ocean and through the earth’s 7 
atmosphere, this SEA also considers the environmental effects on the global environment in accordance 8 
with the requirements of Executive Order (EO) 12114, Environmental Effects of Major Federal Actions, 9 
and DODD 6050.7, Environmental Effects Abroad of Major Department of Defense Actions.  Although 10 
unlikely to occur, flight termination also is discussed briefly.  This section describes the baseline 11 
conditions within the Pacific over-ocean flight corridor (Figure 3-1) that may be affected by the proposed 12 
MMIII ERFT activities. 13 
 14 
Rationale for Environmental Resources Analyzed 15 
 16 
For purposes of this analysis, the ROI is focused primarily on the MMIII ERFT missile flight test corridor 17 
over the central North Pacific Ocean, downrange along the launch vehicle flight path, about 6,000 nm 18 
(11,112 km) off the CA coast to the vicinities of the Guam, Micronesia, and Palau EEZs, and to 19 
international waters, where missile component drop zones and sonic booms typically would occur.  20 
Impacts of the first and second stage rocket motors dropping within 200 nm (370 km) of the CA coast and 21 
associated sonic booms also occurring within 25 nm (46 km) of the CA coast following a launch are 22 
evaluated in the MMIII SEA [in progress] and are not repeated here.  Because of the limited scope of the 23 
Proposed Action in the over-ocean flight corridor, the global atmosphere, health and safety, and the 24 
biological resources within the North Pacific Ocean were the only resource areas analyzed.  Water quality 25 
and noise were included in the biological resources analysis to account for potential impacts on marine 26 
life.  Other environmental resources within the ROI were not evaluated in this SEA because: (1) effects 27 
would be limited to the over-ocean flight corridor, thus, there is no potential for impacts to cultural 28 
resources, land use, soils, and groundwater; and (2) since the ROI is well removed from population 29 
centers, no impacts to socioeconomics, utilities, waste management, or transportation are anticipated, nor 30 
are environmental justice (Executive Order 12898, Federal Actions to Address Environmental Justice in 31 
Minority Populations and Low-Income Populations) concerns expected. 32 
 33 
3.3.1 Global Atmosphere 34 


 35 
3.3.1.1 Stratospheric Ozone Layer 36 
 37 
The stratosphere, which extends from 6 mi (10 km) to approximately 30 mi (50 km) in altitude, contains 38 
the Earth’s ozone layer (National Oceanic and Atmospheric Administration [NOAA], 2008).  The ozone 39 
layer plays a vital role in absorbing harmful ultraviolet radiation from the sun.  Over the last 20 years, 40 
anthropogenic (human-made) gases released into the atmosphere—primarily chlorine related 41 
substances—have threatened ozone concentrations in the stratosphere which filter harmful ultraviolet 42 
sunlight.  Such materials include chlorofluorocarbons (CFCs), which have been widely used in electronics 43 
and refrigeration systems, and the lesser-used halons, which are extremely effective fire extinguishing 44 
agents.  Once released, the motions of the atmosphere mix the gases worldwide until they reach the 45 
stratosphere, where ultraviolet radiation releases their chlorine and bromine components. 46 
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1 
Figure 3-1  Representative Over-Ocean Flight Corridors 2 


 3 
Through global compliance with the 1987 Montreal Protocol on Substances that Deplete the Ozone Layer 4 
and amendments, the worldwide production of CFCs and other ozone-depleting substances has been 5 
drastically reduced and banned in many countries.  A continuation of these compliance efforts is expected 6 
to allow for a slow recovery of the ozone layer (World Meteorological Organization [WMO], 2010). 7 
 8 
3.3.2 Health and Safety 9 
 10 
Air Force Policy Directive 91-2 (Safety Programs) (USAF, 2012b) establishes the key USAF safety 11 
policies and describes success-oriented feedback and performance metrics to measure policy 12 
implementation.  Final responsibility and authority for the safe conduct of ballistic and space vehicle 13 
operations belongs to the 30th SW Commander.  Establishing and managing the overall safety program is 14 
the responsibility of the 30th SW Safety Office.  Range safety policy requirements for ballistic and space 15 
vehicle operations are defined in Eastern and Western Range (EWR) 127-1 (Range Safety Requirements) 16 
(USAF, 1997).  The Air Force Space Command (AFSPC) Manual 91-710 (Range Safety User 17 
Requirements) (USAF, 2011) establishes range safety policy, and defines requirements and procedures for 18 
ballistic and space vehicle operations at Vandenberg AFB.  Over-ocean launches must comply with DOD 19 
Instruction 4540.01 (Use of International Airspace by US Military Aircraft and for Missile/Projectile 20 
Firings) (DOD, 2007). 21 
 22 
For MMIII ERFT flight tests, 30 SW Office at Vandenberg AFB provides range support for the over-23 
ocean flight corridor, and 30 SW/RTS at USAKA and the NMIS ship provide range support for the 24 
terminal phase of flight.  Health and Safety for MMIII missile launches were evaluated in the MMIII SEA 25 
(Section 3.1 Vandenberg Air Force Base, 3.1.3 Health and Safety) [in progress]; that evaluation also is 26 
applicable for the MMIII ERFT launches.  Thus, the ROI for health and safety focuses on public notices 27 
and potential flight termination, and includes consideration of DOD, LLNL, and contractor personnel, and 28 
the general public.29 
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High-altitude jet routes crisscross the North Pacific Ocean.  Since the airspace over the over-ocean flight 1 
path and proposed impact areas is international, the procedures of the International Civil Aviation 2 
Organization (ICAO) are followed, as outlined in ICAO Document 4444- RAC/501, Rules of the Air and 3 
Air Traffic Services (ICAO, 1996).  Air Traffic Service outside US airspace is provided in accordance 4 
with Article 12, Rules of the Air, and Annex 11, Air Traffic Regulations and Air Traffic Services, of the 5 
ICAO Convention.  The Federal Aviation Administration (FAA) acts as the US agent for aeronautical 6 
information to the ICAO. (USASMDC/ARSTRAT, 2003) 7 
 8 
Safety procedures and practices for all MMIII test flights are well developed and regularly in use.  As part 9 
of standard procedures commercial and private aircraft and watercraft are notified of all the hazard areas 10 
along the flight path several days prior to launch through a NOTAM and a NOTMAR, respectively.  The 11 
NOTAM and NOTMAR are published and circulated by 30 SW/RTS in accordance with 30 SWI 91-104 12 
(Operations Hazard Notice) to warn personnel to avoid hazard areas within international airspace and 13 
waters. (USASMDC/ARSTRAT, 2003) 14 
 15 
The 30 SW Safety Office conducts a comprehensive safety analysis prior to each launch to determine 16 
specific missile launch and flight hazards to ensure populated areas, critical range assets, and civilian 17 
property susceptible to damage are outside predicted impact/debris limits.  As part of this analysis, risks 18 
to off-base areas and non-participating aircraft, sea vessels, and personnel are determined.  These actions 19 
include a review of flight trajectories and hazard area dimensions, and review and approval of destruct 20 
systems.  The results of this analysis are used to identify the launch hazard area, expended booster drop 21 
zones, post-boost vehicle impact areas, and terminal hazard areas for the RVs.  Criteria used to determine 22 
debris hazard risks are in accordance with the Range Commanders Council (RCC) Standard 321-10, 23 
Common Risk Criteria Standards for National Test Ranges. 24 
 25 
A flight termination boundary along the MMIII ERFT missile over-ocean flight path also is 26 
predetermined, should a missile malfunction or flight termination action occur.  The flight termination 27 
boundary defines the limits at which command flight termination would be initiated in order to contain 28 
the missile and its debris within predetermined hazard and warning areas, thus minimizing the risk to test 29 
support personnel and the general public.  Flight corridors are designed to avoid inhabited areas.  Should 30 
a MMIII missile head off course or should other problems occur during flight, the Missile Flight Control 31 
Officer would activate the destruct package on the missile.  This would stop the vehicle’s forward thrust 32 
and the missile would then reenter ballistically along a descending trajectory into the ocean.  The 33 
probability for an aborted MMIII ERFT flight to occur is extremely low. 34 
 35 
3.3.3 Biological Resources 36 
 37 
Native or naturalized vegetation, wildlife, and the habitats in which they occur collectively are referred to 38 
as biological resources.  Since the potential impacts would occur in the marine environment, existing 39 
information on marine wildlife species and habitat types in the vicinity of the proposed impact areas was 40 
reviewed, with special emphasis on the presence of any species listed as candidate, threatened, or 41 
endangered by Federal and other governmental applicable agencies, to assess their sensitivity to the 42 
effects of the No-action Alternative and Proposed Action.  These species are discussed in Section 3.4.2.  43 
The affected environment for the global atmosphere and the over-ocean flight would be similar in nature. 44 
 45 
Noise and Biological Resources 46 
In the marine environment, there are many different sources of noise, both natural and anthropogenic 47 
(man-made).  Biologically produced sounds include whale songs, dolphin clicks, and fish vocalizations.  48 
Natural geophysical sources include wind-generated waves, earthquakes, precipitation, and lightning 49 
storms.  Anthropogenic sounds are generated by a variety of activities, including commercial shipping, 50 
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geophysical surveys, oil drilling and production, dredging and construction, sonar systems, DOD test 1 
activities and training maneuvers, and oceanographic research (USAF, 2006b). 2 
 3 
Noise most often is defined as unwanted sound heard by people or wildlife and that interferes with normal 4 
activities or otherwise diminishes the quality of the environment.  Sources of noise may be transient (e.g., 5 
a passing train or aircraft), continuous (e.g., heavy traffic or air conditioning equipment), or impulsive 6 
(e.g., a sonic boom or a pile driver).  Sound waves traveling outward from a source exert a sound pressure 7 
measured in decibels (dB).  The greatest sound pressure level recorded during a specific period of time is 8 
termed the peak sound pressure level, further qualified as weighted or unweighted (i.e., unfiltered).  Peak 9 
sound values can be so short in duration and at such a frequency that they are missed by the human ear. 10 
 11 
While measurements for sound pressure levels in air are referenced to 20 microPascals (µPa), underwater 12 
sound levels are normalized to 1 µPa, a standard used in underwater sound measurement.  This 13 
convention would make a sound in air referenced to 20 µPa effectively shift 26 dB when described in 14 
water referenced 1 µPa.  Within the ROI, some of the loudest underwater sounds generated are most 15 
likely to originate from storms, ships, and some marine mammals.  The sound of thunder from a nearby 16 
lightning strike can have source levels of up to 260 dB (referenced [re] 1 µPa) underwater.  A passing 17 
supertanker can generate up to 190 dB (re 1 µPa) of low frequency sound.  For marine mammals, 18 
odontocetes such as dolphins are known to produce brief echolocation signals over 225 dB (re 1 µPa), 19 
while mature sperm whale clicks have been calculated as high as 232 dB (re 1 µPa) (USAF, 2006b).  20 
Baleen whales (mysticetes) such as blue whales are known to produce calls as loud as 188 dB (re 1 µPa) 21 
(Cummings and Thompson, 1971). 22 
 23 
3.4 Proposed Impacts Areas – Broad Ocean Areas of the Pacific Ocean 24 
 25 
Rationale for Environmental Resources Analyzed 26 
 27 
For the MMIII extended range flight test activities within the EEZs of Guam, Micronesia, and Palau, and 28 
within international waters, air quality, biological resources, health and safety, hazardous materials and 29 
waste management, and noise are the only resource areas analyzed.  Water quality also was included in 30 
the biological resources analysis to account for potential impacts on marine life.  Other resource topics 31 
were not analyzed further in this area because:  (1) the Proposed Action requires no ground-disturbing 32 
activities, thus no impacts to soils would be expected; (2) mostly existing DOD, LLNL, and contractor 33 
personnel would be involved, thus, there are no socioeconomic concerns; (3) through avoidance of high 34 
altitude jet routes (USASMDC/ARSTRAT, 2007) and the application of existing range safety procedures, 35 
there would be no major impacts on airspace; and (4) the Proposed Action is similar to current MMIII 36 
operations.  As a result, there would be no adverse effects on land use, utilities, solid waste management, 37 
or transportation. 38 
 39 
Climate 40 
The tropical zone is defined as the area approximately between 23.5° North (N) and South (S) latitude 41 
(measured from the Equator).  The subtropical regions are the climatic zones typically found adjacent to 42 
the tropics, usually between 23.5° and 40° latitude in both hemispheres.  Temperate latitudes of the globe 43 
lie between where the tropics and where the polar regions are located, generally between at 23.5° and 66° 44 
N and S, and are inclusive of the subtropical regions. 45 
 46 
The climate for the proposed impacts areas generally is tropical, where there is little seasonal change in 47 
either temperature or rainfall.  Slightly greater day-night differences in temperature and seasonal variation 48 
in temperature and rainfall occur closer to Guam, which is located about six degrees latitude farther north 49 
from the Equator than Palau.  The tropical climate is tempered by trade winds and ocean currents flowing 50 
across the Pacific Ocean, three of which converge near Palau.  Daily temperatures range between 70° and 51 
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90°F (20° and 30°C).  There is a dry season roughly within the first half of each calendar year followed 1 
by a wet season punctuated by typhoons (CIA, 2012; Wolanski & Furukawa, 2007). 2 
 3 
Ocean Characteristics 4 
The Pacific Ocean is the largest of the world’s 5 
oceans, larger than all of the Earth's land area 6 
combined, and is subdivided by the equator into 7 
the North Pacific Ocean and South Pacific 8 
Ocean.  Within the North latitudes (N, north of 9 
the Equator), there are broad expanses of ocean 10 
without land areas and other areas scattered with 11 
archipelagos (small chains of islands).  For the 12 
purposes of this SEA, the BOAs of the Pacific 13 
Ocean are defined as those areas with a minimum 14 
water depth of 500 ft (152 m) that generally are 15 
more than 35 nm (65 km) from inhabited islands.  16 
The proposed target areas are within the western 17 
portion of the North Pacific Ocean (Figure 3-2). 18 
 19 
The general composition of the ocean includes 20 
sodium chloride, dissolved gases, minerals, and 21 
nutrients.  These components determine and 22 
direct the interactions between the seawater 23 
and its inhabitants.  The most important chemical    Figure 3-2  Proposed Impact Areas in BOAs 24 
and physical chemical properties of the waters of                            of the Pacific Ocean 25 
the broad open ocean areas of the Pacific are  26 
salinity, density, temperature, pH, and the concentration of dissolved gases. 27 
 28 


• Salinity is approximately 35 parts of salt per 1,000 parts of seawater. 29 
• The temperature of the seawater generally is at 39.2°F (4°C). 30 
• The pH of surface waters generally is neutral or slightly basic at a pH between 8.1 and 8.3. 31 
• The oxygen content of the seawater is variable, depending on plant production, consumption by 32 


animals and plants, bacterial decomposition, and surface interactions with the atmosphere. 33 
• Carbon dioxide is 60 times more concentrated in seawater than it is in the atmosphere. 34 


 35 
Water quality in the open ocean is excellent, with high water clarity, low concentrations of suspended 36 
matter, dissolved oxygen concentrations at or near saturation, and low concentrations of contaminants 37 
such as trace metals and hydrocarbons (USN, 1998). 38 
 39 
Ocean Sediments 40 
Because a relatively small land area drains into the Pacific, and because of the ocean’s immense size, 41 
most sediments are authigenic (formed at the site) or pelagic (clay and shell fragments that settle through 42 
the water column) in origin.  Terrigenous sediments (formed by erosion) are confined to narrow marginal 43 
bands close to land (USAF, 2006a). 44 
 45 
Regional Geology 46 
The floor of the Pacific Ocean is relatively uniform, with a mean depth of about 14,000 ft (4,270 m).  The 47 
major irregularities are extremely steep-sided, flat-topped submarine peaks known as seamounts.  The 48 
western part of the sea floor consists of mountain arcs that rise above the sea as island groups, such as the 49 
Solomon Islands and New Zealand, and deep trenches (USAF, 2006a).  The Philippine Sea Plate, situated 50 
west of the Marianas Islands in the Pacific Ocean, is surrounded by deep-sea trenches associated with 51 
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subducted tectonic slabs.  The Yap Trench constitutes a link between the Palau Trench, located east of 1 
Palau, and the Mariana Trench, a deep plate subduction zone that lies to the east along the Marianas 2 
Islands archipelago (Figure 3-3). 3 
The Mariana Trench contains some of the 4 
deepest known points in the global ocean 5 
and is recognized as the oldest place 6 
geologically on the floor of any ocean on 7 
earth (USFWS, 2012).  Guam, at the 8 
southern end of the Marianas Islands, sits at 9 
the edge of the overlap between the 10 
Philippine Sea Plate and the Pacific Plate.  11 
The Palau islands are the southern 12 
extension of the Kyushu-Palau Ridge, 13 
which trends north-to-south through the 14 
Philippine Sea Plate (Kobayashi, 2004). 15 
The Pacific Plate and West Caroline Basin 16 
are subducting beneath the Mariana and 17 
Yap trenches (Srdolias et al., 2004). 18 
 19 
The geologic origins of the Marianas 20 
Islands, which include Guam, are volcanic 21 
with uplift of surrounding coralline 22 
limestone (NAVFAC, 2010).  The islands 23 
of the State of Yap in Micronesia are 24 
composed mainly of uplifted metamorphic 25 
rocks derived from melange (extremely 26 
large, mappable-sized rocks) trapped in the 27 
Yap Trench and of volcanic rocks (Nedachi 28 
et al., 2001).  The islands of Palau  29 
originated within the Kyushu-Palau Ridge,  Figure 3-3  Tectonic Features With Directional Plate 30 
which includes a chain of extinct volcanoes       Movements Near the Proposed Impact Areas 31 
and uplifted coral. 32 
 33 
Protected Areas (Marine Sanctuaries and National Wildlife Refuges) 34 
Several marine sanctuaries are located near the proposed impacts sites: 35 
 36 


• Mariana Trench National Marine Monument and Wildlife Refuge, located east of the southern 37 
Mariana Islands 38 


• Micronesian Regional Shark Sanctuary, spans approximately 2 million square miles (5 million 39 
square km), consisting of the territorial waters of all Micronesian islands involved in an agreement 40 
including Micronesia, Territory of Guam, Palau, and the Northern Marianas and Marshall Islands.  41 
It became the world’s largest shark finning sanctuary in December 2012. 42 


• Pohnpei Marine Sanctuary and Wildlife Refuge, comprises eleven coastal marine sanctuaries 43 
around the island of Pohnpei within the FSM 44 


• Yap Manta Ray Sanctuary, within 12 nm (22 km) of the islands within the State of Yap in 45 
Micronesia 46 


• Palau Marine Mammals Sanctuary, within the EEZ of Palau (Figure 3-4) 47 
 48 
Of the listed protected areas, only the Palau Marine Mammal Sanctuary is within a targeted area for the 49 
MMIII ERFT missile components and has potential for effects from the Proposed Action activities. 50 


51 


PP  aa  cc  ii  ff  ii  cc      PP  ll  aa  tt  ee  


PP  hh  ii  ll  ii  pp  pp  ii  nn  ee    SS  ee  aa    PP  ll  aa  tt  ee  


Source: Kobayashi, 2004 
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3.4.1 Air Quality 1 
 2 
Studies in Pacific locations 3 
have shown seasonal variations 4 
in the concentrations of man-5 
made emissions, consisting of 6 
sulfate, nitrate, and dust.  Each 7 
spring, large quantities of 8 
pollution, aerosols, and mineral 9 
dust are carried eastward out of 10 
Asia and transported over a 11 
broad region of the northern 12 
Pacific Ocean.  Although an 13 
increasing trend in emission 14 
levels was occurring from the 15 
early 1980s to the mid-1990s, a 16 
more recent downward trend 17 
was recorded up through 2000 18 
(Husar, Prospero, and Stowe 19 
1997; Prospero, Olmez, and 20 
Ames, 2001).           Figure 3-4  Palau EEZ / Marine 21 
            Mammal Sanctuary Boundary 22 
 23 
Dominant during much of the year, trade winds effectively disperse air emissions at the proposed impact 24 
areas.  Winds generally are from the northeast at 9 to 16 miles per hour (14.5 to 26 kilometers per hour).  25 
The summer months, however, can bring relatively calm conditions (Windfinder, 2012).  Because of the 26 
lack of air-pollution sources, the dispersal of emissions by trade winds, and the lack of topographic 27 
features that inhibit dispersion, air quality in the BOA is considered excellent.  Unlike the continental US, 28 
tropospheric ozone is not a concern. 29 
 30 
3.4.2 Biological Resources 31 
 32 
Since marine species are the same or similar in all of the proposed impact areas, the discussion will be 33 
combined under one heading.  Species found in individual locations will be included as applicable. 34 
 35 
3.4.2.1 Major Laws and Regulations Governing Marine Biological Resources 36 
 37 
United States 38 
The Endangered Species Act of 1973 (ESA) (16 USC. 1531-1544, 87 Stat. 884, as amended) applies to 39 
Federal actions in two separate respects.  First, Section 7 of the US ESA requires Federal agencies to 40 
ensure proposed actions are not likely to jeopardize the continued existence of threatened or endangered 41 
species or result in the destruction or adverse modification of designated critical habitat.  Regulations 42 
implementing the US ESA require that to avoid this situation of jeopardizing the species' existence, the 43 
Federal agency is required to determine if threatened or endangered species are present in the area 44 
affected by the Proposed Action and consult with either or both of the appropriate resource agencies 45 
(NMFS or USFWS) when the agency proponent determines a Proposed Action may adversely affect a 46 
threatened or endangered species.  Secondly, Section 9 of the US ESA requires Federal agencies to obtain 47 
an incidental take statement from the responsible resource agency should a take (including harm or 48 
harassment) result from implementing the Proposed Action.  The US MMPA (16 USC. 1361, et seq.) 49 
gives the USFWS and NMFS co-authority and outlines prohibitions for the taking of marine mammals.  A 50 
take means to attempt to as well as to actually harass, hunt, capture, or kill any marine mammal.  Subject 51 


Source: PacIOOS, 2012 
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to certain exceptions, the Act establishes a moratorium on the taking and importation of marine mammals.  1 
Exceptions to the taking prohibition allow USFWS and NMFS to authorize the incidental taking of small 2 
numbers of marine mammals in certain instances. 3 
 4 
Guam Territory 5 
Pursuant to Section 6 of the US ESA, a cooperative agreement exists between the Guam Government 6 
Department of Agriculture, Division of Aquatic and Wildlife Resources (DAWR) and the USFWS and 7 
NMFS that provides for funding and implementation of programs for endangered species research and 8 
recovery.  The DAWR administers the Endangered Species Act of Guam (Guam Public Law 15-36:1) and 9 
the Fish, Game, Forestry, and Conservation Act (5 Guam Code Annotated [GCA] 63101-63117), which 10 
mandates control and regulation of fish and game in and about Guam.  The US MMPA protects all marine 11 
mammals found in the waters of Guam.  Other Guam Government resource agencies have specific 12 
mandates in relation to marine mammal conservation.  The Bureau of Statistics and Plans administers the 13 
Guam Coastal Management Plan through the Coastal Zone Management Act of 1972 (Guam Public Law 14 
92-583 and Public Law 94-370).  It guides the use, protection, and development of land and ocean 15 
resources within the coastal zone, which includes all non-federal property and all submerged lands and 16 
waters out to 3 nm (6 km) from the shoreline. 17 
 18 
Federated States of Micronesia 19 
Pursuant to the Constitution of the FSM in Article 1, FSM asserts marine jurisdiction of 200 nm (370 km) 20 
outward from its baselines.  FSM shares maritime boundaries with the ROP, Papua New Guinea, 21 
Republic of the Marshall Islands, and the US (Guam).  Article IX expressly empowers the National 22 
Government to regulate natural resources beyond the territorial seas and throughout the FSM EEZ.  Under 23 
the FSM COFA with the US, the US shall apply the NEPA to its activities under the Compact and its 24 
related agreements as if the FSM were the US. 25 
 26 
Republic of Palau 27 
Under Article 1 of the Constitution of the ROP, the National Government asserts marine jurisdiction of 28 
200 nm (370 km) outward from its baselines (i.e., within the EEZ).  The National Government is 29 
responsible for marine conservation extending throughout its EEZ.  Section 163(a) of the COFA with the 30 
US requires the US to apply environmental standards substantively similar to those in effect on the day 31 
proceeding the effective date of the COFA.  However, MMIII testing activities do not rise to the level of 32 
those requiring an EIS and thus Section 163 does not apply. 33 
 34 
3.4.2.2 Noise and Biological Resources 35 
 36 
The affected noise environment in the BOA would be similar in nature and overall level as that described 37 
in Section 3.3.3, however more widespread.  Natural noise sources include waves, earthquakes, 38 
precipitation, and lightning storms, whereas manmade source include commercial shipping, sonar 39 
systems, DOD test activities and training maneuvers, and oceanographic research (USAF, 2006b).  The 40 
sound of thunder, one of the loudest sounds expected here, can register up to 120 dB (Vavrek et al., 41 
2008). 42 


43 
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3.4.2.3  Biological Species 1 
 2 
The biological resources potentially in the BOA ROI are described below.  Pelagic organisms are those 3 
living at or near the surface, free floating in the open ocean; benthic organisms dwell on the ocean floor.  4 
Planktonic species (drifting microscopic organisms) also are located in the ROI but because of their 5 
abundance, their wide distribution, and the protective influence of the mass of the Pacific Ocean around 6 
them, they are unlikely to be affected by the Proposed Action and therefore are not described.  The ROI 7 
for open ocean species includes the areas of the Pacific Ocean 12 nm (22 km) beyond the closest shore to 8 
the proposed impact areas.  The species occurrences and descriptions are applicable to Guam, Micronesia, 9 
Palau, and the regional open ocean.  Table 3-1 provides a list of marine species protected under the US 10 
ESA and US MMPA (“Listed”) known or expected to occur within the ROI. 11 
 12 


Table 3-1  Listed Species Known or Expected to Occur within the Proposed Impact Areas 
Scientific Name Common Name Federal Status 


Fish   


Sphyrna lewini Scalloped hammerhead shark C 


Reptiles   


Chelonia mydas Green sea turtle T 


Eretmochelys imbricata Hawksbill sea turtle E 
Dermochelys coriacea Leatherback sea turtle E 


Caretta caretta Loggerhead sea turtle* E 


Lepidochelys olivacea Olive ridley sea turtle T 


Mammals   


Balaenoptera musculus Blue whale E 


Balaenoptera physalus Fin whale E 


Megaptera novaengliae Humpback whale E 


Balaenoptera borealis Sei whale E 


Physeter macrocephalus Sperm whale E 


Pseudorca crassidens False killer whale C 


Berardius bairdi Blainville’s beaked whale MMPA 


Tursiops truncatus Bottlenose dolphin MMPA 


Balaenoptera edeni Bryde's whale MMPA 


Ziphius cavirostris Cuvier's beaked whale MMPA 


Phocoenoides dalli Dall’s porpoise MMPA 


Kogia sima Dwarf sperm whale MMPA 


Lagenodelphis hosei Fraser’s dolphin MMPA 


Mesoplodon ginkgodens Ginkgo-toothed beaked whale MMPA 


Orcinus orca Killer whale MMPA 


Indopacetus pacificus Longman’s beaked whale MMPA 


Peponocephala electra Melon-headed whale MMPA 


Balaenoptera acutorostrata Minke whale MMPA 


Lagenorhynchus obliquidens Pacific white-sided dolphin MMPA 


Stenella attenuata Pantropical spotted dolphin MMPA 


Feresa attenuata Pygmy killer whale MMPA 
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Kogia breviceps Pygmy sperm whale MMPA 


Grampus griseus Risso's dolphin MMPA 


Steno bredanensis Rough-toothed dolphin MMPA 


Delphinus delphinus Short-beaked common dolphin MMPA 


Globicephala macrorhynchus Short-finned pilot whale MMPA 


Stenella longirostris Spinner dolphin MMPA 


Stenella coeruleoalba Striped dolphin MMPA 
Source: NMFS, 2012; Commander, US Pacific Fleet, Executive Agent, 2010 1 
Key to Federal Status: C = Candidate; T = Threatened; E = Endangered; MMPA = Protected Under the US Marine Mammal Protection Act 2 
* Endangered as part of the North Pacific Ocean Distinct Population Segment 3 
 4 
Fish 5 
In the Pacific Ocean, some of the most common pelagic fish include swordfish, tuna, billfish, mahi mahi, 6 
and oceanic shark.  Marlin, sailfish, and spearfish species are abundant in the open ocean.  Knowledge of 7 
the status of most large pelagic fishes is poor because of these species’ wide migratory ranges and the 8 
absence of a Pacific wide international organization to monitor stocks (Commander, US Pacific Fleet, 9 
Executive Agent, 2010).  In general, the western portion of the Pacific Ocean tends to have a lower 10 
incidence of fully exploited, overexploited, depleted, or recovering fish stocks, and a prevalence of 11 
underexploited or moderately exploited stocks.  This region also has a high incidence of stocks whose 12 
state of exploitation is unknown or uncertain and for which overall production estimates are consequently 13 
less reliable.  NOAA Fisheries, regional Fishery Management Councils, and Federal and state agencies in 14 
the US work together to address these threats by identifying Essential Fish Habitat (EFH) for each US 15 
Federally managed fish species and developing conservation measures to protect and enhance these 16 
habitats.  An EFH encompasses all habitats that contribute to the health, life, and reproduction of a given 17 
fish species. 18 
 19 
The cartilaginous fishes are important parts of the marine ecosystem, and many species are top predators.  20 
The cartilaginous fishes, or elasmobranchs, include sharks and rays and their relatives.  While there have 21 
been some studies on their hearing, there have not been extensive studies.  Available data suggests 22 
detection of sounds from 0.02 to 1 kilohertz (kHz), with best sensitivity at lower ranges.  Though fewer 23 
than ten elasmobranch species have been tested for hearing thresholds, it is likely all elasmobranchs only 24 
detect low frequency sounds because they lack a swim bladder or other pressure detector to amplify 25 
sound, allowing detection at higher sound frequencies and at lower sound levels.  At the same time, the 26 
ear in a number of elasmobranch species whose hearing has not been tested is very large with numerous 27 
sensory hair cells.  Thus, it is possible future studies will demonstrate somewhat better hearing in those 28 
species than is now known (Popper, 2008). 29 
 30 
There also is evidence elasmobranchs can detect and respond to human-generated sounds.  Myrberg and 31 
colleagues did experiments in which they played back sounds and attracted a number of different shark 32 
species to the sound source.  The results of these studies showed sharks were attracted to pulsed low-33 
frequency sounds (below several hundred Hertz [Hz]), in the same frequency range of sounds as might be 34 
produced by struggling prey (or divers in the water).  However, sharks are not known to be attracted by 35 
continuous signals or higher frequencies (Popper, 2008). 36 
 37 
Scalloped Hammerhead Shark (Sphyrna lewini) 38 
The scalloped hammerhead shark is currently a candidate species for listing under the US ESA.  The 39 
following information comes from the 11 August 2011 petition for listing for this species, “Petition To 40 
List the Scalloped Hammerhead Shark (Sphyrna lewini) Under the US Endangered Species Act Either 41 
Worldwide or as One or More Distinct Population Segments”. (WildEarth Guardians and Friends of 42 
Animals, 2011) 43 
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The scalloped hammerhead is the second largest hammerhead shark, with a maximum total length of 1 
about 12 to 14 ft (4 to 4.3 m).  The scalloped hammerhead shark can be distinguished from other 2 
hammerheads by its unique head.  The scalloped hammerhead shark has a central indentation of the head, 3 
followed by two more, one on each side of the center which gives the hammer-shaped head a “scalloped” 4 
appearance. (WildEarth Guardians and Friends of Animals, 2011) 5 
 6 
The scalloped hammerhead shark is a long-lived species, with the oldest known individuals estimated at 7 
30.5 years for both males and females.  Female scalloped hammerhead sharks move inshore to give birth 8 
during summer months.  Predation on the pups is high, primarily by other sharks and adult scalloped 9 
hammerhead sharks, perhaps explaining the species’ larger litter size relative to other sharks.  Despite its 10 
relatively high reproductive rate, the species struggles to recover from exploitation compared to other 11 
shark species. (WildEarth Guardians and Friends of Animals, 2011) 12 
 13 
The scalloped hammerhead shark is a coastal and semi-oceanic pelagic shark.  It is found over continental 14 
and insular shelves, as well as ranging into adjacent deep water.  Scalloped hammerhead sharks range 15 
from intertidal inshore areas and estuaries to offshore waters up to depths of 900 ft (274 m).  Juveniles 16 
live in inshore areas, migrating out to deeper waters as they grow.  Adults are known to aggregate at 17 
seamounts and islands.  Adults occur alone, in pairs, or in small schools, while juveniles gather in large 18 
schools.  Exact estimates of the global population of scalloped hammerhead sharks do not exist. 19 
(WildEarth Guardians and Friends of Animals, 2011) 20 
 21 
The scalloped hammerhead shark lives in temperate and tropical seas along coastal zones and in deep 22 
water adjacent to them.  Scalloped hammerhead sharks rarely venture into waters cooler than 72°F 23 
(22°C).  Known populations in the western portion of the Pacific Ocean occur in Thailand, Vietnam, 24 
Indonesia, China, Japan, Philippines, Australia, and New Caledonia.  Scalloped hammerhead sharks in the 25 
Pacific and Indian Oceans may comprise one Distinct Population Segment (DPS) each. (WildEarth 26 
Guardians and Friends of Animals, 2011) 27 
 28 
Fishing, both historic and current, is the main cause of depleted scalloped hammerhead shark populations. 29 
The shark has a very high commercial value, especially its fins, which, when combined with its slow rate 30 
of reproduction, makes the species highly vulnerable to exploitation.  While scalloped hammerhead 31 
sharks are mainly valued for their fins, the species also is economically valuable for other reasons.  The 32 
shark’s flesh is sold in various forms as food, the hides are valued, and the remainder is used for vitamins 33 
and fishmeal. (WildEarth Guardians and Friends of Animals, 2011) 34 
 35 
The US already has recognized the need to protect the scalloped hammerhead shark against 36 
overutilization.  Recently, the United States and Palau submitted a proposal to place three species of 37 
hammerhead shark on the Endangered Species list, including the scalloped hammerhead, under 38 
Convention on International Trade in Endangered Species (CITES).  However, the proposal was not 39 
ratified since it failed to receive a required two-thirds majority vote from CITES signatories.  40 
Nevertheless, the proposal indicates the US has recognized overutilization is a threat to the scalloped 41 
hammerhead shark and existing regulatory mechanisms are inadequate to conserve the species. 42 
(WildEarth Guardians and Friends of Animals, 2011) 43 
 44 
Sea Turtles 45 
Information in this section is taken from the Recovery Plan for US Pacific Populations of the Green 46 
Turtle (NMFS and USFWS, 1998a), Green Sea Turtle (Chelonia mydas) 5-Year Review: Summary and 47 
Evaluation (NMFS and USFWS, 2007), and Recovery Plan for US Pacific Populations of the Hawksbill 48 
Turtle (Eretmochelys imbricata) (NMFS and USFWS, 1998b), Hawksbill Sea Turtle (Eretmochelys 49 
imbricata) 5-Year Review: Summary and Evaluation (NMFS and USFWS, 2007), unless otherwise noted. 50 
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Sea turtles are long-lived reptiles found throughout the world’s tropical, subtropical, and temperate seas 1 
(Caribbean Conservation Corporation and Sea Turtle Survival League, 2003).  There are seven living 2 
species of sea turtles from two distinct families, the Cheloniidae (hard-shelled sea turtles; six species) and 3 
the Dermochelyidae (leatherback sea turtles; one species).  These two families can be distinguished from 4 
one another on the basis of their carapace (upper shell) and other morphological features.  Six of the 5 
seven living species of sea turtles occur in the US; five of the seven are known to occur in the subtropical 6 
seas of the Pacific Ocean: loggerhead (Caretta caretta), leatherback (Dermochelys coriacea), green 7 
(Chelonia mydas), olive ridley (Lepidochelys olivacea), and hawksbill (Eretmochelys imbricata).  Table 8 
3-1 provides a list of sea turtles potentially in the proposed impact areas.  Sea turtles are an important 9 
marine resource; they provide economic, non-use value to humans (Witherington and Frazer, 2003).  10 
Over the last few centuries, global sea turtle populations have declined dramatically due to human-related 11 
activities such as coastal development, oil exploration, commercial fishing, marine-based recreation, 12 
pollution, and over-harvesting (National Research Council, 1990; Eckert, 1995).  As a result, all of the 13 
species of sea turtles occurring in the US and in the subtropical Pacific Ocean are listed as threatened or 14 
endangered and are discussed below.  Most available data are associated with tropical islands, not the 15 
open ocean where proposed impacts are targeted. 16 
 17 
Green sea turtle (Chelonia mydas) 18 
The US Federally and internationally protected threatened green sea turtle is the largest-sized member of 19 
the marine turtle family Cheloniidae and is found throughout the Pacific, Indian, and Atlantic Oceans and 20 
the Mediterranean Sea.  Green sea turtles are distinguished from other sea turtles by their smooth 21 
carapace with four pairs of lateral scutes, a single pair of prefrontal scutes, and a coarsely serrated lower 22 
jaw edge.  Adult green sea turtles may weigh more than 220 lb (99 kg) and exceed three ft (1 m) in 23 
carapace length.  The common name of this species refers to the green color of its subdermal fat.  The 24 
carapace color of adult green sea turtles ranges from light to dark brown, sometimes with an olive cast, 25 
radiating or wavy lines, and/or dark blotches. 26 
 27 
Throughout their range, adult green sea turtles typically are resident in foraging areas (e.g., seagrass or 28 
macro-algae habitats of less than 650 ft [200 m] depths).  Periodically, turtles migrate long distances to 29 
breeding areas.  Based on growth rates observed in wild green sea turtles, females are thought to reach 30 
sexual maturity at 25 years of age or later.  Reproductive females generally nest every year but may skip 31 
years.  Adult males may migrate and breed every year. 32 
 33 
Green sea turtles prefer areas where surface water temperatures are no lower than about 68°F (20°C) in 34 
the coldest month; for example, during warm spells (e.g., EI Niño) green sea turtles may be found 35 
considerably north of their normal distribution.  Based on the behavior of post-hatchlings and juveniles 36 
raised in captivity, it is presumed those in pelagic habitats live and feed at or near the ocean surface, and 37 
that their dives do not normally exceed several feet in depth (NMFS and USFWS, 1998a). 38 
 39 
The green sea turtle is a circumglobal species found in tropical seas and, to a lesser extent, in subtropical 40 
waters with temperatures above 68°F (20°C).  Worldwide distribution has been described at length.  The 41 
pelagic range of post-hatchling and juvenile green sea turtles in the insular Pacific region is not known.  A 42 
similar situation exists for all sea turtle populations worldwide.  There are three inherent problems which 43 
impede research of pelagic-phase sea turtles.  First, the whereabouts of the sea turtles are not known, 44 
although generally they are assumed to be at or near the ocean surface along drift lines where surface 45 
waters are brought together by advection and downwelling (sinking of cold water).  Secondly, once the 46 
pelagic locations of the sea turtles have been identified, there are problems in devising an efficient and 47 
safe sampling technique for statistically significant numbers of sea turtles to be captured.  Lastly, a means 48 
to determine the origin of the sea turtles with respect to the nesting beaches where they were hatched 49 
would be needed.  Some advances in genetics research already have been made in this area. 50 
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Green turtles are the most abundant sea turtle found throughout the Marianas archipelago.  Importantly, 1 
there are no data to indicate green turtles within the region are in decline.  However, and in contrast, many 2 
green turtle nesting populations in the Atlantic and Pacific Oceans are actually on the increase or stable as 3 
a result of direct conservation action.  Long-term information regarding nesting population trends in 4 
Guam or CNMI is not available.  There is, however, indication the Marianas may provide more important 5 
foraging near shore habitat than nesting.  Aerial surveys conducted by the Guam DAWR indicate the 6 
presence of a year-round resident population in Guam’s nearshore waters (NMFS and USFWS, 1998a).  7 
Aggregations of foraging and resting green turtles are often seen in proximity to Guam’s well-developed 8 
seagrass beds and reef flats, which are found both nearshore and in deeper waters south of Falcona Beach 9 
(near the northwest end of Guam)and at several other locations throughout the island’s shelf 10 
(Commander, US Pacific Fleet, Executive Agent, 2010). 11 
 12 
The primary threats to green turtles at Guam and the CNMI include direct harvesting of sea turtles and 13 
eggs as well as habitat loss due to rapidly expanding tourism, including increased coastal development on 14 
nesting beaches (NMFS and USFWS 1998a).  The size of the green turtle population in the Pacific Ocean 15 
was estimated at about 21,000 adults in 2001 (Commander, US Pacific Fleet, Executive Agent, 2010). 16 
 17 
Hawksbill Turtle (Eretmochelys imbricata)   18 
The hawksbill turtle is listed as endangered under the US ESA.  The hawksbill sea turtles are recognized 19 
by their relatively small size (carapace length less than three ft [0.9 m]), narrow head with tapering beak, 20 
and strongly serrated posterior margin of the carapace and thick, overlapping shell scutes.  A lack of 21 
regular quantitative surveys for hawksbill turtles in the Pacific Ocean and the discrete nature of this 22 
species’ nesting have made it extremely difficult for scientists to assess the distribution and population 23 
status of hawksbills in the region (NMFS and USFWS, 1998b; Seminoff et al., 2003). 24 
 25 
The hawksbill sea turtle is threatened with extinction throughout its range.  It is considered universally 26 
endangered in the International Union for Conservation of Nature (IUCN) Red List and is included in 27 
Appendix 1 of CITES (most endangered).  The hawksbill sea turtle is protected as an endangered species 28 
under the US ESA, for Pacific territories (Guam and American Samoa) and commonwealths (Northern 29 
Marianas Islands) of the United States and for certain independent states, such as the Republic of the 30 
Marshall Islands, Micronesia, and Palau through cooperative agreements. 31 


 32 
The hawksbill sea turtle has the potential to be a long range migrant.  It is likely adult hawksbill sea 33 
turtles will perform regular migratory movements among a preferred nesting beach, a breeding ground, 34 
and a persistent foraging territory.  The distances between these territorial sites vary greatly and appear to 35 
be of random length among individuals.  The geographic proximity of an adult's foraging habitat in 36 
relation to its natal beach is not known, and the same must be said for juveniles as well.  Once a foraging 37 
or nesting site is chosen, hawksbill sea turtles tend to be persistent in the continuing use of that site.  38 
However, hawksbill sea turtles can move long distances, and it possible nesting and foraging animals 39 
observed in such localities as Palau or Saipan have potential home ranges extending throughout the 40 
islands of Micronesia and Melanesia and even the waters of the Philippines, Indonesia, and Australia. 41 
 42 
Leatherback Turtle (Dermochelys coriacea)  43 
Leatherback turtles are listed as endangered under the US ESA and are critically endangered with 44 
extinction in the Pacific Ocean.  The leatherback turtle is the largest-sized living sea turtle.  There are few 45 
quantitative data available concerning the seasonality, abundance, or distribution of leatherbacks in the 46 
North Pacific Ocean.  The leatherback typically is not associated with insular habitats, such as those 47 
characterized by coral reefs, yet individuals occasionally are encountered in deep ocean waters near 48 
prominent archipelagos and their associated reefs, such as the Hawaiian Islands (Eckert, 1993).49 
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The leatherback turtle is distributed worldwide in tropical and temperate waters of the Atlantic, Pacific, 1 
and Indian Oceans.  Recent estimates of global nesting populations indicate 26,000 to 43,000 nesting 2 
females annually, which is a dramatic decline from the 115,000 estimated in 1980.  This is due to 3 
exponential declines in leatherback nesting that have occurred over the last two decades along the Pacific 4 
coasts of Mexico and Costa Rica.  Many populations in the Indian and Pacific Oceans have continued to 5 
decline with recent nesting data from a variety of sources indicating a population of adult females in these 6 
areas numbering less than a few thousand.  About 600 to 650 females nest per year in West Papua 7 
(Commander, US Pacific Fleet, Executive Agent, 2010). 8 
 9 
Throughout their lives, leatherbacks are essentially oceanic, yet they enter into coastal waters for foraging 10 
and reproduction.  There is limited information available regarding the habitats used by hatchling and 11 
early juvenile leatherback turtles as these age classes are entirely oceanic.  These life stages are restricted 12 
to waters greater than 79°F (26°C) and, therefore, they spend much time in tropical waters.  Late juvenile 13 
and adult leatherback turtles are known to range from mid-ocean to continental shelf and nearshore waters 14 
in the Northern Marianas Islands (Commander, US Pacific Fleet, Executive Agent, 2010). 15 
 16 
Of the three sea turtle species sighted around Guam and the Northern Marianas Islands during marine 17 
surveys, the leatherback turtle is the least common (USN, 2003), with only a few occurrence records 18 
existing (Eckert et al., 1999; Wiles et al., 1995).  Recent NOAA satellite tracking of leatherback turtles 19 
departing from nesting habitats in West Papua seem to transit through Marianas Islands Range Complex 20 
(MIRC) waters.  Leatherback turtles do not nest at any of the islands in Micronesia (Commander, US 21 
Pacific Fleet, Executive Agent, 2010). 22 
 23 
Loggerhead Turtle (Caretta caretta)  24 
The loggerhead turtle is a large, hard-shelled sea turtle.  The North Pacific Ocean distinct population 25 
segment is listed as endangered under the US ESA.  The North Pacific loggerhead turtle population nests 26 
exclusively in Japan where a 50 to 90 percent decrease has been documented.  It is probable that fewer 27 
than 1,000 females breed annually in Japan.  Although the nesting trend since 2001 has been upward, the 28 
population continues to face impacts from directed hunting, coastal development, light pollution, beach 29 
armoring, and incidental capture in coastal and pelagic fisheries (Commander, US Pacific Fleet, 30 
Executive Agent, 2010). 31 
 32 
The loggerhead turtle occurs worldwide in temperate and tropical habitats ranging from coastal estuaries 33 
to waters far beyond the continental shelf.  The species may be found hundreds of miles out to sea, as well 34 
as in inshore areas such as bays, ship channels, and the mouths of large rivers.  The juvenile stage and 35 
adult foraging stage both occur in the neritic or nearshore zone.  Coral reefs, rocky places, and shipwrecks 36 
are often used as feeding areas.  The loggerhead turtles in the west Pacific Ocean are active and feed 37 
primarily on the bottom, though prey also is captured throughout the water column.  Tagging data 38 
revealed migratory routes may be coastal or may involve crossing deep ocean waters; an oceanic route 39 
may be taken even when a coastal route is an option (Commander, US Pacific Fleet, Executive Agent, 40 
2010). 41 
 42 
Pacific loggerhead turtles appear to use the entire North Pacific Ocean during the course of development, 43 
much like Atlantic loggerheads use the north Atlantic Ocean.  There is evidence both stocks make two 44 
separate transoceanic crossings: the first (west to east) is made immediately after hatching, while the 45 
second (east to west) is made upon reaching either the late juvenile or adult life stage.  Occurrences of this 46 
species are documented in the waters off Palau and the Philippines (Commander, US Pacific Fleet, 47 
Executive Agent, 2010).48 
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Olive Ridley Turtle (Lepidochelys olivacea) 1 
The olive ridley turtle, named for its olive green-colored shell, is listed as threatened under the US ESA, 2 
except for the Mexican nesting population, which is listed as endangered.  Even though there are no 3 
current estimates of worldwide abundance, the olive ridley turtle is still considered the most abundant of 4 
the world’s sea turtles.  However, the number of olive ridley turtles occurring in US territorial waters is 5 
believed to be small. (NMFS and USWS, 1998c) 6 
 7 
The olive ridley is mainly a pelagic sea turtle, but it has been known to inhabit coastal areas, including 8 
bays and estuaries.  Olive ridley turtles mostly breed annually and have an annual migration from pelagic 9 
foraging to coastal breeding and nesting grounds and back to pelagic foraging.  Population growth rate 10 
parameters calculated for the primary nesting site of Mexico indicate a negligible risk of extinction over 11 
the next several decades, given that current conservation practices are continued (Snover, 2005).  Trans-12 
Pacific ships have observed olive ridley turtles over 2,400 mi (4,000 km) from shore.  Only one olive 13 
ridley record exists for Guam and the Northern Marianas Islands, an alleged capture in the waters near 14 
Saipan.  The exact location of this capture is unknown.  In-water sightings of this species have occurred 15 
within the Yap and Palau vicinities. (Commander, US Pacific Fleet, Executive Agent, 2010) 16 
 17 
Marine Mammals 18 
This section provides information about marine mammals that may reside in, or transit through, the 19 
general region of the proposed impact sites.  Marine mammals include a diverse assemblage of animals 20 
uniquely adapted for life in the sea.  Cetaceans (whales, dolphins, and porpoises) commonly are divided 21 
into two groups: those with teeth for grasping prey (odontocetes), and those that use baleen to filter prey 22 
from seawater (mysticetes).  Pinnipeds (seals and sea lions) are somewhat less marine-adapted in that they 23 
routinely haul out onto land to breed and molt; consequently, they are not included in the analysis.  24 
Mustelids (sea otters) also are not likely to be found in the impact areas and are not included in this 25 
analysis.  Twenty-six species of marine mammals occur in the western portion of the Pacific Ocean, with 26 
three as strays, and two restricted to the subarctic and transitional waters of the northern Pacific, occurring 27 
only within the region at the northern-most Hawaiian Ridge seamounts and islands (USGS, 2003). 28 
 29 
All marine mammals are protected from take in US waters or by US citizens in international waters by the 30 
US Marine Mammal Protection Act (MMPA; 16 USC 1361 et seq.).  Additionally, several marine 31 
mammal species occurring in the project area are US ESA-listed candidate, threatened, or endangered.  32 
Descriptions of listed marine mammal species in Table 3-1 are provided below.  Descriptions of those 33 
species protected by the US MMPA are provided in Appendix A. 34 
 35 
Blue Whale (Balaenoptera musculus) 36 
The blue whale is listed as endangered under the US ESA and as depleted under the US MMPA (NMFS, 37 
1998).  Widespread whaling over the last century is believed to have decreased the population to 38 
approximately 1 percent of its pre-whaling population size (Sirovic et al., 2004).  The stock of blue 39 
whales includes animals found from the northern Gulf of Alaska to the eastern tropical Pacific (Carretta et 40 
al., 2010). 41 
 42 
The blue whale inhabits all oceans and normally occurs over the continental shelf near the coast though it 43 
also is found in oceanic waters.  Blue whales travel alone or with one to two other individuals.  Calving 44 
occurs in tropical and subtropical waters (Jefferson et al., 2008). 45 
 46 
This species preys almost exclusively on various types of zooplankton, mainly krill.  They lunge feed and 47 
consume approximately 6 tons (5,500 kilograms) of krill per day (Pitman et al., 2007).  They sometimes 48 
feed at depths greater than 330 ft (100 m), where their prey maintains dense groupings (Acevedo-49 
Gutiérrez et al., 2002). 50 
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While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 1 
have acute infrasonic hearing.  Based on vocalizations and anatomy, blue whales are assumed to 2 
predominantly hear low-frequency sounds below 400 Hz (Croll et al., 2001; Oleson et al., 2007).  In terms 3 
of functional hearing capability, blue whales belong to the low-frequency group, with hearing ranging 4 
from 12 to 400 Hz, with dominant energy in the infrasonic range at 12 to 25 Hz (Southall et al., 2007; 5 
Ketten, 1998; Mellinger and Clark, 2003).  Experts assume blue whales are able to receive sound signals 6 
in roughly the same frequencies as the signals they produce.  This suggests blue whales, like other baleen 7 
whales, are more likely to have their best hearing capacities at low frequencies, including frequencies 8 
lower than those of normal human hearing, rather than at mid- to high-frequencies (Ketten, 1997). 9 
 10 
Fin Whale (Balaenoptera physalus) 11 
The fin whale has a worldwide distribution, but is listed as endangered under the US ESA and as depleted 12 
under the US MMPA.  The fin whale is found in all the world’s oceans and is the second largest species 13 
of whale (Jefferson et al., 2008).  There are an estimated 140,000 fin whales globally, and they are 14 
relatively abundant in the Pacific Ocean (Mizroch et al., 2009).  Fin whales are rare in waters in the 15 
vicinity of Wake Island and Guam.  The Pacific fin whale population structure is not well known.  There 16 
is a California, Oregon, and Washington stock recognized, as well as a separate stock in the Gulf of 17 
California (Carretta et al., 2010). 18 
 19 
This species uses a variety of habitats and is highly adaptable (Azzellino et al., 2008; Panigada et al., 20 
2008).  They prefer temperate and polar waters and are scarcely seen in tropical waters (Reeves et al., 21 
2002).  Fin whales are often seen close to shore after periodic patterns of upwelling of cool water and the 22 
resultant increased krill density (Azzellino et al., 2008). 23 
 24 
Humpback Whale (Megaptera novaengliae) 25 
Humpback whales are endangered under the US ESA and depleted under the US MMPA.  There are an 26 
estimated 35,000 to 40,000 humpback whales globally.  In the ROI, this estimate includes about 6,000 to 27 
8,000 in the North Pacific Ocean.  Some stocks apparently still are depleted from whaling, but most are 28 
showing strong evidence of recovery (Calambokidis and Barlow, 2004).  In the US North Pacific Ocean, 29 
the stock structure of humpback whales is defined based on feeding areas because of the species’ fidelity 30 
to feeding grounds (Carretta et al., 2010). 31 
 32 
Humpback whales are distributed in all major oceans and most seas.  They normally are found during the 33 
summer on high latitude feeding grounds and during the winter in the tropics and subtropics around 34 
islands, over shallow banks, and along continental coasts, where calving occurs.  Most humpback whale 35 
sightings are in nearshore and continental shelf waters; however, humpback whales frequently travel 36 
through deep oceanic waters during migration (Calambokidis et al., 2001). 37 
 38 
Humpback feeding habitats typically are shallow banks or ledges with high seafloor relief (Hamazaki, 39 
2002).  On breeding grounds, females with calves occur in significantly shallower waters than other 40 
groups of whales, and breeding adults use deeper more offshore waters (Ersts and Rosenbaum 2003; 41 
Smultea, 1994).  Humpback whales feed on a variety of invertebrates and small schooling fishes, both at 42 
the surface and in deeper waters.  Humpbacks spend most of their time in the upper 395 ft (120 m) of the 43 
water column on the feeding grounds (Dietz et al., 2002). 44 
 45 
In terms of functional hearing capability, humpback whales are considered low-frequency cetaceans, with 46 
hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  Houser et al. (2001) produced a predicted 47 
humpback whale audiogram using a mathematical model based on the internal structure of the ear.  48 
Estimated sensitivity was from 700 Hz to 10 kHz, with maximum relative sensitivity between 2 and 6 49 
kHz.  The ability of humpbacks to hear frequencies around 3 kHz may have been demonstrated in a 50 
playback study.  Maybaum (1989) reported humpback whales showed a mild response to a handheld 51 
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sonar detection and location device with frequency of 3.3 kHz at 219 dB re 1 micropascal-meter (μPa-m) 1 
or frequency sweep of 3.1 to 3.6 kHz. 2 
 3 
Sei Whale (Balaenoptera borealis) 4 
The sei whale is endangered under the US ESA and depleted under the US MMPA.  Only a single eastern 5 
North Pacific Ocean stock is recognized in the US Pacific EEZ (Carretta et al., 2010).  Some research 6 
indicates more than one stock exists: one between 175° West (W, longitude measured East [E] or West 7 
from the Prime Meridian), and 155°W and another east of 155°W (Carretta et al., 2010). 8 
 9 
Sei whales have a worldwide distribution and are found primarily in cold temperate to subpolar latitudes.  10 
During the winter, sei whales are found from 20°N to 23°N and during the summer from 35°N to 50°N 11 
(Horwood, 2009; Smultea et al., 2010).  They are considered absent or at very low densities in most 12 
equatorial areas and therefore are unlikely to be present in high numbers in the ROI. 13 
 14 
Sei whales appear to prefer regions of steep bathymetric relief, such as the continental shelf break, 15 
canyons, or basins between banks and ledges (Best and Lockyer, 2002; Gregr and Trites, 2001).  Sei 16 
whales spend the summer feeding in high subpolar latitudes and return to lower latitudes to calve in 17 
winter.  Feeding occurs primarily around dawn, which appears to be correlated with vertical migrations of 18 
prey species (Horwood, 2009).  The sei whale typically skims to obtain its food, but occasionally does 19 
some lunging and gulping (Horwood, 2009). 20 
 21 
While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 22 
have acute infrasonic hearing.  In terms of functional hearing capability, sei whales belong to the group of 23 
low-frequency cetaceans with the best hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  There 24 
are no tests or modeling estimates of specific sei whale hearing ranges. 25 
 26 
Sperm Whale (Physeter macrocephalus) 27 
The sperm whale has been endangered since 1970 under the precursor to the US ESA and is considered 28 
depleted under the US MMPA.  Sperm whales are the largest of the toothed whales, with males 29 
considerably larger than females (NOAA, 2012).  Sperm whales are divided into three stocks in the 30 
Pacific Ocean.  Sperm whales are somewhat migratory with general shifts occurring during the summer 31 
for feeding and breeding.  However, in some tropical areas, sperm whales appear to be largely resident 32 
(Rice, 1989; Whitehead, 2003; Whitehead et al., 2008).  Sperm whales socialize for predator defense and 33 
foraging, feeding on squid and other cephalopods and bottom-dwelling fish and invertebrates (Davis et 34 
al., 2007; Rice, 1989). 35 
 36 
Sperm whales tend to inhabit areas at least 1,968 ft (600 m) deep, and are uncommon in waters less than 37 
984 ft (300 m) deep.  Females generally are found in waters at least 3,280 ft (1,000 m) deep of low 38 
latitudes (less than 40°N or S from the Equator, except in the North Pacific where they are found as high 39 
as 50°N).  These conditions generally correspond to sea surface temperatures greater than 59°F (15°C), 40 
and while female sperm whales are sometimes seen near oceanic islands, they usually are far from land 41 
(NOAA, 2012). 42 
 43 
Sperm whales produce short-duration (generally less than 3 seconds) broadband clicks (100 Hz to 30 44 
kHz), with dominant energy in two bands, 2 to 4 kHz and 10 to 16 kHz.  Generally, most of the acoustic 45 
energy is present at frequencies below 4 kHz, although diffuse energy up to and past 20 kHz has been 46 
reported (Thode et al., 2002).  The source levels can be up to 236 dB re 1 µPa-m (Møhl et al., 2003).  47 
Thode et al. (2002) suggested the acoustic directivity (angular beam pattern) from sperm whales must 48 
range between 10 and 30 dB in the 5 to 20 kHz region.  The clicks of newborn sperm whales are very 49 
different from usual clicks of adults; they are of low directionality, long duration, and low-frequency 50 
(centroid frequency between 300 and 1,700 Hz) with estimated source levels between 140 and 162 dB re 51 
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1 µPa-m (Madsen et al., 2003).  Clicks are heard most frequently when sperm whales are engaged in 1 
diving/foraging behavior (Whitehead and Weilgart, 1991; Miller et al., 2004; Zimmer et al., 2005).  These 2 
may be echolocation clicks used in feeding, contact calls (for communication), and orientation during 3 
dives.  When sperm whales are socializing, they tend to repeat series of clicks (codas), which follow a 4 
precise rhythm and may last for hours (Watkins and Schevill, 1977).  Codas are shared between 5 
individuals of a social unit and are considered to be primarily for intragroup communication (Weilgart 6 
and Whitehead, 1997; Rendell and Whitehead, 2004). 7 
 8 
The anatomy of the sperm whale ear indicates it hears high-frequency sounds (Ketten, 1992).  Anatomical 9 
studies also suggest the sperm whale has some ultrasonic hearing but at a lower maximum frequency than 10 
many other odontocetes (Ketten, 1992).  The sperm whale also may possess better low-frequency hearing 11 
than some other odontocetes, although not as extraordinarily low as many baleen whales (Ketten, 1992).  12 
Auditory brainstem response in a neonatal sperm whale indicated highest sensitivity to frequencies 13 
between 5 and 20 kHz (Ridgway and Carder, 2001). 14 
 15 
Reactions to anthropogenic sounds can provide indirect evidence of hearing capability, and several 16 
studies have noted changes seen in sperm whale behavior in conjunction with these sounds.  For example, 17 
sperm whales have been observed to frequently stop echolocating in the presence of underwater pulses 18 
made by echosounders and submarine sonar (Watkins and Schevill, 1977).  In the Caribbean, Watkins et 19 
al. (1985) observed sperm whales exposed to 3.25 to 8.4 kHz pulses (presumed to be from submarine 20 
sonar) interrupted their activities and left the area.  Similar reactions were observed from artificial noise 21 
generated by banging on a boat hull (Watkins et al., 1985).  André et al. (1997) reported foraging whales 22 
exposed to a 10 kHz pulsed signal did not ultimately exhibit any general avoidance reactions; when 23 
resting at the surface in a compact group, sperm whales initially reacted strongly, then ignored the signal 24 
completely.  Thode et al. (2007) observed the acoustic signal from a fishing vessel’s rapidly spinning 25 
propeller (110 dB re 1 µPa2 between 250 Hz and 1.0 kHz) interrupted sperm whale acoustic activity and 26 
resulted in the animals converging on the vessel.  The full range of functional hearing for the sperm whale 27 
is estimated to occur between approximately 150 Hz and 160 kHz, placing them among the group of 28 
cetaceans that can hear mid-frequency sounds (Southall et al., 2007). 29 
 30 
False Killer Whale (Pseudorca crassidens) 31 
The false killer whale is listed as a candidate species under the US ESA and depleted under the US 32 
MMPA.  They are found in tropical and temperate waters, generally between 50°S and 50°N latitude with 33 
a few records north of 50°N in the Pacific and the Atlantic (Odell and McClune, 1999).  Seasonal 34 
movements in the western North Pacific may be related to prey distribution (Odell and McClune, 1999).  35 
Baird et al. (2005) noted considerable inter-island movements of individuals in the Hawaiian Islands. 36 
 37 
False killer whales primarily eat deep-sea cephalopods and fish (Odell and McClune, 1999), but they have 38 
been known to attack other cetaceans, including dolphins (Perryman and Foster, 1980; Stacey and Baird, 39 
1991), sperm whales (Palacios and Mate, 1996), and baleen whales. 40 
 41 
The dominant frequencies of false killer whale whistles are 4 to 9.5 kHz; those of their clicks are 25 to 30 42 
kHz and 95 to 130 kHz (Thomas et al., 1990; Richardson et al., 1995).  The source level for clicks is 220 43 
to 228 dB re 1 µPA-m (Ketten, 1998).  Best hearing sensitivity measured for a false killer whale was 44 
around 16 to 64 kHz (Thomas et al., 1988, 1990).  Yuen et al. (2005) tested a stranded false killer whale 45 
using auditory evoke potentials to produce an audiogram in the range of 4 to 44 kHz, with best sensitivity 46 
at 16 to 24 kHz, but it may have had age-related hearing loss. 47 


48 
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3.4.3 Health and Safety 1 
 2 
3.4.3.1 Pre-Flight Test Activities 3 
 4 
The Proposed Action requires the administration of NOTAMs and NOTMARs within the BOAs for 5 
impact of missile components to warn aircraft and surface vessels of the potentially hazardous areas and 6 
allow them ample time to avoid the hazards.  Inhabitants near the flight path, as well as air and sea traffic 7 
in caution areas designated for specific missions, are notified of potentially hazardous operations.  For 8 
MMIII, MMIII ERFT, and other terminal flight tests, various precautions are taken to protect personnel 9 
and the general public.  The proposed RV impact sites for the MMIII ERFT flights are within BOAs, 10 
thereby avoiding risk to the general public and property.  As described earlier for the over-ocean flight 11 
corridor, a NOTMAR and a NOTAM are transmitted to appropriate authorities to clear traffic from these 12 
caution areas and to inform the public of impending missions.  The warning messages describe the time, 13 
the area affected, and safe alternate routes.  The Guam, Micronesia, and Palau Governments also would 14 
be informed in advance of rocket launches and reentry payload missions.  Visual and sensor sweeps of 15 
hazard areas are accomplished prior to each operation to assist in the clearance of non-mission ships and 16 
aircraft (USAF, 2004; USASMDC/ARSTRAT, 2007). 17 
 18 
For MMIII ERFT flights, RTS (with 30 SW direction) at USAKA and the deployed NMIS ship provide 19 
range support for the terminal phase of flight.  Because NOTAMs and NOTMARs are issued in advance 20 
of the MMIII ERFT flights, aircraft, surface vessels, and the general public have ample time to avoid the 21 
hazard areas.  Therefore, the relevant issue is PBV and RV impact area safety.  Thus, the ROI for health 22 
and safety in the BOAs focuses on where the MMIII missile components, PBV fragments, and test RVs 23 
may impact, and includes consideration of DOD, LLNL, and contractor personnel. 24 
 25 
Range safety provides protection to DOD, LLNL, and contractor personnel, and ships and aircraft 26 
operating in areas potentially affected by missions.  Specific procedures are required for the preparation 27 
and execution of missions involving watercraft, missile launches, and reentry payloads such as MMIII 28 
RVs.  These procedures are based on regulations, directives, and flight safety plans for individual 29 
missions.  The flight safety plans include calculating trajectory and debris areas, and specifying range 30 
clearance and notification procedures (USASMDC/ARSTRAT, 2007). 31 
 32 
During ocean travel to and from test support areas, ship personnel would monitor for marine mammals 33 
and sea turtles to avoid potential ship strikes.  Vessel operators also would adjust their speed based on 34 
expected animal densities, and on lighting and turbidity conditions.  Vessel operations would not involve 35 
any intentional discharges of fuel, toxic wastes, or plastics and other solid wastes that could harm marine 36 
life. 37 
 38 
The LLNL personnel would place the free-floating instrumentation around the RV target site before each 39 
launch.  These activities would be performed in compliance with all shipboard safety requirements and 40 
under the oversight of a highly experienced supervisor. 41 
 42 
3.4.3.2 Flight Test Activities 43 
 44 
The NMIS ship would be positioned downrange of the impact site for each flight.  This location also is 45 
downrange of the sonic boom footprint.  All shipboard personnel (e.g., DOD, LLNL, and contractor) 46 
would comply with appropriate hearing protection as required by their respective organizations. 47 
 48 
To collect flight and impact data from the missile and RVs, radar, telemetry, optics, and meteorological 49 
sensors would be employed aboard the NMIS ship during the terminal phase of each MMIII ERFT flight.  50 
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Operational personnel would be limited to those trained for the type of equipment to which they are 1 
assigned and for the associated safety requirements. 2 
 3 
3.4.3.3 Post-Flight Test Activities 4 
 5 
Following completion of each flight test, LLNL personnel would work to retrieve all free-floating 6 
instrumentation for transport to Guam.  These activities would be performed in compliance with all 7 
shipboard safety requirements and under the oversight of a highly experienced supervisor.  The recovered 8 
rafts would be disassembled, re-packed, and shipped back from Guam to Kwajalein Atoll.  Expended 9 
rocket motors and other missile hardware are not recovered from the ocean and RV recovery operations 10 
are not attempted for nominal missions.  There are no onsite, physical assessment or post-test cleanup 11 
activities required for MMIII extended range flight tests. 12 
 13 
3.4.4 Hazardous Materials and Waste Management 14 
 15 
Handling, management, and transport of hazardous materials and wastes are addressed under the 16 
following section.  Proper procedures for handling these materials and wastes are followed in accordance 17 
with all applicable Federal (such as 29 CFR 1910), DOD, and Air Force, Army, and Navy regulations.  18 
Use and management of hazardous materials and the disposal of hazardous wastes require approval and 19 
coordination with LLNL or with the appropriate safety and environmental offices.  For the analysis of 20 
hazardous materials use and waste management for the Proposed Action, the ROI is defined as those 21 
locations near proposed impact sites within BOAs of the Guam, Micronesia, and Palau EEZs, and 22 
international waters. 23 
 24 
In Guam, its EEZ, and for US shipboard activities in international waters, US regulations govern 25 
hazardous material and waste management and are specified in the US Code of Federal Regulations 26 
(CFR), specifically within 40 CFR, Protection of Environment.  In the Micronesia EEZ, compliance with 27 
US environmental laws is applicable to US military activities within Micronesia jurisdictions only when 28 
the preparation of an Environmental Impact Statement is required.  Since that threshold has not been met 29 
by MMIII ERFT flight tests, there are no comparable environmental standards and procedures in force 30 
within Micronesian jurisdiction.  In the Palau EEZ, “hazard substances such as nuclear, chemical, gas or 31 
biological weapons intended for use in warfare, nuclear power plants, and waste materials” are regulated 32 
under the Constitution of the Republic of Palau, Article VIII, Section 6.  Since MMIII ERFT testing 33 
activities do not encompass nuclear, chemical, gas or biological weapons, the missile flight tests do not 34 
require compliance with the referenced Constitutional section. 35 
 36 
The Proposed Action would require use of diesel fuel, oils and lubricants for support equipment and 37 
vessels.  These would be managed in accordance with the appropriate DOD or regulatory procedures 38 
consistent with the location and responsible entity (e.g., USN shipboard in a BOA).  Any accidental spills 39 
from support equipment operations would be contained and cleaned up in accordance with US and DOD 40 
requirements. 41 
 42 
The test RVs do not contain fissile materials but they typically do contain varying quantities of hazardous 43 
materials, including batteries, asbestos, DU, and other heavy metals.  All test RVs regularly include 0.29 44 
to 22 oz (8.2 to 624 g) of asbestos; approximately 0.035 to 0.353 oz (1 to 10 g) each of Be, Cd, and Cr; 45 
approximately 4.8 oz (136 g) of lead; and an unspecified quantity of DU.  The RVs for the proposed 46 
FY14 extended range flight tests do not contain high explosives.  At the conclusion of the flight tests, 47 
expended rocket motors and other missile hardware are not recovered from the ocean and RV recovery 48 
operations are not attempted in deeper waters for nominal missions.  The MMIII ERFT flight tests would 49 
occur only twice within one year, and motor impacts from each flight would not occur at the exact same 50 
locations. 51 


52 
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3.4.5 Noise 1 
 2 
Noise is most often defined as unwanted sound heard by people or wildlife that interferes with normal 3 
activities or otherwise diminishes the quality of the environment.  Sources of noise may be transient (e.g., 4 
a passing train or aircraft), continuous (e.g., heavy traffic or air conditioning equipment), or impulsive 5 
(e.g., a sonic boom or a pile driver).  Sound waves traveling outward from a source exert a sound pressure 6 
measured in dB. 7 
 8 
The human ear is not equally sensitive to all sound wave frequencies.  Sound levels adjusted for 9 
frequency-dependent amplitude are called “weighted” sound levels.  Weighted measurements 10 
emphasizing frequencies within human sensitivity are called A-weighted decibels (dBA).  Established by 11 
the American National Standards Institute, A-weighting significantly reduces the measured pressure level 12 
for low-frequency sounds, while slightly increasing the measured pressure level for some high-frequency 13 
sounds.  In summary, A-weighting is a filter used to relate sound frequencies to human-hearing 14 
thresholds.  Typical A-weighted sound levels measured for various sources are provided in Figure 3-5.  15 
The greatest sound pressure level recorded during a specific period of time is termed the peak sound 16 
pressure level, further qualified as weighted or unweighted (i.e., unfiltered).  Peak sound values can be 17 
too short in duration and at a frequency missed by the human ear. 18 
 19 
During terminal flight and impact, each test missile or RV has the potential to affect BOAs with sonic 20 
booms.  Thus, the ROI for noise is focused on the flight path that could be affected by flight termination.  21 
Natural sources of noise include the constant wave action and the occasional thunderstorm.  The sound of 22 
thunder, one of the loudest sounds expected here, can register up to 120 dB (Vavrek et al., 2008). 23 
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Figure 3-5  Typical Noise Levels of Familiar Noise Sources and Public Responses 
Source:  Modified from US Army Strategic Defense Command, 1991. 
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4.0  ENVIRONMENTAL CONSEQUENCES 1 
 2 
This chapter presents the potential environmental consequences of the No Action Alternative and the 3 
Proposed Action, described in Chapter 2.0 of this SEA, when compared to the affected environment 4 
described in Chapter 3.0.  The No Action Alternative impact discussions are presented in Section 4.1, 5 
followed by the Proposed Action in Section 4.2.  The amount of detail presented in each section of the 6 
analysis is proportional to the potential for impact.  Both direct and indirect impacts8


 12 


 are addressed where 7 
applicable.  In addition, cumulative effects that might occur are identified in Section 4.3.  Appropriate 8 
environmental management and monitoring actions and requirements are also included in this chapter, 9 
where necessary, and summarized in Section 4.4.  A list of all agencies, organizations, and persons 10 
consulted as part of this analysis is provided in Chapter 6.0. 11 


4.1 Environmental Consequences of the No Action Alternative 13 
 14 
This section addresses flights from Vandenberg AFB to USAKA/RTS, which were evaluated in the 15 
MMIII EA and MMIII SEA [in progress], incorporated into this document by reference.  Each of those 16 
evaluations resulted in a Finding of No Significant Impact (FONSI) which would be applicable to the No 17 
Action Alternative for the MMIII ERFT flight tests. 18 
 19 
Launch emission levels would not exceed de minimis (minimal importance) thresholds or contribute to a 20 
violation of Vandenberg AFB’s air operating permits.  No exceedance of air quality standards or health-21 
based standards for non-criteria pollutants would be anticipated. 22 
 23 
The maintenance of fire breaks around MMIII launch facilities can have an adverse effect on the 24 
endangered Gaviota tarplant.  Additionally, exposure to short-term noise from launches and helicopter 25 
overflights (if conducted) can cause startle effects in protected bird species, pinnipeds, and other wildlife.  26 
By implementing measures identified in the US Fish and Wildlife Service’s 2011 Programmatic 27 
Biological Opinion, the USFWS concluded that the proposed activities would not jeopardize the 28 
continued existence of Federally listed species. 29 
 30 
Allowable public risk limits for launch-related debris would be extremely low.  The accumulated casualty 31 
risk criteria (combined collective risk to all individuals exposed) for each mission would not exceed 30 in 32 
1,000,000.  By adhering to established and proven safety standards and procedures, the level of risk to all 33 
personnel would be minimal. 34 
 35 
4.2 Environmental Consequences of the Proposed Action 36 
 37 
Environmental issues associated with the MMIII extended range flight tests vary at each location, and as 38 
such, the resources analyzed at each location vary.  A breakdown of the resources analyzed in detail, by 39 
location, is shown in Table 4-1, along with the section numbers where the respective discussions are 40 
found. 41 


42 


                                                      
88 Direct impacts are caused by the action and occur at the same time and place.  Indirect impacts occur later in time or are further 
removed in distance, but are still reasonably foreseeable. 
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 1 
4.2.1 Vandenberg Air Force Base 2 
 3 
As discussed in Section 3.1, activities at Vandenberg AFB are not analyzed in detail within this SEA 4 
because of little or no changes to the affected environment and to the resulting environmental effects 5 
presented in the MMIII SEA.  The prior SEA sufficiently analyzed applicable resource topics and 6 
concluded no significant impacts would occur to any resource from ongoing MMIII flight tests.  Similar 7 
impact results would be expected under the Proposed Action.  The launch impact results at Vandenberg 8 
AFB are summarized below. 9 
 10 
Emission levels would not exceed de minimis (minimal importance) thresholds or contribute to a violation 11 
of Vandenberg AFB air operating permits.  No exceedance of air quality standards or health-based 12 
standards for non-criteria pollutants would be anticipated. 13 
 14 
The maintenance of fire breaks around MMIII launch facilities can have an adverse effect on the 15 
endangered Gaviota tarplant.  Additionally, exposure to short-term noise from launches and helicopter 16 
overflights (if conducted) can cause startle effects in protected bird species, pinnipeds, and other wildlife.  17 
By implementing measures identified in the US Fish and Wildlife Service’s 2011 Programmatic 18 
Biological Opinion, the USFWS concluded that the proposed activities would not jeopardize the 19 
continued existence of Federally listed species. 20 
 21 
Allowable public risk limits for launch-related debris would be extremely low.  The accumulated casualty 22 
risk criteria (combined collective risk to all individuals exposed) for each mission would not exceed 30 in 23 
1,000,000.  By adhering to established and proven safety standards and procedures, the level of risk to all 24 
personnel would be minimal. 25 
 26 
4.2.2 Guam 27 
 28 
4.2.2.1 Health and Safety 29 
 30 
The use of trained and certified operators to operate lifting and loading equipment on Guam would ensure 31 
proper procedures are followed as the sensor rafts and equipment are transferred from shipping/receiving 32 
and warehousing to the NMIS ship and back after the completion of each MMIII flight test. 33 


 Table 4-1  Resources Analyzed in Detail by Location 


Location 


Global 
Atmosphere 


or Air 
Quality1 


Biological 
Resources2 


Health and 
Safety 


Hazardous 
Materials 
and Waste 


Mgt 


Noise 


Vandenberg AFB See MMIII 
SEA  


See MMIII 
SEA 


See MMIII 
SEA 


See MMIII 
SEA 


See MMIII 
SEA 


Guam   Sect. 4.2.2.1 Sect. 4.2.2.2  
Over-Ocean Flight 
Corridor and the Global 
Environment 


Sect. 4.2.3.1 Sect. 4.2.3.3 Sect. 4.2.3.2   


Proposed Impact Areas Sect. 4.2.4.1 Sect. 4.2.4.2 Sect 4.2.4.3 Sect. 4.2.4.4 Sect. 4.2.4.5 


  1 Air quality in this environmental setting focuses on the stratospheric ozone layer and GHG within the Global Atmosphere.       
2Noise and water quality are included in the analysis from the standpoint of potential impacts on wildlife. 
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 1 
For the storage and transfer of sensory rafts and calibration equipment, all applicable Federal, state, and 2 
local health and safety requirements, such as OSHA regulations within 29 CFR, are followed, as well as 3 
all appropriate DOD, LLNL, and environmental guidance, directives and procedures.  The handling of 4 
sensor rafts and calibration equipment is an operation requiring special care and training of personnel.  5 
Few personnel are involved in this activity and they operate under a highly experienced supervisor, 6 
adhering to the established and proven safety standards and procedures identified in Section 3.3.2 of this 7 
SEA.  Additionally, the operational personnel train and practice with the rafts and other equipment aboard 8 
ship prior to the actual flight tests. 9 
 10 
All required health and safety regulations would be followed.  By adhering to established and proven 11 
safety standards and procedures, the level of risk to all personnel would be minimal and no significant 12 
impacts to health and safety would be incurred. 13 
 14 
4.2.2.2 Hazardous Materials and Waste Management 15 
 16 
Because the equipment associated with the shipping/receiving, storage, loading/unloading at Guam likely 17 
would require batteries, fuels, oils and lubricants, the facilities would comply with US Resources 18 
Conservation and Recovery Act requirements for management of hazardous materials.  Implementation of 19 
SPCC plans ensures spills or potential releases of hazardous materials are appropriately managed, 20 
including the disposition of waste following spill cleanup.  There would be no significant impacts to 21 
hazardous materials or waste management from the Proposed Action. 22 
 23 
4.2.3 Over-Ocean Flight Corridor and the Global Environment 24 
 25 
4.2.3.1 Global Atmosphere 26 
 27 
First-stage rocket emissions would occur at Vandenberg AFB, whereas emissions from other stages take 28 
place over-the-ocean flight corridor.  The total quantity of rocket exhaust emissions for two MMIII ERFT 29 
launches is provided in Table 4-2.  The products of combustion from the launch include carbon monoxide 30 
(CO), oxides of nitrogen (NOx), fine particulate matter (PM10 and PM2.5), aluminum oxide (Al2O3), 31 
hydrogen chloride (HCl), hydrogen, nitrogen, CO2, and water.  Two MMIII ERFT launches in a year 32 
release approximately 2.9 tons (2.6 metric tons) of HCl.  The HCl has a long enough tropospheric lifetime 33 
to mix eventually with the stratosphere, even when released at ground level.  The global release of 34 
emissions from rocket launches, however, is small enough that it is not listed as a significant source of  35 
 36 


Table 4-2  Exhaust Emissions for Two Minuteman III Launches 


 
Pollutant 


1st Stage 
(tons/year) 


2nd Stage 
(tons/year) 


3rd Stage 
(tons/year) 


Total 
(tons/year) 


  CO 0.00505 0.001515 0.000805 0.00737 
  NOx 0.224 0.0675 0.03575 0.32725 
  PM10


1 2.515 0.755 0.4015 3.6715 
  PM2.5


1 1.76 0.53 0.281 2.571 
  HCl 1.965 0.59 0.31 2.865 
  Other2 0.000336 0.000101 5.35E-05 0.00049 
Notes: 1 All PM emissions are assumed to be Al2O3. 
2 Includes combined amounts of polycyclic aromatic hydrocarbons, benzene, formaldehyde, vinyl chloride, antimony, arsenic, cadmium, 
hexavalent chromium, lead, manganese, and  nickel. 
Source: USAF, 2004; Wooldridge, 2011 
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ozone depleting gases by the WMO (2010).  It also is estimated the emission loads of Cl (as HCl and Cl) 1 
from rocket launches worldwide, as projected from 2004 to 2014, would account for only 0.5 percent of 2 
the industrial Cl load from the US over the 10-year period (MDA, 2007). 3 
 4 
Both Al2O3 and NOx also are of concern with respect to stratospheric ozone depletion.  Two MMIII ERFT 5 
launches release approximately 3.2 tons (2.9 metric tons) of Al2O3.  The Al2O3 is emitted as solid particles 6 
and can activate Cl in the atmosphere.  The exact magnitude of ozone depletion that can result from a 7 
buildup of Al2O3 over time has not yet been determined quantitatively, but is considered insignificant 8 
based on existing analyses (USAF, 2001).  Following each launch, the majority of this compound is 9 
removed from the stratosphere through dry deposition and precipitation.  NOx, like certain Cl compounds, 10 
also contributes to catalytic gas phase ozone depletion.  The production of NOx species from solid rocket 11 
motors is dominated by high-temperature “afterburning” reactions in the exhaust plume.  As the 12 
temperature of the exhaust decreases with increasing altitude, less NOx is formed.  Because diffusion and 13 
winds would disperse the NOx species generated, no significant effect on ozone levels is expected. 14 
 15 
In summary, rocket emissions from the MMIII ERFT flight tests do not have a significant impact on 16 
stratospheric ozone depletion.  However, any emission of ozone-depleting gases represents a minute 17 
increase that could have incremental effects on the global atmosphere. 18 
 19 
4.2.3.2 Health and Safety 20 
 21 
Safety procedures and practices for MMIII missile test flights are well developed and regularly in use.  22 
Adherence to the policies and procedures identified in Section 3.3.2 protects the health and safety of 23 
operational personnel and the general public. 24 
 25 
The Proposed Action would result in a temporary increase in missile activities in the over-ocean 26 
corridors.  In the international airspace over the Pacific Ocean, commercial aircraft would be diverted 27 
from the flight path of the missiles by NOTAMs.  In international waters, NOTMARs would inform 28 
commercial and personal watercraft of the flight corridor and hazard areas.  Inhabitants near the flight 29 
path also would be informed of proposed activities and areas to avoid.  Consequently, there would be 30 
minimal interference with the use of airspace by commercial or general aviation aircraft or the use of 31 
open ocean waters during over-ocean flight for the proposed MMIII ERFT test flights. 32 
 33 
The 30 SW Safety Office evaluations of proposed missile flight paths and associated risks present the 34 
opportunity to adjust flight paths during the planning stages of missile test flights to minimize risk.  35 
Establishment of the flight termination boundaries and application of the abort procedures ensures the 36 
over-ocean pathway and risk management are maintained.  The probability for an aborted MMIII launch 37 
is very low. 38 
 39 
For each rocket launch from Vandenberg AFB, the allowable public risk limit is extremely low.  40 
Individuals within the general public must not be exposed to a probability of casualty greater than 1 in 41 
1,000,000 for any single mission (RCC, 2010).  Also, as per AFSPC Manual 91-710, the acceptable 42 
accumulated risk criteria (combined collective risk to all individuals exposed) for each mission is 30 in 43 
1,000,000. 44 
 45 
For comparison purposes, the 2006 average annual probability of fatality in the US from non-46 
transportation accidental (unintentional) injuries was 1 in 4,077 (National Safety Council, 2006).  This 47 
probability record included falls, fire and burns, drowning, electrical shock, and poisoning.  Thus, the risk 48 
of fatality to the public from MMIII missile flight tests is substantially less than the risk from non-49 
transportation related accidents.  Overall, no significant impacts on health and safety are expected. 50 


51 
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4.2.3.3 Biological Resources 1 
 2 
The probability for a launch mishap is very low.  However, an early flight termination or mishap would 3 
cause missile debris to impact along the flight corridor.  In most cases, the errant missile would be 4 
moving at such a high velocity that resulting missile debris would strike the water further downrange.  In 5 
the unlikely event of an early termination of flight, the missile would fall to the ocean intact or as debris 6 
scattered over a large area.  It is expected that the falling missile and its debris would not have a 7 
significant impact on biological resources because of the large expanse of the ocean area and the very low 8 
probability of striking a marine mammal or sea turtle.  Sensitive marine species are widely scattered, and 9 
the probability of debris from a non-nominal flight striking a threatened or endangered species is 10 
considered remote. 11 
 12 
Initiating flight termination after launch would split the solid propellant motor casing, releasing pressure 13 
and stopping the booster’s forward thrust, causing the launch vehicle to reenter ballistically along a 14 
descending trajectory into the ocean.  Pieces of unburned propellant, which is composed of ammonium 15 
perchlorate, aluminum, and other materials, could be dispersed over an ocean area of up to several square 16 
miles (square kilometers).  Ammonium perchlorate could leach out of the solid propellant resin binding-17 
agent once the propellant enters the water.  However, it is unlikely perchlorate concentrations would 18 
accumulate to a level of concern (USAF, 2010).  The overall concentration and toxicity of dissolved solid 19 
propellant from the unexpended rocket motors, or portions of them, is expected to be negligible and 20 
without any substantial effect.  Any pieces of propellant expelled from a destroyed or exploded rocket 21 
motor would sink hundreds or thousands of feet to the ocean floor.  At such depths, the material would be 22 
beyond the reach of most marine life. 23 
 24 
The liquid propellants (monomethylhydrazine and nitrogen tetroxide) contained in the PSRE also could 25 
be released in the ocean waters on impact, assuming they have not been used up by propulsion or 26 
vaporized during the destruct action.  Wave actions and ocean currents would quickly mix and dilute the 27 
liquid propellants, in addition to them being buffered or oxidized in the seawater, thus eliminating 28 
potentially toxic concentrations.  Should the sealed propellant assemblies within the PSRE survive ocean 29 
impact intact, they would sink to great depths and settle on the ocean floor.  There, they could potentially 30 
leak propellants into the water over time.  As with the solid propellants, the liquid propellants would be 31 
beyond the reach of most marine life.  Though it is possible for deep ocean, benthic species to be 32 
adversely affected by any remaining contaminants, such impacts would be very localized, occurring 33 
within a short distance of missile component debris deposited on the ocean floor. 34 
 35 
In summary, MMIII ERFT flight tests would have no discernible effect on the overall physical and 36 
chemical properties of the ocean within the ROI, and thus should have no impacts on the overall marine 37 
biology of the ROI.  Missile flight tests would result in minimal risk of hitting or otherwise harassing 38 
marine mammals or sea turtles.  Moreover, such tests would have no discernible effect on the biological 39 
diversity of either the pelagic or benthic marine environment.  Consequently, no significant impacts to 40 
biological resources in the ocean beneath the over-ocean flight corridor would be anticipated. 41 
 42 
The main potential for impacts to marine species within the over-ocean flight corridor would be from 43 
noise-related sources such as sonic boom overpressures shortly after launch; the effects of which were 44 
evaluated in the MMIII SEA [in progress]. 45 


46 
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4.2.4 Proposed Impact Areas - Broad Ocean Areas of the Pacific Ocean 1 
 2 
4.2.4.1 Air Quality 3 
 4 
4.2.4.1.1 Pre-Test Preparations and Support 5 
Pre-test preparations and support require the use of mobile sources of air emissions.  The emission 6 
sources include a combination of vessels and aircraft.  Emission of criteria pollutants and Greenhouse 7 
Gases (GHG) from these sources is minor and temporary.  No exceedances of air quality standards are 8 
expected, and no new permanent stationary sources of emissions or changes to air emission permits are 9 
required.  As a result, pre-test preparation and support requirements are not expected to have significant 10 
impacts on local or regional air quality within the BOAs of Guam, the FSM, or Palau. 11 
 12 
4.2.4.1.2 Terminal Flight and Impact Activities 13 
The MMIII components impact in ocean waters and do not present any air quality issues.  There would be 14 
no fugitive dust or other airborne pollutants during terminal flight and impact activities.  There would be 15 
no air emissions associated with the Stage 3 motor casing and the thrust termination ports as they would 16 
have no air emission releases at this phase.  The RV would disintegrate in the water upon impact, and 17 
although each RV contains small quantities of heavy metals and asbestos—typically 0.035 to 0.353 oz (1 18 
to 10 g) each of Be, Cd and Cr; approximately 4.8 oz (136 g) of lead; an unspecified quantity of DU; and 19 
0.29 to 22 oz (8.2 to 624 g) of asbestos—due to the water impact, it is unlikely any of these materials 20 
could become airborne.  Although unlikely, if the impact were to generate small quantities of air 21 
emissions or Hazardous Air Pollutants, trade winds would rapidly dissipate any airborne particles.  22 
Because of the water impact, trade winds, and the lack of populated areas near the impact areas, no 23 
significant impacts to air quality are expected. 24 
 25 
4.2.4.1.3 Post-Test Operations 26 
Similar to pre-test preparations and support, post-test operations require the use of mobile sources of air 27 
emissions.  The emission sources include a combination of vessels.  Emission of criteria pollutants and 28 
GHG from these sources is minor and temporary.  No exceedances of air quality standards are expected, 29 
and no new permanent stationary sources of emissions or changes to air emission permits are required.  30 
As a result, post-test operations requirements are not expected to have significant impacts on local or 31 
regional air quality. 32 
 33 
4.2.4.2 Biological Resources 34 
 35 
Criteria for assessing potential impacts on marine biological resources are based on the potential for loss 36 
of habitat (destruction, degradation), excessive take (accidental or intentional death, injury), harassment; 37 
increases in exposure or susceptibility to disease and predation, and decrease in breeding success.  38 
Collision with vessels or missile debris; release of contaminants from missile constituents; sound; or 39 
human contact could potentially cause impacts.  Impacts are considered substantial if they have the 40 
potential to result in the reduction of population size of US Federally listed threatened or endangered 41 
species, degradation of biologically important unique habitat, or reduction in capacity of a habitat to 42 
support species.  Potential non-acoustic effects include physical impact by the NMIS ship or falling 43 
debris, by entanglement in debris, and contact with or ingestion of debris or hazardous materials. 44 
 45 
During ocean travel to and from test support areas, ship personnel would monitor for marine mammals 46 
and sea turtles to avoid potential ship strikes.  Vessel operators also would adjust their speed based on 47 
expected animal densities, and on lighting and turbidity conditions. 48 
 49 
The third stage rocket motor debris splashdowns would occur approximately 4,900 to 5,200 nm (9,075 to 50 
9,630 km) from the California coast, into a BOA within the Guam or FSM EEZ.  The TT port assemblies 51 
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would impact downrange of the third-stage rocket motor debris by approximately 300 to 500 nm (556 to 1 
926 km) in an impact area within the EEZ of Micronesia, approximately 38 nm from the closest island. 2 
 3 
The RVs would impact approximately 80 nm (148 km) offshore from the closest island of the ROP or 4 
within international waters at depths ranging from 10,000 to 16,600 ft (3,048 to 5,060 m).  Towards the 5 
terminal end of each MMIII extended range flight test, the PBV and MGS fragments would impact in 6 
predetermined BOAs of the Palau and FSM EEZs. 7 
 8 
When the spent rocket motors impact in the ocean, no solid propellant would remain.  The residual 9 
aluminum oxide and burnt hydrocarbon coating the inside of the motor casings would not present toxicity 10 
concerns.  Though the batteries carried onboard the rocket motors would be spent (discharged) by the 11 
time they impact in the ocean, they would still contain small quantities of electrolyte material.  These 12 
materials, along with residual amounts of strontium perchlorate contained in the 3rd-stage motors, may 13 
mix with the seawater. 14 
 15 
The National Aeronautics and Space Administration (NASA) conducted a thorough evaluation of the 16 
effects of rocket systems deposited in seawater.  The evaluation concluded the release of hazardous 17 
materials, carried onboard launch vehicles, would not be significant (USAF, 2004).  Hazardous materials 18 
would be diluted rapidly in the seawater and, except for the immediate vicinity of the debris, would not be 19 
found at concentrations identified as producing adverse effects (USN, 1998). 20 
 21 
Ocean depths in the ROI reach thousands of feet (meters) and, consequently, impacts from hazardous 22 
materials are expected to be minimal.  The area affected by the dissolution of hazardous materials 23 
onboard would be relatively small because of the size of the rocket components and the minor amount of 24 
residual materials they would contain.  Such components would immediately sink to the ocean bottom, 25 
out of reach of marine mammals, sea turtles, and most other marine life.  Though it is possible for deep 26 
ocean, benthic species to be adversely affected by any remaining contaminants, such impacts would be 27 
very localized, occurring within a short distance of missile component debris deposited on the ocean 28 
floor.  Consequently, no significant impacts to biological resources are expected from the residual 29 
hazardous materials in seawater. 30 
 31 
The proposed MMIII extended range test flights would not have a discernible or measurable impact on 32 
benthic or planktonic organisms, because of their abundance, their wide distribution, and the protective 33 
influence of the mass of the Pacific Ocean around them.  However, the potential exists for impacts to 34 
larger vertebrates in the proposed impact areas, particularly marine mammals and sea turtles that must 35 
come to the surface to breathe.  Potential impacts on these species have been considered in this analysis 36 
and include the effects of acoustic effects produced by rapid descent to impact (sonic booms), and non-37 
acoustic effects (splashdown of missile stages and release of propellants or other hazardous materials into 38 
the water).  Potential acoustic effects include behavioral disturbances and temporary or permanent hearing 39 
impairment.  Potential non-acoustic effects include physical impact by falling debris, and contact with or 40 
ingestion of debris or hazardous materials, particularly unexpended fuels.  The resulting impact of a large, 41 
fast-moving object, such as the spent casing of a rocket motor, could cause either type of effect (USAF, 42 
2004). 43 
 44 
Fish 45 
Most missile tests pose little risk to fish unless the fish happen to be near the surface at the point of 46 
impact.  Permanent, adverse impacts on EFH components are not anticipated since missile flight test 47 
operations are conducted to avoid potential impacts.  There are unavoidable impacts associated with 48 
operations that may result in temporary and localized impacts caused by debris.  The impact of missile 49 
components on the ocean surface could cause fish mortalities.  These effects would be localized and 50 
transient.  Fish populations from surrounding areas would quickly repopulate the affected area.  As a 51 
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result, the overall effects from the proposed flight tests would produce no significant harm to the quality 1 
and/or quantity of fish stocks, nor would EFH be adversely affected. 2 
 3 
Sea Turtles 4 
Although sea turtles may be present in any of the BOAs of the proposed impact areas, there are no 5 
topographic features, such as seamounts, in these areas that would induce concentrations of sea turtles.  6 
Individual pieces of debris from the proposed missile tests would be dispersed over a large area.  While a 7 
direct hit from a piece of debris would affect a sea turtle at the surface, it is extremely unlikely that this 8 
would ever occur.  As data collection instruments are deployed, LLNL personnel will observe the impact 9 
and surrounding area to the best of their ability for indications of sea turtle presence.  If such indications 10 
exist or sea turtle individuals are observed to persist in the impact or surrounding area, the presence will 11 
be reported by LLNL personnel to AFGSC personnel, who will determine the potential for holding launch 12 
activities to allow the animals to pass through the area of concern.  Based on conservative estimates of sea 13 
turtle densities coupled with conservative estimates of hearing, it was determined only a negligible 14 
number of sea turtles (i.e., less than 0.0003) might be affected acoustically or non-acoustically by 15 
proposed extended range flight testing. 16 
 17 
Marine Mammals 18 
Debris and booster drops in the impact areas are not expected to adversely affect protected marine 19 
mammal species.  The probability is low for migratory whales to be within the BOA and to be affected by 20 
falling debris and boosters.  These sensitive marine species are widely scattered, and the probability of an 21 
individual marine mammal being struck by debris is considered remote.  As data collection instruments 22 
are deployed, LLNL personnel will observe the impact and surrounding area to the best of their ability for 23 
indications of marine mammal presence.  If such indications exist or marine mammal individuals are 24 
observed to persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 25 
AFGSC personnel, who will determine the potential for holding launch activities to allow the animals to 26 
pass through the area of concern.  Of particular concern is the potential for impacts to marine mammals 27 
from acoustic effects.  Potential acoustic effects include behavioral disturbance (including displacement), 28 
acoustic masking (elevated noise levels that drown out other noise sources), and temporary or permanent 29 
hearing impairment (from very strong sounds). 30 
 31 
4.2.4.2.1 Sonic Boom Overpressures 32 
As each test RV descends, sonic booms are initially generated over a very broad area of the open ocean to 33 
the northeast and continue in a southwesterly direction towards the designated target area, where the sonic 34 
boom footprint narrows to just a few miles on either side of the flight path (Figure 4-1).  At the ocean 35 
surface, the in-air sound pressure levels for the sonic booms vary from 91 dB at the eastern-most range 36 
and increase to 150 dB at the western-most range, close to the point of impact.  Equivalent underwater 37 
overpressure levels range from 117 to 176 dB (re 1 µPa).  The sonic boom footprint would occur entirely 38 
over open ocean and within the area covered by the NOTAMs and NOTMARs.  The duration for sonic 39 
boom overpressures produced by the RVs ranges from 40 milliseconds where the boom is strongest to 40 
124 milliseconds where it is weakest (Moody, 2004b). 41 
 42 
An earlier noise study of MMIII flight tests from Vandenberg AFB modeled the sonic boom levels 43 
generated downrange (Tooley, et al., 2004).  The modeling results showed the surface footprint of the 44 
sonic boom can extend outward several miles on each side of the flight path, but it quickly dissipates with 45 
increasing distance downrange.  At the ocean surface, peak overpressures were estimated to be in the 138 46 
to 149 dB range in air, based on typical atmospheric wind conditions.  Such overpressures are equivalent 47 
to between 164 to 175 dB (re 1 µPa) in water at the air-to-water interface.  The duration of these acoustic 48 
events is less than 250 milliseconds or a quarter of a second.49 
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The propagation of sonic booms underwater can affect the behavior and hearing sensitivity in marine 1 
mammals (primarily cetaceans) and sea turtles.  Loud enough sounds can cause cetaceans to quickly 2 
react, altering their normal behavior.  Most observations of behavioral responses of cetaceans to 3 
anthropogenic sounds have been limited to short-term responses, including disturbance to feeding, 4 
resting, or social interactions.  Higher sound levels can result in some level of hearing loss.  Depending on 5 
the level of exposure, either Temporary Threshold Shift (TTS) or Permanent Threshold Shift (PTS) may 6 
occur.  A TTS can temporarily impair an animal’s ability to communicate, navigate, forage, and detect 7 
predators; a PTS can permanently impair the animal.  The onset of hearing threshold shift in marine 8 
mammals and sea turtles depends on the total exposure to sound energy, a function of sound pressure 9 
level, and the duration of exposure.  As a sound gets louder, the duration required to induce TTS gets 10 
shorter.  Exposure to sound in excess of that required to cause TTS may result in a PTS. 11 
 12 
Sea turtle auditory sensitivity is not well studied.  Research suggests the animals are less sensitive to the 13 
auditory effects of impulsive sounds than marine mammals (Ridgway et al., 1969; USN, 2008a, 2008b).  14 
Application of the cetacean thresholds for TTS and PTS therefore is likely to be particularly conservative 15 
for sea turtles (Mobley, 1994; 1995; 2000). 16 
 17 
For this analysis, acoustical thresholds for the onset of TTS and PTS in marine mammals and sea turtles 18 
are based on prior studies conducted by the USN for underwater detonations and ship-shock trials (USN, 19 
2008a, 2008b).  The underwater peak pressure thresholds are 224 dB (re 1 µPa) for the onset of TTS and 20 
230 dB (re 1 µPa) for the onset of PTS.  Thus, for the MMIII ERFT flight tests a maximum sonic boom 21 
underwater peak pressure of 175 dB (re 1 µPa) would not induce TTS or PTS in marine mammals or sea 22 
turtles in the open ocean.  Therefore, no significant impacts would occur to marine mammals or sea 23 
turtles from sonic boom overpressures resulting from MMIII ERFT test flights. 24 
 25 
Although it may be possible for such underwater sound levels to cause slight changes in animal behavior, 26 
the affects are expected to be brief.  The RV sonic booms would have minimal impacts on marine 27 
mammals and sea turtles because:  (1) underwater sound levels would not exceed thresholds for TTS (224 28 
dB [re 1 µPa]) or PTS (230 dB [re 1 µPa]); (2) the higher-level overpressures would generate minimal in-29 
water footprints and be very short in duration; and (3) marine mammal and sea turtle species are expected 30 
to have low and patchy densities.  Notably, since the RV approaches and impacts are within the BOA 31 
there would be no effects on terrestrial species and/or migratory birds. 32 
 33 
4.2.4.2.2 Direct Contact and Shock/Sound Wave from the Impact of Missile Components 34 
As shown in Figures 2-4 and 2-5, the impact areas for the third stage spent rocket motors are 35 
approximately 125 to 320 nm (232 to 593 km) southwest of Guam, within its EEZ or that of Micronesia.  36 
During the descent of the spent motors, each motor would hit the ocean surface at speeds of 37 
approximately 195 to 230 ft per second (59 to 70 m per second) (USAF, 2006b).  The expended motors 38 
would have considerable kinetic force (USAF, 2004).  Upon impact, this transfer of energy to the ocean 39 
water would cause a shock wave (low-frequency acoustic pulse) similar to that produced by explosives.  40 
Studies for MMIII flight tests have shown underwater noise pulse levels would be on the order of 188 to 41 
190 dB (re 1 μPa) at a range of 164 ft (50 m) from the motor impact point (Tooley et al., 2004). 42 
 43 
If a portion of the missile were to strike a protected marine mammal or sea turtle near the water surface, 44 
the animal most likely would be killed.  In addition, the resulting underwater shock/sound wave radiating 45 
out from the impact point could potentially harm other animals.  Close to the impact point, the 46 
shock/sound wave might cause PTS, injure internal organs and tissues, or prove fatal to the animals.  47 
Slightly further away, TTS effects might occur, but with increasing distance away from the impact point, 48 
pressure levels would decrease, as would the risk for injury.  Figure 4-2 illustrates the relative distances 49 
for these shock/sound wave effects on animals. 50 
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 1 


 2 
Figure 4-1  Representative Sonic Boom Footprints for RVs 3 


in the BOAs 4 
 5 


Research shows an underwater sound level of approximately 240 dB (re 1 µPa) is the baseline criterion 6 
for defining unavoidable injury or death in marine mammals (Ketten, 1998).  Such effects would occur 7 
within a very short distance to each rocket motor impact point.  For TTS and PTS effects on marine 8 
mammals and sea turtles, this SEA used a dual-exposure criteria approach based on prior studies 9 
conducted by the USN for underwater detonations and ship-shock trials (USN, 2008a, 2008b).  The 10 
criteria use both peak pressure levels in dB (re 1 μPa) and energy flux density values, which are a 11 
measure of the sound energy flow per unit area expressed in dB (re 1 μPa2-s) for underwater sound.  12 
Table 4-3 presents the estimated radial distances for the onset of TTS and PTS for the motor based on the 13 
USN criteria.  Energy flux density criteria result in much larger radial distances, when compared to peak 14 
pressure criteria.  The outermost distance at which TTS would occur is estimated to be 56 ft (17 m) from 15 
the impact point of the third stage motor.  Although not shown in table, radial distances for the smaller 16 
and lighter MMIII missile shroud and the six TT port assemblies would be substantially less than that of 17 
the rocket motors. 18 
 19 
Within the ROI, population estimates and migratory routes for most of the marine mammal species in the 20 
impact areas are not available.  Thus, calculating probabilities for impacts based on animal densities is 21 
considerably difficult.  However, when applying relatively conservative data from surveys conducted 22 


Derived from Tooley et al., 2004 
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Within the ROI, population estimates and migratory routes for most of the marine mammal species in the 1 
impact areas are not available.  Thus, calculating probabilities for impacts based on animal densities is 2 
considerably difficult.  However, when applying relatively conservative data from surveys conducted 3 
elsewhere around the Hawaiian Island Pacific Region, the probability for a rocket motor striking 4 
cetaceans in the open ocean is 5.4 x 10-5 or less per splashdown event, and lower for sea turtles (Tetra 5 
Tech, 2012).  Animal densities in the BOAs of the ROI are expected to be lower.  Considering individual 6 
rocket motor splashdown points are spread hundreds and thousands of miles apart, and each impact point 7 
would affect a relatively small area, the splashdown of MMIII missile components in the over-ocean 8 
flight corridor is not expected to have a significant impact on marine mammals or sea turtles. 9 
 10 
An RV impacting in the ocean would result in underwater shock/sound waves comparable to the 11 
splashdown of the MMIII rocket motors described earlier, but with much greater force because of the 12 
hypersonic velocity at the time of impact.  The resulting underwater waveform in either case would last 13 
about 10 to 30 milliseconds (Moody, 2004a; Tooley et al., 2004). 14 
 15 


Table 4-3  Estimated Underwater Radial Distances for the Onset of TTS 
and PTS in Marine Mammals and Sea Turtles from 


Minuteman III Third Stage Motor Impacts in the Ocean 


Potential Effect Criterion Criterion Source 
Radial Distance from 


Impact Point 
ft (m) 


Unavoidable 
Injury or Death 240 dB (re 1 μPa) Ketten, 1998 <1 (<1) 


PTS 


230 dB (re 1 μPa) peak 
pressure USN, 2008b 1 (<1) 


205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 4 (1) 


TTS 


224 dB (re 1 μPa) 1 peak 
pressure USN, 2008a, 2008b 3 (1) 


182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 56 (17) 


1 A peak pressure of 224 dB (re 1 μPa) is equivalent to 23 psi. 


Derived from Moody, 2004A 


Onset of PTS 
Onset of TTS 


 


Figure 4-2  Illustration of the Relative Underwater Radial Distances for Shock / Sound 
Wave Effects on Marine Mammals and Sea Turtles 


 
 
 


Impact 
Point 


Unavoidable 
Injury/Death 


Decreasing Pressure 







Minuteman III Extended Range Flight Testing Coordinating Draft Supplemental Environmental Assessment 


4-12 


As the shock/sound wave radiates away from the impact point, sound levels would decrease, as would the 1 
risk for injury or auditory effects (see Figure 4-2).  Using the dual-exposure criteria (peak pressure and 2 
energy flux density) approach described earlier, Table 4-4 presents the estimated radial distances for the 3 
onset of TTS and PTS from the RV point of ocean impact.  As Table 4-4 shows, the energy flux density 4 
criteria result in larger radial distances for the onset of PTS and TTS, when compared to the peak pressure 5 
criteria results.  The outermost distance at which TTS would occur is estimated to be 1,360 ft (415m) 6 
from the RV impact point.  Notably, the RVs for the tests would not contain high explosives. 7 
 8 


Table 4-4  Estimated Underwater Radial Distances for Unavoidable Injury or Death, 
Onset of TTS and PTS in Marine Mammals and Sea Turtles from RV Ocean Impacts 


Potential Effect Criterion Criterion Source 
Radial Distance from 


Impact Point 
ft (m) 1 


Unavoidable Injury or Death 240 dB (re 1 μPa) Ketten, 1998 10 (3) 
 
 


PTS 


230 dB (re 1 μPa) 
peak pressure USN, 2008b 31 (10) 


205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 96 (29) 


 
 


TTS 


224 dB (re 1 μPa) 
peak pressure USN, 2008a, 2008b 62 (19) 


182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 1,360 (415) 


 1 Derived from USAF, 2004 


Population estimates for marine mammal species are not available for the ROI.  When applying relatively 9 
conservative data from surveys conducted around the Mariana Islands region, the probability for an RV 10 
underwater shock/sound wave to induce PTS in cetaceans in the ocean is less than 5.40 x 10-5 per impact 11 
event. For TTS, the probability increases to approximately 5.18 x 10-4 for two RV impact events.  12 
Probabilities inducing PTS and TTS in sea turtles would be considerably less.  Animal densities in the 13 
target impact areas are expected to be lower than in the surveyed areas. 14 
 15 
Thus, the resulting acoustic effects from shock/sound waves may affect, but are not likely to adversely 16 
affect protected marine mammals and sea turtles because:  (1) only two RV impacts would occur within 17 
the target areas, (2) cetaceans and sea turtles are expected to occur at low densities and in patchy 18 
distributions within the region, (3) it is unlikely animals would be located within the small radial impact 19 
area; and (4) the implementation of pre-test visual and sensor sweeps surveys of the designated target 20 
area(s). 21 
 22 
For both flight tests, the RVs impact approximately 80 nm (148 km) offshore from the closest island in 23 
the ROP or within international waters into deep ocean waters where depths range from 10,000 to 16,600 24 
ft (3,048 to 5,060 m).  No craters would form on the ocean bottom, and there would be no ground-borne 25 
vibrations from the RV impacts.  There would be no effects to mollusks, sponges, and hard corals from 26 
the RV impact. 27 
 28 
4.2.4.3 Health and Safety 29 
 30 
The Proposed Action requires the administration of NOTAMs and NOTMARs in advance of MMIII 31 
ERFT test flights to allow aircraft, surface vessels, and the general public ample time to avoid the post-32 
boost vehicle and RV impact hazard areas.  As half of the four annual MMIII flight tests, the two test 33 
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flights for MMIII ERFT would not alter the findings from the No Action Alternative.  Therefore, no 1 
significant impacts to public health and safety are anticipated for the Proposed Action. 2 
 3 
During the flight test, personnel in the vicinity of the impact area would comply with the applicable DOD 4 
or LLNL Hearing Conservation Program.  The level of risk to operational personnel is kept at a minimum 5 
and no significant impacts would occur from Health and Safety issues during equipment transfer in Guam 6 
or during RV impacts in the BOAs. 7 
 8 
Adherence to the policies and procedures protects the health and safety of operational personnel.  During 9 
MMIII missile flight tests, public safety and health are ensured through the establishment of hazard areas 10 
and impact debris corridors, in addition to the NOTMARs and NOTAMs published for mariners, pilots, 11 
and the general public.  Overall, no significant impacts to health and safety are expected. 12 
 13 
4.2.4.4 Hazardous Materials and Waste Management 14 
 15 
For the Proposed Action, the increased use of fuels, lubricants and oils would represent only a small 16 
increase in the hazardous materials requiring management on Guam.  Other than the use of fuels, 17 
lubricants, oil, and batteries for operating transportation and related support equipment, there is limited 18 
use of hazardous materials in support of MMIII pre-test preparations.  Proper procedures and all 19 
regulations identified in section 3.4.4 are followed, ensuring compliance and safe management.  In 20 
addition, environmental audits by both internal offices and external agencies are conducted periodically at 21 
DOD facilities to verify compliance. 22 
 23 
When a BOA is targeted for RV impacts, portable sensors may operate on diesel fuel, lubricants, or small 24 
batteries, but none of the sensory equipment contains pressurized gases, propellants, ordnance, or other 25 
hazardous materials.  Just as during the pre-test preparations, any accidental spills from support 26 
equipment operations would be contained and cleaned up in accordance with US and DOD requirements.  27 
Any resulting waste materials would be returned to Guam for proper storage and disposal in accordance 28 
with the US regulations.  Hazardous waste and other waste-handling capacities at Guam would not be 29 
exceeded, and waste management programs would not have to change.  Thus, no significant impacts to 30 
Hazardous Materials and Waste Management are expected from the proposed MMIII ERFT activities. 31 
 32 
4.2.4.5 Noise 33 
 34 
4.2.4.5.1 Pre-Test Preparations and Support 35 
Pre-test preparation activities, including vessel operations, are not expected to have any noise impacts on 36 
local Guam, ROP, or FSM communities.  Personnel at Kwajalein and Guam preparing, shipping and 37 
preparing the ship sensor rafts are required to comply with all applicable occupational health and safety 38 
regulations.  As a result, pre-test preparation activities are not expected to cause significant noise impacts. 39 
 40 
4.2.4.5.2 Terminal Flight and Impact Activities 41 
As each descending RV approaches the target area, sonic booms are initially generated over a very broad 42 
area of the open ocean along the flight path and continue in a southwesterly direction towards the point of 43 
impact, where the sonic boom footprint narrows to just a few miles on either side of the flight path 44 
(Figure 4-1).  At the ocean surface, the sound pressure levels for the sonic booms would vary from 91 dB 45 
in air at the eastern-most range and increase to 150 dB at the western-most range, close to the point of 46 
impact.  The duration for sonic boom overpressures produced by the RVs ranges from 40 milliseconds 47 
where the boom is strongest to 124 milliseconds where it is weakest (Moody, 2004a).  Within the 48 
majority of the sonic boom footprint, sound levels are below the 120 dB produced by a thunderclap 49 
(Vavrek et al., 2008) and well within the Army standard of 140 dB (peak sound pressure level) for 50 
impulse noise. 51 
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 1 
The sonic boom would be clearly audible within approximately 35 nm (65 km) on both sides of the flight 2 
path; however, it would occur entirely over open ocean and there are no inhabited islets within this 3 
corridor that would hear it.  Because the sonic boom footprints do not overlap any Guam, Micronesia, or 4 
Palau communities such that there are no individuals within the sonic boom footprint, no residents are 5 
expected to be subjected to significant noise-related impacts.  Because the NMIS ship would be 6 
downrange and the sonic boom footprint would be uprange, operational personnel would not be subjected 7 
to significant noise-related impacts. 8 
 9 
4.2.4.5.3 Post-Test Operations 10 
In general, noise levels associated with post-test operations would be similar to those generated during 11 
pre-test preparations.  The only difference would be during recovery actions in the BOA, which would 12 
involve localized noise increases from machinery, generators, and other equipment.  The noise increase 13 
would be short in duration, minimizing impacts.  Thus, no significant impacts to ambient noise levels are 14 
expected. 15 
 16 
4.3 Cumulative Effects 17 
 18 
Cumulative effects are considered to be those resulting from the incremental effects of an action when 19 
considering past, present, and reasonably foreseeable future actions, regardless of the agencies or parties 20 
involved.  In other words, cumulative effects can result from individually minor, but collectively 21 
potentially significant, impacts occurring over the duration of the Proposed Action and within the same 22 
geographical area. 23 
 24 
The following sections describe the potential for cumulative impacts to occur at the BOAs within the 25 
Vandenberg AFB; Guam; the flight corridor; the EEZs of Guam, the FSM, and the ROP; and within the 26 
global environment as a result of the ongoing MMIII ERFT flight tests. 27 
 28 
4.3.1 Vandenberg Air Force Base 29 
 30 
Vandenberg AFB is the only facility in the US from which unmanned Government and commercial 31 
satellites can be launched into polar orbit, and where land-based ICBMs can be launched to verify 32 
weapon system performance.  As the headquarters of the 30th SW, Vandenberg launches a number of 33 
ballistic missiles and space-lift vehicles.  In addition to the two planned MMIII ERFT flights, two more 34 
MMIII launches per year are expected from Vandenberg AFB.  These are analyzed in the MMIII SEA [in 35 
progress], with a Finding of No Significant Impact to any of the evaluated resources.  No cumulative 36 
impacts are anticipated from the addition of two MMIII ERFT launches substituted for two of the four 37 
launches per year nominally launched to the Kwajalein vicinity. 38 
 39 
4.3.2 Guam 40 
 41 
The activities at Guam associated with the MMIII ERFT flights are very limited in nature.  42 
Shipping/receiving, loading and unloading are actions that occur routinely in warehouses and ports and 43 
the addition of two MMIII ERFT flight tests would not substantially increase those activities.  By 44 
following appropriate health and safety procedures, and by implementing regulatory requirements for 45 
management of hazardous materials and wastes, no cumulative impacts would occur at Guam from the 46 
MMIII ERFT flights. 47 


48 
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4.3.3 Over-Ocean Flight Corridor and the Global Environment 1 
 2 
Flight termination during a MMIII ERFT test is unlikely and impacts to biological resources from flight 3 
termination are of a very low probability.  Although other MMIII flights would occur, their flight paths 4 
would not be the same as the ERFT flights, and the combined emissions would not be consequential.  5 
However, any emission of ozone-depleting gases represents a minute increase that could have incremental 6 
effects on the global atmosphere.  Few other missile flights are expected through this same flight corridor.  7 
Therefore, no cumulative impacts are anticipated. 8 
 9 
4.3.4 Proposed Impacts Sites – Broad Ocean Areas 10 
 11 
For the BOAs of Guam, Micronesia, and Palau, and international waters, the two proposed MMIII ERFT 12 
missile component drop zones and RV target sites are the only occurrences within this ROI.  With no 13 
other planned missile test flights to this area, no cumulative impacts are expected from the Proposed 14 
Action. 15 
 16 
4.4 Summary of Environmental Management and Monitoring Actions 17 
 18 
Throughout this SEA, various environmental management controls and monitoring systems are described.  19 
Required by Federal, state, DOD, and agency-specific environmental and safety regulations, these 20 
measures are implemented through normal operating procedures. 21 
 22 
Although no significant impacts are expected to result from the MMIII ERFT flight tests and 23 
implementation of the Proposed Action, some specific environmental management and monitoring 24 
actions have been identified to minimize the level of impacts that might occur.  These are summarized 25 
below and include the relevant sections of the SEA where they are further described. 26 
 27 
4.4.1 Vandenberg AFB 28 


 29 
1) The activities required for environmental management and monitoring actions are presented in 30 


the MMIII SEA [in progress]. 31 
 32 
4.4.2 Guam 33 
 34 


1) Only trained and certified operators would operate the lifting and loading of equipment.  (Section 35 
4.2.2.1) 36 


2) Personnel would train and practice deployment, operation, and recovery of the sensor rafts, under 37 
the guidance of a highly experienced supervisor.  (Section 4.2.2.1) 38 


3) All required OSHA regulations within 29 CFR would be followed, as well as all appropriate 39 
DOD, LLNL, and environmental guidance, directives and procedures.  (Section 4.2.2.1) 40 


4) The warehouse and port facilities would follow US Resources Conservation and Recovery Act 41 
requirements for management of hazardous materials, including implementation of SPCC plans 42 
with procedures for disposing of waste following a spill event cleanup.  (Section 4.2.2.2) 43 


 44 
4.4.3 Over-Ocean Flight Corridor 45 
 46 


1) Range safety policy requirements implemented for ballistic and space vehicle operations are 47 
defined in Eastern and Western Range (EWR) 127-1 (Range Safety Requirements).  The Air 48 
Force Space Command (AFSPC) Manual 91-710 (Range Safety User Requirements) establishes 49 
range safety policy, and defines requirements and procedures for ballistic and space vehicle 50 
operations at Vandenberg AFB.  (Section 4.2.3.2) 51 
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2) Over-ocean launches must comply with DOD Instruction 4540.01 (Use of International Airspace 1 
by US Military Aircraft and for Missile/Projectile Firings). Air Force Policy Directive 91-2 2 
(Safety Programs) establishes the key USAF safety.  (Section 4.2.3.2) 3 


3) The 30 SW Safety Office and contractors conduct a comprehensive safety analysis prior to each 4 
launch to determine specific missile launch and flight hazards to ensure populated areas, critical 5 
range assets, and civilian property susceptible to damage are outside predicted impact/debris 6 
limits.  (Section 4.2.3.2) 7 


4) The NOTAMs and NOTMARs are published and circulated by 30 SW/RTS in accordance with 8 
30 SWI 91-104 (Operations Hazard Notice) to warn personnel to avoid hazard areas within 9 
international airspace and waters.  (Section 4.2.3.2) 10 


5) Flight corridors are designed to avoid inhabited areas; should a MMIII missile head off course or 11 
other problems occur during flight, the Missile Flight Control Officer would activate the destruct 12 
package on the missile.  (Section 4.2.3.2) 13 


 14 
4.4.4 Proposed Impacts Areas - BOAs 15 
 16 


1) As data collection instruments are deployed, LLNL personnel will observe the impact and 17 
surrounding area to the best of their ability for indications of sea turtle or marine mammal 18 
presence.  If such indications exist or sea turtle or marine mammal individuals are observed to 19 
persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 20 
AFGSC personnel, who will determine the potential for holding launch activities to allow the 21 
animals to pass through the area of concern.  (Section 4.2.4.2). 22 


2) During the flight test, personnel in the vicinity of the impact area would comply with the 23 
applicable DOD or LLNL Hearing Conservation Program and adhere to health and safety policies 24 
and procedures.  (Section 4.2.4.3) 25 


3) Proper procedures and all regulations identified in section 3.4.4 would be followed, including 26 
RCRA for hazardous materials and waste management.  (Section 4.2.4.4) 27 


 28 
4.5 Conclusions 29 
 30 
Based upon review of the facts and analyses contained in the SEA, the USAF has concluded that neither 31 
the Proposed Action nor the No Action Alternative will have a significant environmental impact, either by 32 
itself or cumulatively with other projects.  Accordingly, the requirements of NEPA, the CEQ Regulations, 33 
32 CFR Part 989 are fulfilled and an Environmental Impact Statement is not required. 34 
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8.0  DISTRIBUTION LIST 1 
[Preparer’s Note: This section is in development.] 2 
The following is a list of agencies, organizations, and libraries sent a copy of the Draft SEA/Draft FONSI 3 
for Minuteman III Extended Range Flight Testing. 4 


 5 


 7 
Federal Agencies 6 


National Marine Fisheries Service, Pacific Islands Regional Office, Honolulu, HI 8 
 9 
US Fish & Wildlife Service, Pacific Islands Fish and Wildlife Office, Honolulu, HI 10 
 11 
Guam Department of Agriculture, Division of Aquatic and Wildlife Resources, Mangilao, GU 12 
 13 
 14 


 16 
Libraries 15 


[Note: This is a preliminary list of libraries and may change.] 17 
Santa Barbara Public Library; Santa Maria Public Library; University of California, Santa Barbara 18 
Library; Palau Public Library, Koror, Palau; Pohnpei Public library, Kolonia, Pohnpei, Micronesia;Yap 19 
Public Library, Nimaar, Yap, Micronesia 20 
 21 
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Species protected by The Marine Mammal Protection Act (MMPA) potentially occurring in the over-
ocean flight corridor and/or MMIII component impact areas in the west Pacific Ocean are briefly 
described below as provided in the Mariana Islands Range Complex (MIRC) Environmental Impact 
Statement (EIS) (Commander, Pacific Fleet, Executive Agent, 2010): 
 
Bryde’s Whale (Balaenoptera edeni) 
Population Status—There were an estimated 233 ([Coefficient of Variance] CV = 0.45; 95% Confidence 
Indicator [CI] = 99-546) Bryde’s whales in the Mariana Islands Sea Turtle and Cetacean Survey 
(MISTCS) study area, and density was estimated as 0.00041 animals per square kilometer (CV = 0.45).  
The International Whaling Commission recognizes three management stocks of Bryde’s whales in the 
North Pacific: Western North Pacific, Eastern North Pacific, and East China Sea.  The Bryde’s whale is 
designated as “data deficient” on the IUCN Red List. 


Distribution—Bryde’s whale is found year-round in tropical and subtropical waters in either hemisphere.  
They have been reported to occur in both deep and shallow waters globally.  Long migrations are not 
typical of Bryde’s whales, though limited shifts in distribution toward and away from the equator, in 
winter and summer, respectively, have been observed.  Bryde’s whales have a broad, overlapping winter 
and summer distribution in the Central Pacific from 5°S to 40°N, and are the most common baleen whales 
likely to occur in the Mariana Islands from May to July, and possibly August. 


Historical records show a consistent presence of Bryde’s whales in the Mariana Islands.  Bryde’s whales 
were sighted in the Mariana Islands during a 1994 survey, in the western Pacific.  These whales are 
typically only seen when surface water temperature is greater than 68°Fahrenheit (F) (20°Centigrade [C]) 
although a preference for water temperatures between approximately 59° and 68°F (15° and 20°C) has 
been reported.  A single Bryde’s whale washed ashore on Masalok Beach on Tinian in February 2005.  
There was one sighting in July 1999, approximately 5 to 10 nautical miles (nm) (9.3 to 18.5 kilometers 
[km]) west of Farallon de Medinilla.  Additionally, there was a sighting 105 nm (195 km) southeast of 
Guam made during December 1996, which was reported to the NMFS for their Platforms of Opportunity 
Program.  Occurrence patterns are expected to be the same throughout the year. 


Bryde’s whales were observed at least 18 times during the three month Navy survey in 2007.  They were 
observed in groups of one to three, with several sightings including calves.  Bryde’s whales were sighted 
in deep waters, ranging from 8,363 to 24,190 feet (ft) (2,534 to 7,330 meters [m]).  There were several 
sightings in waters over and near the Mariana Trench.  Most sightings though were associated with 
bathymetric relief (e.g., steeply sloping areas and seamounts), including sightings adjacent to the 
Chamorro Seamounts east of the Commonwealth of Northern Mariana Islands and over the West Mariana 
Ridge.  There were also concentrations in the southeast corner of the MISTCS study area.  Multi-species 
aggregations with sei whales also were observed on several occasions.  During marine mammal 
monitoring for Valiant Shield 07, a single Bryde’s whale was observed about 87 nm (161 km) east of 
Guam at the edge of the Mariana Trench. 


While 25°N may represent the northernmost extent of Bryde’s whale winter distribution (5°S to 25°N), 
they can range from 5°N to 40°N during summer, suggesting that winter and summer ranges overlap.  The 
majority of August sightings reported in the Western Pacific for Bryde’s whales are between 20 to 40°N, 
although there was no reported sighting effort south of 20°N.  Bryde’s whales sometimes are seen very 
close to shore and even inside enclosed bays. 


Reproduction/Breeding—Breeding and calving occur in warm temperate and tropical areas but regularly 
used sites have not been identified. 


Diving Behavior—Bryde’s whales are lunge-feeders, feeding on fish and krill and might dive as long as 
20 minutes. 


Acoustics—Bryde’s whales produce low frequency tonal and swept calls similar to those of other 
balaenopterid whales.  Calls vary regionally, yet all but one of the call types have a fundamental 
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frequency below 60 Hertz (Hz); they last from 0.25 seconds to several seconds; and they are produced in 
extended sequences.  There appear to be five tone types.  While no data on hearing ability for this species 
are available, it has been hypothesized that mysticetes have acute infrasonic hearing. 


Minke whale (Balaenoptera acutorostrata) 
Population Status—The minke whale is designated as “least concern” on the IUCN Red List.  There are 
no abundance estimates for this species in this area.  It has been noted that densities of minke whales 
throughout the North Pacific are low; however, frequent acoustic detections suggest that this may be due 
to their cryptic nature.  The International Whaling Commission recognizes three stocks of minke whales 
in the North Pacific, one of which is in the western Pacific west of 180ºN (sic). 


The minke whale was frequently detected acoustically (29 detections) during the MISTCS cruise.  
However, since there were no visual sightings, no abundance or density could be calculated for this 
species.  A density estimate of 0.0003 animals per km2 (CV = 0.71) was derived from the eastern tropical 
Pacific surveys. 


Distribution—The minke whale generally occupies waters over the continental shelf, including inshore 
bays and estuaries.  However, based on whaling catches and surveys worldwide, there is also a deep-
ocean component to the minke whale’s distribution.  During August in the North Pacific, minke whales 
are more common in the Bering and Chukchi seas and in the Gulf of Alaska. 


Minke whales are distributed in polar, temperate, and tropical waters; they are less common in the tropics 
than in cooler waters and are present in the North Pacific from near the equator to the Arctic.  In the 
winter, minke whales are found south to within 2° of the equator.  There is no obvious migration from 
low-latitude, winter breeding grounds to high-latitude, summer feeding locations in the western North 
Pacific, as there is in the North Atlantic; however, there are some monthly changes in densities in both 
high and low latitudes.  Some coastal minke whales restrict their summer activities to exclusive home 
ranges and exhibit site fidelity to these areas between years. 


Minke whales were the most frequently acoustically detected species of baleen whale during the Navy’s 
2007 survey and were found mostly in the southwestern area of the MIRC near the Mariana Trench.  It is 
not unusual to have acoustic sightings with no visual confirmation due to the cryptic behavior of this 
species in tropical waters.  Minke whale vocalizations in the Pacific Islands have been reported only 
during the winter months, however it is not known if this is indicative of a seasonal migration. 


Reproduction/Breeding—It has been suggested that mating occurs in winter or early spring although it 
has never been observed. 


Diving Behavior—A general surfacing pattern of minke whales was observed to consist of about four 
surfacings, interspersed by short-duration dives averaging 38 seconds.  After the fourth surfacing, there 
was a longer duration dive ranging from approximately 2 to 6 minutes.  Minke whales are “lunge feeders” 
like the other balaenopterid whales, although different feeding strategies used by minke whales have been 
reported.  In the North Pacific, major food items include krill, Japanese anchovy, Pacific saury, and 
walleye pollock. 


Acoustics—Recordings in the presence of minke whales have included both high- and low-frequency 
sounds.  Two basic forms of pulse trains were attributed to minke whales: a “speed up” pulse train with 
energy in the 200 to 400 Hz band, with individual pulses lasting 40 to 60 milliseconds, and a less 
common “slow-down” pulse train characterized by a decelerating series of pulses with energy in the 250 
to 350 Hz band.  Recorded vocalizations from minke whales have dominant frequencies of 60 Hz to 
greater than 12,000 Hz, depending on vocalization type.  


Recorded source levels, depending on vocalization type, range from 151 to 175 decibels referenced to 1 
micropascal-meter (dB re 1 μPa-m).  A complex and stereotyped sound sequence (“star-wars 
vocalization”) in the Southern Hemisphere that spanned a frequency range of 50 Hz to 9.4 kilohertz (kHz) 
has been reported.  Broadband source levels between 150 and 165 dB re 1 μPa-m were calculated.  
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“Boings,” recently confirmed to be produced by minke whales and suggested to be a breeding call, consist 
of a brief pulse at 1.3 kHz, followed by an amplitude modulated call with greatest energy at 1.4 kHz, with 
slight frequency modulation over a duration of 2.5 seconds.  While no data on hearing ability for this 
species are available, mysticetes may have acute infrasonic hearing. 
Blainville’s Beaked Whale (Mesoplodon densirostris) 
Population Status—The Blainville’s beaked whale is designated as “data deficient” on the IUCN Red List 
(Reeves et al., 2002) (IUCN Red List version 2009.2).  There are no abundance estimates for the 
Blainville’s beaked whale in this area.  There was no density estimate for Blainville’s beaked whales 
available from the Mariana Islands, therefore, a density estimate of 0.0013 animals per km2 (CV = 0.71) 
that was derived from the offshore Hawaii area was used. 


Distribution—The Blainville’s beaked whale occurs in temperate and tropical waters of all oceans.  In the 
eastern Pacific tropical waters, where there are about a half-dozen Mesoplodon spp. known, the 
Blainville’s beaked whale is second only to the pygmy beaked whale (Mesoplodon peruvianus) in 
abundance.  In waters of the western Pacific, where the pygmy beaked whale is not considered to be 
present, the Blainville’s beaked whale is probably the most common and abundant tropical species of 
Mesoplodon.  Beaked whales may be expected to occur in the area including, and seaward of, the shelf 
break.  Two Mesopolodon spp. were observed during the Navy’s 2007 survey, over the West Mariana 
Ridge, but were not identified to the species level.  Occurrence of beaked whales on the shelf between the 
165 ft (50 m) isobath and the shelf break are not expected.  This takes into account that deep waters come 
very close to the shore in this area.  In some locales, beaked whales can be found in waters over the shelf, 
so it is possible that beaked whales have similar habitat preferences here.  Occurrence patterns are 
expected to be the same throughout the year.  Recent information suggests that beaked whale species 
(Blainville’s and Cuvier’s beaked whales, and northern bottlenose whales) show site fidelity and have 
beeen sighted in the area over many years. 


Reproduction/Breeding—Beaked whales generally breed in October and November, but little else is 
known of their reproductive behavior. 


Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whales, the 
Baird’s beaked whale, feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish 
such as mackerel, sardine, and saury.  Four beaked whales Blainville’s beaked whales off the west coast 
of Hawaii foraged in deep ocean areas (2,270 to 9,855 ft [688 to 2,986 m]) with a maximum dive to 4,619 
ft (1,400 m).  Dives ranged from at least 13 minutes (lost dive recorder during the dive) to a maximum of 
68 minutes. 


Acoustics—Beaked whales possibly use frequencies of between 300 Hz and 129 kHz for echolocation, 
and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  In 2004, Blainville’s 
beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz although 40 kHz was 
the upper range of recording equipment.  Therefore, it is possible that Blainville’s beaked whales may use 
frequencies similar to those measured for Cuvier’s beaked whales, i.e, frequencies from 20 to 70 kHz.  In 
2004 in the Ligurian Sea, the source level of two Blainville’s beaked whale clicks ranged from 200 to 220 
dB re 1 μPa-m, as measured peak to peak.  Blainville’s beaked whales produce whistles and pulsed 
sounds between 6 and 16 kHz.  No hearing data is available for Blainville’s beaked whales but it has been 
reported that the Gervais beaked whale could hear in the range of 5 to 80 kHz although no measurements 
were attempted above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 


Bottlenose dolphin (Tursiops truncatus) 
Population Status—There were an estimated 122 (CV = 0.99; 95% CI = 5.0-2,943) bottlenose dolphins in 
the MISTCS study area and density was estimated as 0.00021 animals per km2 (CV = 0.99).  Bottlenose 
dolphin group size ranged from 3 to 10 individuals and calves were seen during several sightings.  
Bottlenose dolphins are designated as “least concern” on the 2009 IUCN Red List.  Nothing is known of 
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stock structure around the Marianas.  The only estimate of abundance of bottlenose dolphins for the 
region is an estimate of 31,700 animals for the Western North Pacific, which may possibly coincide with 
the stock of offshore bottlenose dolphins that occurs around the Marianas. 


Distribution—Bottlenose dolphins off the Pacific coast of the U.S. are known to feed primarily on surf 
perches (Family Embiotocidae) and croakers (Family Sciaendae).  Bottlenose dolphins are expected to 
occur from the coastline to the 6,600 ft (2,000 m) isobath, which takes into consideration the known 
habitat preferences of Tursiops globally.  Individuals are expected to occur in both harbors and lagoons, 
based on observations worldwide in similar habitats.  There is a low or unknown occurrence of the 
bottlenose dolphin seaward of the 6,600 ft (2,000 m) isobath.  This pattern takes into account possible 
movement by bottlenose dolphins between the Mariana Islands chain, as well as sightings globally in 
deep waters.  Occurrence patterns are expected to be the same throughout the year.  There are no 
stranding records available for this species in the Marianas area and vicinity, and only a mention that 
bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of bottlenose 
dolphins do not occur in great numbers in this island chain due to the fact that the area does not have a 
significant shelf component.  A similar situation could be occurring in the MIRC Study Area and vicinity. 


Bottlenose dolphins were sighted three times during the Navy’s 2007 MISTCS survey, two of the 
sightings were in the vicinity of Challenger Deep, while the other sighting was east of Saipan near the 
Mariana Trench in deep waters ranging from 13,995 to 16,536 ft (4,241 to 5,011 m).  One of the sightings 
near the Challenger Deep was a mixed-species aggregation that included sperm whales (with calves) 
logging at the surface.  Another mixed-species aggregation involved bottlenose dolphins with short-
finned pilot whales and rough-toothed dolphins. 


Reproduction/Breeding—Newborn calves are observed throughout the year and may be influenced by 
productivity and food abundance.  In 1993, it was reported that all his sightings of bottlenose dolphins in 
the western Pacific were of a larger, unspotted type (presumably the bottlenose dolphin, as opposed to the 
similar Indo-Pacific bottlenose dolphin).  The Indo-Pacific bottlenose dolphin is considered to be a 
species associated with continental margins, as it does not appear to occur around offshore islands great 
distances from a continent, such as the Marianas.  However, since the Indo-Pacific bottlenose dolphin 
occurs directly west and to the south of the Marianas area, there is the possibility of extralimital 
occurrences of this species. 


There are no stranding records available for this species in the Marianas area and vicinity, and only a 
mention that bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of 
bottlenose dolphins do not occur in great numbers in this island chain due to the fact that the area does not 
have a significant shelf component.  A similar situation could be occurring in the MIRC Study Area and 
vicinity. 


Diving Behavior—Pacific coast bottlenose dolphins feed primarily on surf and croakers, and also 
consume squid.  Navy bottlenose dolphins have been trained to reach maximum diving depths of about 
984 ft (298 m). 


The presence of deep-sea fish in the stomachs of some offshore individual bottlenose dolphins suggests 
that they dive to depths of more than 1,638 ft (496 m).  Dive durations up to 15 minutes have been 
recorded for trained individuals.  Typical dives, however, are more shallow and of a much shorter 
duration. 


Offshore bottlenose dolphins in the Bahamas dove to depths below 1,485 ft (450 m) and for over five 
minutes during the night but dives were shallow (<165 ft [50 m]) during the day.  In contrast, the dives of 
offshore bottlenose dolphins off the east coast of Australia were mostly within 16.5 ft (5 m) of the surface 
(approximately 67 percent of dives) with the deepest dives to only 495 ft (150 m).  A comparison of 
hemoglobin concentration and hematocrit, important to oxygen storage for diving, between Atlantic 
coastal and offshore bottlenose dolphins shows higher levels of both in offshore dolphins (Hersh and 
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Duffield, 1990).  The increase in hemoglobin and hematocrit suggest greater oxygen storage capacity in 
the offshore dolphin which may allow it to dive longer in the deep offshore areas that they inhabit. 


Acoustics—Sounds emitted by bottlenose dolphins have been classified into two broad categories: pulsed 
sounds (including clicks and burst-pulses) and narrow-band continuous sounds (whistles), which usually 
are frequency modulated (FM).  Clicks and whistles have a dominant frequency range of 110 to 130 kHz 
and a peak to peak source level of 218 to 228 dB re 1 μPa-m and 3.5 to 14.5 kHz and 125 to 173 dB re 1 
μPa-m, respectively.  Generally, whistles range in frequency from 0.8 to 24 kHz. 


The bottlenose dolphin has a functional high-frequency hearing limit of 160 kHz and can hear sounds at 
frequencies as low as 40 to 125 Hz (Turl, 1993).  Inner ear anatomy of this species has been described.  
Electrophysiological experiments suggest that the bottlenose dolphin brain has a dual analysis system: 
one specialized for ultrasonic clicks and the other for lower-frequency sounds, such as whistles.  
Scientists have reported a range of best sensitivity between 25 and 70 kHz, with peaks in sensitivity 
occurring at 25 and 50 kHz. 


Temporary threshold shift (TTS) in hearing have been experimentally induced in captive bottlenose 
dolphins using a variety of noises (i.e., broad-band, pulses).  For example, TTS has been induced with 
exposure to a 3 kHz, one-second pulse with sound exposure level (SEL) of 195 decibel re 1 micropascal 
squared-second (dB re 1 μPa2-s), one-second pulses from 3 to 20 kHz at 192 to 201 dB re 1 μPa, octave 
band noise (4 to 11 kHz) for 50 minutes at 179 dB re 1 μPa, and sonar signals (0.5 seconds in duration) 
spaced 24 seconds at 5.6 kHz.  Preliminary research indicates that TTS and recovery after noise exposure 
are frequency dependent and that an inverse relationship exists between exposure time and sound pressure 
level associated with exposure.  TTS was induced by repeated exposures to intense sonar pings with 
received sound exposure levels of 214 dB re: 1 μPa2-s, suggesting that for TTS to occur from sonar in the 
environment, the dolphin would need to be within 40 m of the source and exposed for approximately 2-
2.5 minutes.  The authors suggest that this would be an unlikely situation out in the open ocean and 
concluded that a SEL of 195 dB re 1 μPa2-s is a reasonable threshold for the onset of TTS in bottlenose 
dolphins exposed to mid-frequency tones. 


Cuvier’s beaked whale (Ziphius cavirostris) 
Population Status—There are no abundance estimates for the Cuvier’s beaked whale in this area.  The 
Cuvier’s beaked whale is designated as “least concern” on the 2009 IUCN Red List.  There was no 
density estimate for Cuvier’s beaked whales available from the Mariana Islands, therefore, a density 
estimate of 0.0052 animals per km2 (CV = 0.83) that was derived from the offshore Hawaii area was used. 


Distribution—Beaked whales may be expected to occur in the area mostly seaward of the shelf break.  
One ziphiid whale was observed during the Navy’s 2007 survey in deep water, but was not identified to 
the species level.  There is a low or unknown occurrence of beaked whales on the shelf between the 165 ft 
(50 m) isobath and the shelf break, which takes into account that deep waters come very close to the shore 
in this area.  In some locales, beaked whales can be found in waters over the shelf, so it is possible that 
beaked whales have similar habitat preferences here.  Occurrence patterns are expected to be the same 
throughout the year.  During marine mammal monitoring for Valiant Shield 07, a single Cuvier’s beaked 
whale was observed about 65 nm (120 km) south of Guam at the edge of the Mariana Trench.  Little is 
known about the habitat preferences of any beaked whale.  Based on current knowledge, beaked whales 
normally inhabit deep ocean waters (>6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 
2,000 m]), and only rarely stray over the continental shelf.  Cuvier’s beaked whale generally is sighted in 
waters >660 ft (200 m) deep, and is frequently recorded at depths >3,300 ft (1,000 m).  They are 
commonly sighted around seamounts, escarpments, and canyons and occur in deeper waters than 
Blainville’s beaked whales in the Bahamas.  In Hawaii, Cuvier’s beaked whales showed a high degree of 
site fidelity in a study spanning 21 years and showed that there was an offshore population and an island 
associated population.  The site fidelity in the island associated population was hypothesized to take 
advantage of the influence of islands on oceanographic conditions that may increase productivity. 
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Reproductive/Breeding—Little is known of beaked whale reproductive behavior.  


Diving Behavior—Cuvier’s beaked whales are generally sighted in waters with a bottom depth greater 
than about 650 ft (197 m) and are frequently recorded at depths of 3,282 ft (995 m) or more.  They are 
commonly sighted around seamounts, escarpments, and canyons.  In the eastern tropical Pacific Ocean, 
the mean bottom depth for Cuvier’s beaked whales is approximately 11,154 ft (3,380 m), with a 
maximum depth of over 16,732 ft (5,070 m).  Recent studies show that Cuvier’s beaked whales dive 
deeply (maximum of 4,757 ft [1,442 m]) and for long periods (maximum dive duration of 68.7 minutes) 
but also spent time at shallow depths.  Deep diving for Cuvier’s beaked whales have been recorded with a 
mean depth of 3,510 ft (1,064 m) and mean duration of 58 minutes. 


Acoustics—It has been suggested that beaked whale species use frequencies of between 300 Hz and 129 
kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  
Cuvier’s beaked whales’ echolocation clicks were recorded at frequencies from 20 to 70 kHz.  Cuvier’s 
beaked whales only echolocated below 660 ft (200 m).  Echolocation clicks are produced in trains 
(interclick intervals near 0.4 seconds) and individual clicks are frequency modulated pulses with durations 
of 200 to 300 microseconds, the center frequency was around 40 kHz with no energy below 20 kHz. 


In the only hearing study of a beaked whale, it was reported reported that the Gervais beaked whale 
(Mesoplodon europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted 
above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 


Dwarf Sperm Whale (Kogia sima) 
Population Status—The dwarf sperm whale is not listed as endangered under the ESA and is not a 
depleted or strategic stock under the MMPA.  The dwarf sperm whale is designated as “data deficient” on 
the 2009 IUCN Red List.  There is no information on the population trend of dwarf sperm whales or their 
abundance in the Marianas area.  There was no density estimate for dwarf sperm whales available from 
the Mariana Islands, therefore, a density estimate of 0.0078 animals per km2 (CV = 0.66) that was derived 
from the Hawaii offshore area was used. 


The difficulty in differentiating between the two Kogia species (dwarf sperm whales and pygmy sperm 
whales) considered in the MIRC EIS is exacerbated by their avoidance reaction towards ships and change 
in behavior towards approaching survey aircraft).  Based on the cryptic behavior of these species and their 
small group sizes (much like that of beaked whales), as well as similarity in appearance, it is difficult to 
identify these species in sightings at sea. 


Distribution—Both species of Kogia generally occur in waters along the continental shelf break and over 
the continental slope.  The primary occurrence for dwarf sperm whales is seaward of the shelf break and 
in deep water with a mean depth of 4,674 ft (779 fathoms, 1,416 m) (Baird 2005).  This takes into account 
their preference for deep waters.  There is a rare occurrence for Kogia inshore of the area of primary 
occurrence.  Occurrence is expected to be the same throughout the year.  Dwarf sperm whales showed a 
high degree of site fidelity, determined from photo identification over several years, in areas west of the 
island of Hawaii.  During marine mammal monitoring for Valiant Shield 07, a group of three 
dwarf/pygmy sperm whales were observed about eight nm (15 km) east of Guam. 


There are only two stranding records for the dwarf sperm whale in the MIRC area and vicinity. 


Reproduction/Breeding—There is no information on the breeding behavior within the MIRC.  No 
breeding or calving areas for the Mariana Islands have been described. 


Diving Behavior—Dwarf sperm whales feed on cephalopods and, less often, on deep-sea fishes and 
shrimps, making dives of up to 25 minutes.  Median dive times of around 11 minutes have been 
documented for Kogia. 


Acoustics—Although there is no information available on dwarf sperm whale vocalizations or hearing 
capabilities, there is data on the closely-related pygmy sperm whale.  Pygmy sperm whale clicks range 
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from 60 to 200 kHz, with a dominant frequency of 120 kHz.  An auditory brainstem response study 
indicates that pygmy sperm whales have their best hearing between 90 and 150 kHz, and it would be 
logical to assume similar acoustic characteristics in dwarf sperm whales due to similar feeding and diving 
behavior. 


Although little is known about the functional hearing range of Kogia, they are assumed to be most 
sensitive to acoustic energy in the high frequency range.  Active sonar outside this area may not result in 
responses as strong as those that occur within their best hearing sensitivity.  


Fraser’s Dolphin (Lagenodelphis hosei) 
Population Status—This species is designated as “least concern” on the 2009 IUCN Red List.  There are 
no abundance estimates available for the Fraser’s dolphin in this area.  There was no density estimate for 
Fraser’s dolphins available from the Mariana Islands, therefore, a density estimate of 0.0069 animals per 
km2 (CV = 1.11) that was derived from the Hawaii offshore area was used. 


Distribution—The Fraser’s dolphin is an oceanic species.  In the Gulf of Mexico, this species has been 
seen in waters over the abyssal plain.  In some locales, as noted earlier, Fraser’s dolphins do approach 
closer to shore, particularly in locations where the shelf is narrow and deep waters are nearby, so there is 
also a low or unknown occurrence from the 330 ft (100 m) isobath to the shelf break.  In the offshore 
eastern tropical Pacific, this species is distributed mainly in upwelling-modified waters.  Occurrence 
patterns are assumed to be the same throughout the year. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been identified (Jefferson and Leatherwood 1994). 


Diving Behavior—Fraser's dolphins feed on mid-water fishes, squids, and shrimps.  There is no 
information available on depths to which Fraser's dolphins dive, but they are thought to be capable of 
deep dives. 


Acoustics—Very little is known of the acoustic abilities of the Fraser’s dolphin.  Fraser's dolphin whistles 
have a frequency range of 7.6 to 13.4 kHz and recent data extended that range to 6.6 to 23.5 kHz with 
durations of 0.06 to 0.93 seconds.  There are no hearing data for this species. 


Ginkgo-toothed Beaked Whale (Mesoplodon ginkgodens) 
Population Status—There was no density estimate for ginkgo-toothed beaked whales available from the 
Mariana Islands, therefore, a density estimate of 0.0005 animals per km2 (CV = 0.45 – 1.00) that was 
derived from the Hawaii offshore area was used.  The ginkgo-toothed beaked whale is designated as “data 
deficient” in the North Pacific on the 2009 IUCN Red List. 


Distribution—Beaked whales normally inhabit deep ocean waters (>6,600 ft [2,000 m]) or continental 
slopes (660 to 6,600 ft [200 to 2,000 m]), and only rarely stray over the continental shelf.  Based on 
stranding records in the eastern Pacific Ocean, this species may select relatively cool, upwelling-modified 
habitats, such as those found in the California and Peru Currents and along the equatorial front.  Beaked 
whales may be expected to occur in the area including, and seaward of, the shelf break.  There is a low or 
unknown occurrence of beaked whales on the shelf between the 165 ft (50 m) isobath and the shelf break, 
which takes into account that deep waters come very close to the shore in this area.  In some locales, 
beaked whales can be found in waters over the shelf, so it is possible that beaked whales have similar 
habitat preferences here.  Occurrence patterns are expected to be the same throughout the year.  Very little 
is known about the distribution of this species.  What is known of its range suggests any records in the 
Marianas area and vicinity would be rare. 


The ginkgo-toothed whale is known only from strandings (there are no confirmed live sightings) in 
temperate and tropical waters of the Pacific and Indian Oceans.  There are no occurrence records for this 
species in the MIRC Study Area and vicinity, but this area is within the known distribution range for this 
species. 
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Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whales, the 
Baird’s beaked whale, feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish 
such as mackerel, sardine, and saury.  Blainville’s beaked whales off the west coast of Hawaii foraged in 
deep ocean areas (2,270 to 9,855ft [688 to 2,986 m]) with a maximum dive to 4,619 ft (1,400 m).  Dives 
ranged from at least 13 minutes (lost dive recorder during the dive) to a maximum of 68 minutes.  A mean 
depth of 2,740 ft (830 m) and mean duration of 46.5 minutes for Baird’s beaked whales have been 
reported. 


Acoustics—Nothing is known of the acoustic abilities of the gingko-toothed whale but information is 
available for other beaked whale species, suggesting that beaked whales use frequencies of between 300 
Hz and 129 kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social 
communication.  Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 
40 kHz and Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 


In the only hearing study on beaked whales, it was reported that the Gervais beaked whale (Mesoplodon 
europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted above 80 
kHz).  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 


Killer whale (Orcinus orca) 
Population Status—This species is designated as “data deficient” on the 2009 IUCN Red List.  There are 
no abundance estimates available for the killer whale within the MIRC Study Area.  Little is known of 
stock structure of killer whales in the North Pacific, with the exception of the northeastern Pacific where 
resident, transient, and offshore stocks have been described for coastal waters of Alaska, British 
Columbia, and Washington to California.  There was no density estimate for killer whales available from 
the Mariana Islands, therefore, a density estimate of 0.0002 animals per km2 (CV = 0.72) that was derived 
from the offshore Hawaii area was used. 


Distribution—Killer whales in general are uncommon in most tropical areas.  The distinctiveness of this 
species would lead it to be reported more than any other member of the dolphin family, if it occurs in a 
certain locale.  Killer whales have been reported in the tropical waters around Guam, Yap, and Palau “for 
years.”  However; a small number of sighting documentation substantiate this claim.  There are a few 
sightings (most are unconfirmed) of killer whales off Guam, including a sighting 14.6 nm (27 km) west of 
Tinian during January, 1997 reported to the NMFS Platforms of Opportunity Program.  There was also a 
badly decomposed killer whale found stranded on Guam in August 1981. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—The maximum depth recorded for free-ranging killer whales diving off British 
Columbia is about 864 ft (262 m).  On average, however, for seven tagged individuals, less than 1 percent 
of all dives examined were to depths greater than about 99 ft (30 m).  The longest duration of a recorded 
dive from a radio-tagged killer whale was 17 minutes. 


Acoustics—The killer whale produces a wide variety of clicks and whistles, but most of its sounds are 
pulsed and at 1 to 6 kHz.  Peak to peak source levels of echolocation signals range between 195 and 224 
dB re 1 μPa-m.  The source level of social vocalizations ranges between 137 to 157 dB re 1 μPa-m.  
Acoustic studies of resident killer whales in British Columbia have found that there are dialects, in their 
highly stereotyped, repetitive discrete calls, which are group-specific and shared by all group members.  
These dialects likely are used to maintain group identity and cohesion, and may serve as indicators of 
relatedness that help in the avoidance of inbreeding between closely related whales.  Dialects also have 
been documented in killer whales occurring in northern Norway, and likely occur in other locales as well.  
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The killer whale has the lowest frequency of maximum sensitivity and one of the lowest high frequency 
hearing limits known among toothed whales.  The upper limit of hearing is 100 kHz for this species.  The 
most sensitive frequency, in both behavioral and in auditory brainstem response audiograms, has been 
determined to be 20 kHz. 


Longman’s Beaked Whale (Indopacetus pacificus) 
Population Status—Longman’s beaked whale is considered to be a relatively rare beaked whale species.  
This species is listed as “data deficient” on the 2009 IUCN Red List.  There was no density estimate for 
Longman’s beaked whales available from the Mariana Islands, therefore, a density estimate of 0.0003 
animals per km2 (CV = 1.05) that was derived from the Hawaii offshore area was used. 


Distribution—Longman’s beaked whale appears to have a preference for warm tropical water, with most 
sightings occurring in waters with a SST warmer than 79ºF (26ºC).  Beaked whales normally inhabit deep 
ocean waters (>6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 2,000 m]), and only 
rarely stray over the continental shelf.  Longman’s beaked whale is known from tropical waters of the 
Pacific and Indian Oceans.  All Longman’s beaked whale sightings were reported south of 25ºN.  Beaked 
whales may be expected to occur in the area including around seaward of the shelf break.  Longman’s 
beaked whale is not as rare as previously thought but is not as common as the Cuvier’s and Mesoplodon 
beaked whales. 


In general, there is a low or unknown occurrence of beaked whales on the shelf between the 165 ft (50 m) 
isobath and the shelf break, which takes into account that deep waters come very close to the shore in this 
area.  In some locales, beaked whales can be found in waters over the shelf, so it is possible that beaked 
whales have similar habitat preferences in these areas. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Analysis of stomach contents from captured and stranded individuals suggests that 
beaked whales are deep-diving animals, feeding by suction.  Another species of beaked whale, the Baird’s 
beaked whale, feed mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as 
mackerel, sardine, and saury.  Prolonged dives by the Baird’s beaked whales for periods of up to 67 
minutes have been reported, though dives of about 84 to 114 ft (25 to 36 m) are typical, and dives of 45 
minutes are not unusual.  A mean depth of 2,740 ft (830 m) and mean duration of 46.5 minutes has been 
recorded for Baird’s beaked whales. 


Acoustics—Little is known of the acoustics of Longman’s beaked whale but information is available for 
other beaked whale species.  Beaked whales use frequencies of between 300 Hz and 129 kHz for 
echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  
Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz and 
Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 
 
Melon-headed Whale (Peponocephala electra) 
Population Status—There were an estimated 2,455 (CV = 0.70; 95% CI = 695-8,677) melon-headed 
whales in the MISTCS study area and density was estimated as 0.00428 animals per km2 (CV = 0.70 
USN, 2007a).  Melon-headed whale group size ranged from 80 to109 individuals.  This species is 
designated as “Least Concern” on the 2009 IUCN Red List. 


Distribution—The melon-headed whale is an oceanic species.  Occurrence patterns are assumed to be the 
same throughout the year.  There were two sightings of melon-headed whales during the Navy’s 2007 
survey, with group sizes of 80 to 109 individuals.  Additionally, there was a live stranding on the beach at 
Inarajan Bay, Guam in April 1980, and have been some sightings at Rota and Guam.  Melon-headed 
whales are expected to occur from the shelf break (660 ft [200 m] isobath) to seaward of the Marianas 
area and vicinity.  There is also a low or unknown occurrence from the coastline to the shelf break which 
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would take into account any sightings that could occur closer to shore since deep water is very close to 
shore at these islands.  For example, during 4 July 2004, there was a sighting of an estimated 500 to 700 
melon-headed whales and an undetermined smaller number of rough-toothed dolphins at Sasanhayan Bay 
(Rota) in waters with a bottom depth of 251 ft (76 m).  Occurrence patterns are assumed to be the same 
throughout the year. 


Melon-headed whales were sighted in waters with a bottom depth, ranging from 10,577 to 12,910 ft 
(3,205 to 3,912 m).  One of the two sightings was in the vicinity of the West Mariana Ridge.  Melon-
headed whales have also been observed in waters offshore of Palau. 


Reproduction/Breeding—Breeding behavior is unknown and it is unclear whether there is significant 
seasonality in calving. 


Diving Behavior—Melon-headed whales prey on squid, pelagic fishes, and occasionally crustaceans.  
Most of the fish and squid families eaten by this species consist of mesopelagic forms found in waters up 
to 4,950 ft (1,500 m) deep, suggesting that feeding takes place deep in the water column.  There is no 
information on specific diving depths for melon-headed whales. 


Acoustics—The only published acoustic information for melon-headed whales is from the southeastern 
Caribbean.  Sounds recorded included whistles and click sequences.  Whistles had dominant frequencies 
around 8 to 12 kHz; source levels for higher-level whistles were estimated at no more than 155 dB re 1 
μPa-m.  Clicks had dominant frequencies of 20 to 40 kHz; higher-level click bursts were judged to be 
about 165 dB re 1 μPa-m.  No data on hearing ability for this species are available. 


Pantropical spotted dolphin (Stenella attenuata) 
Population Status—There were an estimated 12,981 (CV = 0.70; 95% CI = 3,446-48,890) pantropical 
spotted dolphins in the MISTCS study area and density was estimated as 0.0226 animals per km2 (CV = 
0.70).  Pantropical spotted dolphin group size ranged from 1 to 115 individuals.  There were multiple 
sightings that included young calves, and one mixed species aggregation with melon-headed whales and 
another with an unidentified Balaenoptera spp.  These pantropical spotted dolphins were identified as the 
offshore morphotype. 


Pantropical spotted dolphins may have several stocks in the western Pacific, although this is not 
confirmed at present.  There were an estimated 127,800 spotted dolphins in the waters surrounding the 
Mariana Islands.  This species is designated as “least concern” on the 2009 IUCN Red List.  Three 
subspecies are recognized in the Pacific Ocean, two of which have not been formerly named.  S. a. 
subspecies A occurs in the offshore waters of the eastern tropical Pacific, S. a. subspecies B inhabits 
nearshore waters around the Hawaiian Islands, and S. a. graffmani occurs in coastal waters between Baja 
California and the northwestern coast of South America. 


Distribution—The pantropical spotted dolphin can be found throughout tropical and some subtropical 
oceans of the world.  Pantropical spotted dolphins are associated with warm tropical surface water.  
Pantropical spotted dolphins usually occur in deeper waters, and rarely over the continental shelf or 
continental shelf edge.  They are extremely gregarious, forming groups of hundreds or even thousands of 
individuals.  Range in the central Pacific is from the Hawaiian Islands in the north to at least the 
Marquesas in the south.  The pantropical spotted dolphin is primarily an oceanic species (Jefferson et al., 
1993).  Based on the known habitat preferences of the pantropical spotted dolphin, this species is 
expected to occur seaward of the shelf break (660 ft [200 m] isobath).  Low or unknown occurrence of the 
pantropical spotted dolphin from the coastline (except in harbors and lagoons) to the shelf break is based 
on sightings of pantropical spotted dolphins being reported in coastal waters of Guam. 


Pantropical spotted dolphins were sighted throughout the MIRC Study Area in waters with a variable 
bottom depth, ranging from 374 to 18,609 ft (113 to 5,639 m) in bottom depth.  The vast majority of the 
sightings (65 percent; 11 of 17 sightings) were in deep waters (>10,000 ft [3,030 m]); these findings 
match the known preference of this species for oceanic waters.  There was only one shallow-water 
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sighting 1.4 nm (2.5 km) north of Tinian during the humpback whale focal study, in waters with a bottom 
depth of 374 ft (113 m).  During marine mammal monitoring for Valiant Shield 07, a group of 30 
pantropical spotted dolphins was observed about 140 nm (255 km) south east of Guam.  


Reproduction/Breeding—In the Eastern Tropical Pacific there are two calving peaks, one in spring and 
one in fall. 


Diving Behavior—Results from various tracking and food habit studies suggest that pantropical spotted 
dolphins in the eastern tropical Pacific and off Hawaii feed primarily at night on epipelagic species and on 
mesopelagic species which rise towards the water’s surface after dark.  Dives during the day generally are 
shorter and shallower than dives at night; rates of descent and ascent are higher at night than during the 
day.  Similar mean dive durations and depths have been obtained for tagged pantropical spotted dolphins 
in the eastern tropical Pacific and off Hawaii. 


Acoustics—Pantropical spotted dolphin whistles have a dominant frequency range of 6.7 to 17.8 kHz.  
Click source levels between 197 and 220 dB re 1 μPa-m (peak to peak levels), within the range of 40 to 
140 kHz, have been recorded for pantropical spotted dolphins.  Data from Atlantic spotted dolphins are 
provided to fill in the gaps of acoustic information for pantropical spotted dolphins.  Echolocation clicks 
measured in wild Atlantic spotted dolphins showed bimodal ranges of 40 and 50 kHz and a high-
frequency peak between 110 and 130 kHz, with a source level of 210 dB re 1 μPa. 


There are no published hearing data for pantropical spotted dolphins.  Anatomy of the ear of the 
pantropical spotted dolphin has been studied; they have a Type II cochlea, like other delphinids. 


Pygmy killer whale (Feresa attenuata) 
Population Status—There was only one sighting of the pygmy killer whale with a group size of six 
animals.  Based on this one sighting, the best estimate of abundance was 78 individuals (CV = 0.88; 95% 
CI = 17-353) and density was estimated as 0.00014 animals per km2 (CV = 0.88).  This species is 
designated as “data deficient” on the 2009 IUCN Red List. 


Distribution—The pygmy killer whale is an oceanic species.  This species has a worldwide distribution in 
deep tropical and subtropical oceans.  Pygmy killer whales generally do not range north of 40°N or south 
of 35°S).  Reported sightings suggest that this species primarily occurs in equatorial waters, at least in the 
eastern tropical Pacific.  Most of the records outside the tropics are associated with strong, warm western 
boundary currents that effectively extend tropical conditions into higher latitudes. 


The sighting was made near the Mariana Trench, south of Guam, where the bottom depth was 14,564 ft 
(4,413 m).  This is consistent with the known habitat preferences of the species for deep, oceanic waters.  
Pygmy killer whales have also been observed in the waters offshore of Palau. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—There is no information on the diving behavior of pygmy killer whales. 


Acoustics—The pygmy killer whale produces clicks in the range of 45 to 117 kHz, with the main energy 
in the range of 70 to 85 kHz.  Peak to peak source levels were 197 to 223 dB re 1 μPa m.  There is no 
information on the hearing of pygmy killer whales. 


Pygmy sperm whale (Kogia breviceps) 
Population Status—Pygmy sperm whales are designated as “data deficient” on the 2009 IUCN Red List.  
There are no abundance estimates available for the Kogiidae family within the MIRC.  There was no 
density estimate for pygmy sperm whales available from the Mariana Islands, therefore, a density 
estimate of 0.0078 animals per km2 (CV = 0.77) that was derived from the Hawaii offshore area was used 
(Barlow 2006). 
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Distribution—Pygmy sperm whales have a worldwide distribution in tropical and temperate waters, and 
generally occur in waters along the continental shelf break and over the continental slope.  This takes into 
account their preference for deep waters.  There is only one stranding record available for Kogia in the 
MIRC Study Area and vicinity.  Identification to species for this genus is difficult, particularly at sea.  
There is a rare occurrence for Kogia inshore of the area of primary occurrence.  Occurrence is expected to 
be the same throughout the year.  During marine mammal monitoring for Valiant Shield 07, a group of 
three dwarf/pygmy sperm whales were observed about 8 nm (15 km) east of Guam. 


Reproduction/Breeding—In the Eastern Tropical Pacific there are two calving peaks, one in spring and 
one in fall. 


Diving Behavior—Pygmy sperm whales feed on cephalopods and, less often, on deep-sea fishes and 
shrimps.  Kogia make dives of up to 25 minutes with median dive times of around 11 minutes.  A 
satellite-tagged pygmy sperm whale released off Florida was found to make long nighttime dives, 
presumably indicating foraging on squid in the deep scattering layer.  Most sightings of Kogia are brief; 
these whales are often difficult to approach and they actively avoid aircraft and vessels. 


Acoustics—Pygmy sperm whale clicks range from 60 to 200 kHz, with a dominant frequency of 120 kHz.  
An auditory brainstem response study indicates that pygmy sperm whales have their best hearing between 
90 and 150 kHz. 


Risso’s dolphin (Grampus griseus) 
Population Status—This species is designated as “least concern” on the 2009 IUCN Red List.  Essentially 
nothing is known of stock structure of Risso’s dolphins in the western Pacific.  Assuming that several 
stocks may occur there, Japanese survey data was used to estimate that about 7,000 Risso’s dolphins 
occur in the area to the north of the Mariana Islands.  There was no density estimate for Risso’s dolphins 
available from the Mariana Islands; therefore, a density estimate of 0.0010 animals per km2 (CV = 0.65) 
that was derived from the Hawaii offshore area was used for acoustic effects modeling. 


Distribution—Risso’s dolphins are expected to occur in the Marianas area from the shelf break to 
seaward of the Marianas area and vicinity.  While there is a predominance of Risso’s dolphin sightings 
worldwide in areas with steep bottom topography, this species also is found in deeper waters.  The largest 
numbers for this species will likely be in the vicinity of the shelf break and upper continental slope.  
There is an area of low or unknown occurrence from the 165 ft (50 m) isobath to the shelf break.  This 
takes into consideration also the possibility that this species, with a preference for waters with steep 
bottom topography, might swim into areas where deep water is close to shore.  Risso’s dolphins have 
been observed in shallow waters in the northeastern Pacific, including near oceanic islands.  These sites 
are in areas where the continental shelf is narrow and deep water is closer to the shore.  Occurrence 
patterns are assumed to be the same throughout the year.  


A comprehensive study of the distribution of Risso’s dolphin in the Gulf of Mexico found that they used  
the steeper sections of the upper continental slope in waters 1,150–3,200 ft (350–975 m) deep.  Risso’s 
dolphins occur individually or in small to moderate-sized groups, normally ranging in numbers from 2 to 
nearly 250. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Risso’s dolphins may remain submerged on dives for up to 30 minutes.  Cephalopods 
are the primary prey. 


Acoustics—Risso’s dolphin vocalizations include broadband clicks, barks, buzzes, grunts, chirps, 
whistles, and simultaneous whistle and burst-pulse sounds.  The combined whistle and burst pulse sound 
appears to be unique to Risso’s dolphin.  Five different whistle types have been recorded, ranging in 
frequency from 4 to 22 kHz.  Broadband clicks had a frequency range of six to greater than 22 kHz.  
Low-frequency narrowband grunt vocalizations had a frequency range of 0.4 to 0.8 kHz.  A recent study 
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established empirically that Risso’s dolphins echolocate; estimated source levels were up to 216 to 225 
dB re 1 μPam (peak to peak levels) with two prominent peaks in the range of 30 to 50 kHz and 80 to 100 
kHz. 


The range of hearing in two Risso’s dolphins (one infant and one adult was 1.6 to 150 kHz with 
maximum sensitivity occurring between 8 and 64 kHz. 


Rough-toothed dolphin (Steno bredanensis) 
Population Status—There were only two sightings of the rough-toothed dolphin made during the 
MISTCS cruise.  There were an estimated 166 (CV = 0.89; 95% CI = 36-761) rough toothed dolphins in 
the MISTCS study area and density was estimated as 0.0029 animals per km2 (CV = 0.89).  Rough-
toothed dolphin group size was nine individuals.  A mixed-species aggregation involved common 
bottlenose dolphins with short finned pilot whales and rough-toothed dolphins.  There was one sighting of 
rough-toothed dolphin that included calves. 


The rough-toothed dolphin is designated as “least concern” on the 2009 IUCN Red List.  There are no 
abundance estimates for this species in this area.  Rough-toothed-dolphins are common in tropical areas, 
but not nearly as abundant as some other dolphin species.  Nothing is known about stock structure for the 
rough-toothed dolphin in the North Pacific. 


Distribution—Rough-toothed dolphins are typically found in tropical and warm temperate waters, rarely 
ranging north of 40°N or south of 35°S.  Occurrence patterns are expected to be the same throughout the 
year.  Rough-toothed dolphins occur in low densities throughout the ETP where surface water 
temperatures are generally above 77°F (25°C).  Sighting and stranding records in the eastern North 
Pacific Ocean are rare. 


There were two sightings of rough-toothed dolphins during the MISTCs survey, both in groups of nine 
individuals with calves present in one sighting.  As an oceanic species, the rough-tooth dolphin is 
expected to occur from the shelf break to seaward in this area.  There is also a low or unknown 
occurrence of rough-toothed dolphins from the coastline (including harbors and lagoons) to the shelf 
break, which takes into consideration the possibility of encountering this species in more shallow waters, 
based on distribution patterns for this species in other tropical locales.  In July 2004, there was a sighting 
of an undetermined smaller number of rough-toothed dolphins mixed in with a school of an estimated 500 
to 700 melon-headed whales at Sasanhayan Bay (Rota) in waters with a bottom depth of 249 ft.  


During marine mammal monitoring for Valiant Shield 07, a group of eight rough-toothed dolphins was 
observed about 102 nm (188 km) east of Guam.  Rough-toothed dolphins usually form groups of 10–20, 
but aggregations of hundreds can be found.  In the ETP, they have been found in mixed groups with 
spotted, spinner, and bottlenose dolphins suggesting that they are deep divers, and can dive for up to 15 
minutes.  They usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed 
dolphins were sighted in deep waters, ranging from 3,343 to 14,731 ft (1,013 to 4,464 m) in bottom depth.  
One sighting was off the island of Guguan, while the other was at the southern edge of the MIRC Study 
Area. 


Reproduction/Breeding—There is no information on the breeding behavior in this area.  No breeding or 
calving areas for the Mariana Islands have been described. 


Diving Behavior—Rough-toothed dolphins are deep divers and can stay under for up to 15 minutes.  They 
usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed dolphins may stay 
submerged for up to 15 minutes and are known to dive as deep as 230 ft (70 m), but can probably dive 
much deeper. 


Acoustics—The vocal repertoire of the rough-toothed dolphin includes broad-band clicks, barks, and 
whistles.  Echolocation clicks of rough-toothed dolphins are in the frequency range of 0.1 to 200 kHz, 
with a peak of about 25 kHz.  Whistles show a wide frequency range: 0.3 to >24 kHz.  There is little 
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published information on hearing ability of this species.  Preliminary data from (2005 showed that rough-
tooth dolphins hear from 5to 80 kHz (80 kHz was the upper limit tested) and probably higher frequencies. 


Short-beaked common dolphin (Delphinus delphis) 
Population Status—There are no abundance estimates for the short-beaked common dolphin within the 
MIRC.  This species is designated as “least concern” on the 2009 IUCN Red List.  There was no density 
estimate for short-beaked common dolphins available from the Mariana Islands, therefore, a density 
estimate of 0.0021 animals per km2 (CV = 0.28) that was derived from the ETP area was used for acoustic 
effects modeling. 


Distribution—Delphinus is a widely distributed genus of cetacean.  It is found worldwide in temperate, 
tropical, and subtropical seas.  The range of the short-beaked common dolphin may extend entirely across 
the tropical and temperate North Pacific.  There is a low or unknown occurrence of the short-beaked 
common dolphin from the shelf break to seaward of the Marianas area and vicinity.  Short-beaked 
common dolphins are thought to be more common in cool temperate waters of the North Pacific, although 
there are populations in cooler, upwelling modified waters of the eastern tropical Pacific.  The absence of 
known areas of major upwelling in the western tropical Pacific suggests that common dolphins will not be 
found there, although there have been some reports of sightings of this species.  However, the species 
identification of these records is not confirmed, and therefore is in doubt.  Occurrence patterns are 
assumed to be the same throughout the year. 


Reproduction/Breeding—The peak calving season occurs from spring and early summer. 


Diving Behavior—There are limited direct measurements for the short-beaked common dolphin dives, but 
dives to >660 ft (200 m) are possible, while most are in the range of 30 to 165 ft (9 to 50 m) based on a 
study of one tagged individual tracked off San Diego.  Stomach contents of Delphinus from California 
waters revealed 19 species of fish and two species of cephalopods; Delphinus feeds primarily on 
organisms in the vertically migrating deep scattering layer.  Fluctuations in vocal activity of this species 
(more vocal activity during late evening and early morning) appear to be linked to feeding on the deep 
scattering layer as it rises during the same time. 


Acoustics—Recorded Delphinus vocalizations (which are similar among species within this genus) 
include whistles, chirps, barks, and clicks.  Clicks and whistles have dominant frequency ranges of 23 to 
67 kHz and 0.5 to 18 kHz, respectively, with maximum source levels at approximately 180 dB 1 μPa-m.  
Short-beaked common dolphins in the ETP have whistles with a mean frequency range of 6.3 kHz, mean 
maximum frequency of 13.6 kHz, and mean duration of 0.8 seconds. 


Auditory brainstem responses from a common dolphin have been recorded.  The audiogram was U-
shaped with a steeper high-frequency branch.  The audiogram bandwidth was up to 128 kHz at a level of 
100 dB above the minimum threshold.  The minimum thresholds were observed at frequencies of 60 to 70 
kHz. 


Short-finned pilot whale (Globicephala macrorhynchus) 
Population Status—There were an estimated 909 (CV = 0.68; 95% CI = 230-3,590) short-finned pilot 
whales in the MISTCS study area and density was estimated as 0.00159 animals per km2 (CV = 0.68). 


This species is designated as “data deficient” on the 2009 IUCN Red List.  There are no abundance 
estimates for the short-finned pilot whale in this area.  Stock structure of short-finned pilot whales has not 
been adequately studied in the North Pacific, except in Japanese waters, where two stocks have been 
identified based on pigmentation patterns and head shape differences of adult males.  The southern stock 
of short-finned pilot whales, which is probably the one associated with the Mariana Islands area, has been 
estimated to number about 18,700 whales in the area south of 30°N latitude. 


Distribution—Sightings in the vicinity of the Northern Mariana Islands were reported during February 
through March 1994, but did not provide the actual sighting coordinates.  A group of more than 30 
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individuals was sighted in late April 1977 near Urunao Point, off the northwest coast of Guam.  A 
stranding occurred on Guam in July 1980.  


Expected occurrence of the short-finned pilot whale in the MIRC and vicinity is seaward of the 330 ft 
(100 m) isobath.  The known preference of this species globally for steep bottom topography, which is 
most probably related to distribution of squid, was considered.  With a narrow shelf and deep waters in 
close proximity to the shore, there is also a low or unknown occurrence of pilot whales in waters over the 
shelf from the coastline to the 330 ft (100 m) isobath, not including any lagoons.  Occurrence patterns are 
assumed to be the same throughout the year. 


Short-finned pilot whale group size ranged from 5 to 43 individuals.  A mixed-species aggregation 
involved bottlenose dolphins with short-finned pilot whales and rough-toothed dolphins.  No calves were 
seen.  Short-finned pilot whales were sighted in waters with a bottom depth, ranging from 3,041 to 14,731 
ft (922 to 4,464 m) in bottom depth.  Three sightings were over the West Mariana Ridge (an area of 
seamounts), another sighting was 7 nm (13 km) off the northeast corner of Guam, just inshore of the 
9,900 ft (3,000 m) isobath.  There was also an off-effort sighting of a group of 6 to 10 pilot whales near 
the mouth of Apra Harbor. 


Reproduction/Breeding—Calving and breeding peaks occurs in the spring and summer or spring and 
autumn depending on the population. 


Diving Behavior—Long-finned pilot whales are deep divers; the maximum dive depth measured is 
approximately 2,125 ft (648 m).  Pilot whales feed primarily on squid, but also take octopus, cuttlefish, 
herring, and other small fish when squid are not available.  Pilot whales are not generally known to prey 
on other marine mammals; however, records from the eastern tropical Pacific suggest that the short-
finned pilot whale does occasionally chase, attack, and may eat dolphins during fishery operations, and 
they have been observed harassing sperm whales in the Gulf of Mexico. 


Acoustics—Short-finned pilot whale whistles and clicks have a dominant frequency range of 2 to 14 kHz 
and a source level of 180 dB re 1 μPa-m for whistles.  There are no published hearing data available for 
this species. 


Spinner dolphin (Stenella longirostris) 
Population Status—During the MISTCS there was only one sighting of spinner dolphins with a group 
size of 98 animals.  There were an estimated 1,803 (CV = 0.96; 95% CI = 361-9,004) spinner dolphins in 
the MISTCS study area and density was estimated as 0.00314 animals per km2 (CV = 0.96).  There is 
some anecdotal information from commercial boat operators of spinner dolphins regularly using Agat 
Bay but there is no systematic survey information to estimate abundance or density.  This species is 
designated as “data deficient” on the 2009 IUCN Red List). 


Distribution—The spinner dolphin is found in tropical and subtropical waters worldwide.  Limits are near 
40°N and 40°S.  The spinner dolphin is expected to occur throughout the entire Marianas area and 
vicinity, except within Apra Harbor, where there is a low or unknown occurrence for this species.  
Spinner dolphins are behaviorally sensitive and avoid areas with much anthropogenic usage, which is 
why this species is not expected to occur in Apra Harbor.  Spinner dolphins occur regularly in Agat Bay, 
off Haputo Beach, and in Agat Bay, off Haputo Beach, and in Cocos Lagoons on Guam, where these 
animals congregate during the day to rest.  In the Mariana Islands, dolphins are reported in Saipan Lagoon 
at Saipan nearly every year, and they were observed off Saipan during the MISTCs survey in 1,406 ft 
(426 m) of water.  Typically, sightings are from the northern part of the lagoon, referred to as Tanapag 
Lagoon.  Spinner dolphins travel among the Mariana island chain.  Spinner dolphins are seen at Farallon 
de Medinilla, Guam, at Rota, and at Palau. 


Spinner dolphins at islands and atolls rest during daytime hours in shallow, wind-sheltered nearshore 
waters and forage over deep waters at night.  Spinner dolphins are expected to occur in shallow water 
(about 162 ft [49 m] or less) resting areas throughout the middle of the day, moving into deep waters 
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offshore during the night to feed.  Preferred resting habitat is usually more sheltered from prevailing 
tradewinds than adjacent areas and the bottom substrate is generally dominated by large stretches of white 
sand bottom rather than the prevailing reef and rock bottom along most other parts of the.  These clear, 
calm waters and light bottom substrates provide a less cryptic backdrop for predators like tiger sharks.  
High-use areas at Guam include Bile Bay, Tumon Bay, Double Reef, north Agat Bay, and off Merizo 
(Cocos Lagoon area).  During the MISTCS cruise spinner dolphins were sighted northeast of Saipan in 
waters with a bottom depth of 1,398 ft (424 m).  Beaches currently authorized for amphibious landings 
include Tipalao and Dadi beaches on Guam.  Both beaches are adjacent to known spinner dolphin resting 
habitat. 


Reproductive/Breeding—There is no information on the breeding behavior in this area. 


Diving Behavior—Spinner dolphins feed primarily on small mesopelagic fishes, squids, and sergestid 
shrimp and they dive to at least 656 to 984 ft (109 to 164 fathoms, 200 to 300 m).  Foraging can begin in 
the late afternoon, but takes place primarily at night when the mesopelagic prey migrates vertically 
towards the surface and also horizontally towards the shore. 


Acoustics—Spinner dolphins produce whistles in the range of 1 to 22.5 kHz with the dominant frequency 
being 6.8 to 17.9 kHz, although their full range of hearing may extend down to 1 kHz or below as 
reported for other small odontocetes.  Spinner dolphins consistently produce whistles with frequencies as 
high as 16.9 to 17.9 kHz, with a maximum frequency for the fundamental component at 24.9 kHz.  Clicks 
have a dominant frequency of 60 kHz.  The burst pulses are predominantly ultrasonic, often with little or 
no energy below 20 kHz.  Peak to peak source levels between 195 and 222 dB re 1 μPa-m have been 
recorded for spinner dolphin clicks.  Their echolocation clicks range up to at least 65 kHz.  


Striped dolphin (Stenella coeruleoalba) 
Population Status—There were an estimated 3,531 (CV = 0.54; 95% CI = 1,250-9,977) striped dolphins 
in the MISTCS study area and density was estimated as 0.00616 animals per km2 (CV = 0.54).  Striped 
dolphin group size ranged from 7 to 44 individuals and several sightings contained calves.  This species is 
designated as “least concern” on the 2009 IUCN Red List.  The stock structure of striped dolphins in the 
western Pacific is poorly known, although there is evidence for more than one stock.  A putative 
population south of 30°N in the western Pacific was estimated to number about 52,600 dolphins, and this 
is probably the group from which any striped dolphins around the Marianas would come from. 


Distribution—Striped dolphins have a cosmopolitan distribution in tropical to warm temperate waters.  
Their preferred habitat seems to be deep water along the edge and seaward of the continental shelf, 
particularly in areas influenced by warm currents.  This species is well documented in both the western 
and eastern Pacific off the coasts of Japan and North America; the northern limits are the Sea of Japan, 
Hokkaido, Washington state, and along roughly 40°N across the western and central Pacific. 


Prior to the MISTCs survey, striped dolphins were only known from one stranding that occurred in July 
1985.  However, several striped dolphin sightings were made in waters ranging from 8,686 to 24,981 ft 
(2,362 to 7,570 m) of water.  Group size ranged from 7 to 44 individuals.  None were observed south of 
Guam. 


Striped dolphins are gregarious (groups of 20 or more are common) and active at the surface.  A mean 
group size of 61 was noted in the ETP, and a mean group size of 50 in the Galapagos.  Striped dolphins 
were sighted throughout the MIRC Study Area in waters with a variable bottom depth, ranging from 
7,749 to 24,835 ft (2,348 to 7,526 m) in bottom depth.  There was at least one sighting over the Mariana 
Trench, southeast of Saipan.  There were no sightings south of Guam (approximately 13°N).  


Reproduction/Breeding—Off Japan, where their biology has been best studied, there are two calving 
peaks: one in summer, another in winter. 


Diving Behavior—Striped dolphins often feed in pelagic or benthopelagic zones along the continental 
slope or just beyond oceanic waters.  A majority of the prey possess luminescent organs, suggesting that 
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striped dolphins may be feeding at great depths, possibly diving to about 656 to 2,297 ft (200 to 700 m) to 
reach potential prey.  Striped dolphins may feed at night, in order to take advantage of the deep scattering 
layer’s diurnal vertical movements.  Small, mid-water fishes (in particular, myctophids or lanternfish) and 
squids are the dominant prey. 


Acoustics—Striped dolphin whistles range from 6 to at least 24 kHz, with dominant frequencies ranging 
from 8 to 12.5 kHz.  The striped dolphin’s range of most sensitive hearing (defined as the frequency range 
with sensitivities within 10 dB of maximum sensitivity) was determined to be 29 to 123 kHz using 
standard psychoacoustic techniques; maximum sensitivity occurred at 64 kHz. 
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From: Donald Hubner [mailto:donald.hubner@noaa.gov] 
Sent: Monday, March 25, 2013 8:35 PM 
To: Hubbs, Mark Edward CIV USARMY SMDC (US) 
Cc: Opay, Patrick CIV (US); Harrison, Julia M CIV (US); Lefors, Jayne M CIV 
(US) 
  
Subject: Re: Informal consultation for MMIII Extended Range Testing 
(UNCLASSIFIED) 
  
Mark, 
  
NMFS PRD here submits its comments for the February 2013 Draft Biological 
Assessment (DBA) prepared by the US Army Space and Missile defense Command / 
Army Forces Strategic Command (SMDC/AFSC) for the Minuteman III Extended 
Range Flight Testing proposed by the US Air Force Global Strike Command 
(GSC) (See the attached pdf).  Also, please note that I have some questions 
about what species are being considered in the requested consultation, and 
under what statutes SMDC/AFSC is consulting.  I am copying Ms. Jolie 
Harrision, whose office conducts consultations under the MMPA.  I look 
forward to working with you to complete the consultation for the proposed 
action. 

  

Thank you, Don 

-- 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 

        
     
       




 
Mr. Mark Hubbs 
Environmental Protection Specialist/Archaeologist 
U.S. Army Space and Missile Defense Command/ Army Forces Strategic Command 
Post Office Box 1500 
Huntsville, Alabama 35807-3801 
 
                                                                                                                                  March 25, 2013 
 
Comments for the February 2013 Draft Biological Assessment (DBA) prepared by the US Army 
Space and Missile defense Command / Army Forces Strategic Command (SMDC/AFSC) for the 
Minuteman III Extended Range Flight Testing proposed by the US Air Force Global Strike 
Command (GSC). 
                                                                                                                                   
 
In the March 13, 2013 e-mail from Mark Hubbs, SMDC/AFSC indicated that they and GSC 
would seek concurrence from National Marine Fisheries Service (NMFS) Pacific Islands 
Regional Office (PIRO) that the proposed action may affect, but is not likely to adversely affect 
(NLAA) “marine resources in the area of the test”.  The DBA went on to explain that in addition 
to the U.S. Endangered Species Act (ESA) and Marine Mammal Protection Act (MMPA), the 
requested consultation would also consider the Compacts of Free Association between the US 
and the governments of the Federated States of Micronesia (FSM) and the Republic of Palau 
(ROP) (DBA Page 1-6, lines 32 – 45).   
 
For the portions of this action that would occur in US waters and in the open ocean (including 
the waters within the EEZs of the FSM and the ROP, but outside of their territorial waters) 
NMFS PIRO Protected Resources Division (PRD) can consult with SMDC/AFSC for the species 
protected under the ESA.  For the marine mammals protected under the MMPA, SMDC/AFSC 
should contact Ms. Jolie Harrison of the NMFS Protected Resources Office in Silver Spring MD 
(Jolie.Harrison@noaa.gov) to determine if consultation under the MMPA would be required, and 
if that office would concur with the NLAA determination. 
 
As to the requested consultation for species protected under FSM or ROP law, other than those 
also protected under the ESA and/or the MMPA, please clearly identify those species (with the 
exception of those species SMDC/AFSC has determined “no effect”).  In the absence of 
established environmental standards that identifies protected species and governs consultations in 
the FSM or the ROP (as compared to the UES in the RMI), PIRO PRD recommends that the 
consultation be limited to the ESA/MMPA species that may occur in the action area.  It may be 
beneficial for SMDC, PIRO PRD, and NMFS OPR to discuss this over the phone. 
 
PRD assumes that the federal action agency (SMDC/AFSC or GSC) intends to provide PIRO 
with a letter to request informal consultation under section 7 of the ESA (and the respective 
Compacts of Free Association), specifically requesting concurrence with the determination that 
the action would be NLAA, based on the analysis of expected effects on ESA-listed species as 
detailed in a final BA.  In order for NMFS to concur with a NLAA determination, the BA must 







demonstrate that the action’s expected stressors would cause insignificant effects for exposed 
ESA-listed species, or that the likelihood of exposure of those species would be discountable. 
 
Please ensure that, in addition to identifying the proposed action, the consultation request letter 
clearly identifies the federal action agency, as well as identifies the agency that is responsible for 
completing the ESA consultation.  For instance, if GSC is the action agency, but they have 
designated SMDC/AFSC as their representative to complete the ESA consultation, then the 
consultation request letter must make that clear. 
 
DBA-specific Comments 
 
Page 1-2: Insert 1.3.4 to describe the RV impact zones. 
 
Page 1-5, Figure 14:  What does “3(sigma?) dispersion” mean?  Explain this in the text about the 
drop zones. 
 
Page 1-8:  Provide a section to describe the solid rocket motor sections.  Include their 
size/weights, and volumes of fuel and other toxic fluids. 
Page 1-8, lines 27-33: Confirm the maximum number of RVs.  Line 28 suggests that there could 
be 1 to 3 RVs per shot, but the text does not actually say that. 
 
Page 1-9, lines 21-22: Change to make a positive statement.  “Intentional discharge of …is 
prohibited” Add the requirement that measure be taken to inspect and repair equipment to 
prevent leaks, and for the containment and clean-up of spills. 
Lines 23-25: Change “ship personnel would monitor for…” to “vessel operators would watch for 
and avoid protected marine species to avoid…” 
 
Page 2-1, line 1:  suggest changing the section name to “Species of Concern”  
 
Page 2-1, Table 2-1: 
Loggerhead Turtle: recommend replacing the asterisk with “North Pacific Ocean DPS” and 
change the “T” to “E”. 
False Killer Whale: Insert second line for the FKW Main Hawaiian Island Insular Stock DPS, 
federal status “E”.  All other FKW are MMPA only 
 
Page 2-3, lines 31-37: “Information in this section is taken from the recovery plans and status 
reviews for each species” (cite both docs. for all 5 species considered here). 
 
Page 2-7, line 32:  “occur in the pelagic waters (vice western portion) of the Pacific Ocean, 
where they could be affected by the proposed action.”  Drop “with three strays, and two 
restricted to …”  It is not clear what this is saying or how it ties into the eventual effects 
determination. 
 
Line 38: strike “candidate” to read: “…ESA-listed as threatened or endangered.” 
 







Page 2-8 and all ESA whales except sperm: At the start of the second paragraph for each, 
identify them as baleen whales (mysticetes). 
 
Page 2-8, lines 12 – 14: include the western Pacific stock since it would be those animals that 
might be in the RV impact areas.  Line 23: Correct hearing range to 7 Hz to 22 kHz (Southall et 
al. 2007). 
 
Page 2-10, lines 23 – 37: Sperm whales are mid-frequency specialists with hearing between 150 
Hz and 160 kHz. 
 
For all cetaceans: Be sure that the acoustics discussions include their respective functional 
hearing group as described in (Southall et al. 2007).  
 
For all cetaceans: Consider including a brief discussion about their social behavior to describe 
where they most often occur (near shore vs pelagic environments), as well as their distribution.  
Some are widely scattered and in low numbers, while others may occur in large numbers.  For 
example, mysticetes are widely distributed and are most often observed as single individuals or 
in small groups.  Adult male sperm whales are typically alone or in small groups, whereas adult 
females and juvenile males occur in larger groups.  Several of the dolphins are often seen in 
massive schools of hundreds up to thousands of individuals.  (Reeves et al. 2002)  
 
Reeves, R.R., B.S. Stewart, P.J. Clapham, and J.A. Powell. 2002. Guide to Marine Mammals of 
the World. Alfred A. Knopf, Inc., New York, NY. 
 
Page 2-11, 2.3.1.6: False Killer Whale:  The Main Hawaiian Islands Insular Stock DPS was 
listed as endangered under the ESA on November 28, 2012 (77 FR 70915).  The range of the 
DPS is within 140 km of the MHI (U.S. Pacific Marine Mammal Stock Assessments: 2012 
(DRAFT) found at: http://www.nmfs.noaa.gov/pr/pdfs/sars/po2012_draft.pdf 
 
Because the proposed action would have no impacts within 140 km of the MHI, the BA should 
briefly state here that the proposed action would have “No Effect” in the Main Hawaiian Islands 
Insular False Killer Whale Stock DPS.  Then move the detailed FKW discussion into the MMPA 
section.  FKW are mid-freq specialists, and gregarious, occurring in croups of 10 to 20 
individuals and aggregations into the 100s.   
 
The Effects of the Action Section is presented in a disjoint and confusing manner, and it seems 
incomplete.  To better support the NLAA determination and facilitate NMFS concurrence I 
suggest that it be reorganized as follows after the line-specific comments below. 
 
Page 3-1, lines 18 - 23: Based on previous consultations for similar actions, the expected 
stressors that should be addressed include:  1) Exposure to elevated noise levels; 2) Impact of 
falling missile components; 3) Exposure to hazardous materials (may include ingestion of debris 
if you feel that it a potential); 4) Disturbance from human activity and equipment operation 
through aircraft and vessel operations in the BOA; and 5) Collision with vessels.  Since several 
of these stressors may occur both in the over-ocean component and in the BOA impact area, I 
again suggest considering reorganizing the assessment as recommended below.  I also suggest 







that the assessments be written to include all of the affected species under each stressor, vice 
assessments for the individual species. 
 
Page 3-1, lines 21- 23: Post operation activities such as ship movement due to cleanup are not 
anticipated to result in adverse impacts to marine species. Ship captains in the area are aware of 
the procedures for avoiding large marine species.  Not substantiated well enough to justify 
collisions being discountable.  There should be specific language in the BMP/mitigation plan to 
require vessel operators to watch for and avoid protected marine species with the intention that 
they would remain 100 yards from whales and 50 yards away from other protected species. 
 
Page 3-1, lines 25- 26: Change to read: “The effects determinations are no effect; may affect but 
not likely to adversely affect; or may affect and likely to adversely affect.”  Wholly beneficial 
effects would fall under may affect, not likely to adversely affect. 
 
Page 3-1, lines 26:  The discussion about effect determinations is confusing and inaccurate.  An 
effect determination is based on the likelihood of exposing individuals to action-related stressors, 
and on the significance of the effects that exposure is expected to have on those individuals.  
Detailed information about how to better describe the effects determination process and of 
jeopardy analysis can be found at several NMFS websites, including:  
 
http://www.fpir.noaa.gov/PRD/prd_esa_section_7.html 
 
http://www.fpir.noaa.gov/Library/PRD/ESA%20Consultation/pdf%20files%20of%20word%20d
ocs/Effects%20Determination%20Guidance%20-%206.14.11.pdf 
 
Page 3-1 line 32:  The statement “Takes are defined differently under the ESA and MMPA, but 
only the definition under the MMPA is relevant to cetaceans.” is inaccurate.  All cetaceans are 
protected under the MMPA, a subset of those are also protected under the ESA.  Both take 
definitions would apply to ESA-listed marine mammals.  Please see 
http://www.nmfs.noaa.gov/pr/species/ for MMPA information in addition to the ESA 
information suggested above. 
 
Take: 
 
Under the MMPA: "harass, hunt, capture, kill or collect, or attempt to harass, hunt, capture, kill 
or collect." 
Under the ESA: "to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to 
attempt to engage in any such conduct." 
 
Because it is the assertion of the USAF that this action would be NLAA for the species under 
NMFS jurisdiction, it would be best to focus the discussion on supporting the determination that 
no individuals are expected to be adversely affected, which supports the conclusion that there 
would be insignificant population-level impacts.  Stay away from performing a jeopardy 
analysis.  That only applies in a formal consultation, and is NMFS’s responsibility. 
 







The BA must support its effects determinations.  I suggest that it be reorganized such that it 
identifies individual stressors, and in the discussion of each stressor, indicate where it could be a 
concern, and which animals could be impacted.  Also, don’t spend much text on the Vandenberg 
area other than to inform the reader that those effects are already considered and covered under 
consultations and permits for the ongoing activities there. 
 
Based on the presented discussion, and on previous consultations done for similar actions, the 
stressors could be organized as below, and that sections 3.3 - 3.6 reorganized accordingly. 
 
Launch from Vandenberg AFB: The effects of pre-launch and launch activities associated with 
the proposed action at Vandenberg AFB are considered to be included within and covered under 
the consultations and permits for the ongoing activities there.  As such, those activities are not 
considered in this BA (cite to applicable consultations, permits, FR notices, or other evidence of 
current coverage). 
 
Over-Ocean Flight Corridor - In-flight and booster impact effects of concern are: 
1. Exposure to elevated noise levels during flight; 
2. Impact of falling missile components; and  
3. Exposure to hazardous materials. 
 
Broad Ocean Area - In-flight and impact effects of concern are: 
1. Exposure to elevated noise levels during flight; 
2. Impact of falling missile components; 
3. Exposure to hazardous materials; 
4. Disturbance from human activity and equipment operation through aircraft and vessel 
operations in the BOA; and  
5. Collision with vessels; 
 
The text below (modified from previous consultations) is presented here only as an example.  I 
recommend that it be reviewed carefully, modified/corrected as appropriate, be sure to use the 
updated project-specific information and cite references as appropriate. 
 
1. Exposure to elevated noise levels during flight: The rocket boosters will produce high noise 
levels as the missiles arc over the ocean. The missiles are expected to begin generating sonic 
booms at about # km (# nautical miles) off the coast. The RVs will generate their own sonic 
booms through the duration of their flights, which will end with high level concussive noise 
generated by hypersonic impact with the water in the BOA. High intensity noises such as these 
may adversely affect marine life. Effects vary with the frequency, intensity, and duration of the 
sound source, and the hearing characteristics of the affected animal. Effects may include: (1) 
permanent hearing damage, also referred to as permanent threshold shift (PTS); (2) temporarily 
reduced sensitivity also referred to as temporary threshold shifts (TTS); and (3) temporarily 
masked communications or acoustic environmental cues and modified behaviors. 
 
Describe the expected sonic impacts (Sonic Booms):  Example: Sonic impacts will be limited to 
those of two flights along different flight paths, conducted with an unspecified temporal 
separation. Although the at-the-surface acoustic footprint of these flights may extend many 







miles, the maximum SPLs described below will occur directly beneath the vehicle, and the in-
water SPL will drop quickly with distance from that point.  The launch vehicle would generate a 
sonic boom. Sonic booms are high intensity, low frequency, short duration sonic events. 
Frequencies are generally below 1 kHz, and a boom typically last no longer than 250 
milliseconds (1/4 of a second) as it passes a given location. The maximum expected SPL for the 
launch vehicle’s sonic boom, 171 dB re 1 µPa in water, will occur at about ## km (## nautical 
miles) off the California coast, and will decrease as the vehicle gains altitude. The maximum 
expected SPL for the RV sonic boom is ### dB re 1 µPa at the water’s surface. During the 
terminal phase of the flight, the RV will generate a sonic boom, with a maximum SPL of ### dB 
re 1 µPa the water’s surface, just prior to impact. 
 
The launch vehicle sonic boom is above the TTS threshold for impulsive sounds, and RV’s 
terminal phase sonic boom is above the PTS threshold. However, these in-flight sources are 
expected to generate minimal in-water sonic footprints where adverse levels of sound may be 
encountered, and the potential exposure window consists of a single 1/4-second event per flight 
at any given location along the flight path. Laney and Cavanagh (2000) report that sound waves 
arriving at the air/water interface at an angle less steep than 13.3º from of the vertical will decay 
exponentially with distance and as such will not normally propagate in water. Based on this, the 
in-water footprint where adversely high levels of sound due to sonic booms would occur is 
expected to be very small, confined almost exclusively to the area directly below the vehicle. 
 
Laney, H. and R.C. Cavanagh. 2000. Supersonic Aircraft Noise at and Beneath the Ocean 
Surface: Estimation of Risk for Effects on Marine Mammals. Interim Report for the period 
October 1996 to April 2000. Science Applications International Corp. 1710 Goodridge Drive, 
McLean VA. 22102 for the United States Air Force Research Laboratory. June 2000. 46 pp. 
 
Based on the limited area for potential exposure to adverse sound levels, the brief duration of the 
sound, and on the belief that marine species density along the projected flight paths is low and 
patchy in distribution, we consider it discountable that marine species will be exposed to adverse 
levels of in flight noise. 
 
2. Impact of falling missile components:  
Quantify the number of expected impacts per flight and describe the impacts (size, weight, 
velocity of components) to define the expected zones of effect. 
 
Example: The MM III ER test flights would result in a maximum of 11(?) significant impact 
events per mission; three boosters, two interstages, an instrument wafer, a guidance set, a 
propulsion system rocket engine, and up to three RVs. Booster stages 1-3 weigh about 44,500 
kg, 24,500 kg, and 7,100 kg, respectively, and are expected to impact at about 69-79 m/sec. The 
RVs weigh about ## kg, and will impact at a much higher velocity. These impacts are expected 
to generate concussive noise events similar to explosive detonations (DARPA & SMC 2008). 
The other components would be lighter and impact velocities are expected to be much lower than 
the heavier components. Impact events may adversely affect marine species through injury from 
direct contact or from barotrauma due to close proximity to the concussive forces, or through 
exposure to adverse levels of sound.  
 







Defence Advanced Research Projects Agency and US Air Force Space and Missile Systems 
Center (DARPA & SMC). 2008. Environmental Assessment for Hypersonic Technology Vehicle 
2 Test Flights – Final Draft. May 2008. 139 pp. 
 
Describe the expected zones of effect: Expected range from the impact where proximity would 
cause physical injury or death; and where acoustic energy would fall below the thresholds for 
PTS and TTS / behavioral disturbance.  Identify the exposure thresholds used and cite to the 
authority to use the DoD explosive exposure thresholds described in the BA (vice the standard 
thresholds used by NMFS for other actions: i.e. 180 dB for PTS, and 160 dB for TTS BD for 
impulsive noise).  Explain the attenuation model or computer program output used to determine 
the ranges to the respective isopleths.  For open ocean NMFS would use RL = SL – 20log(range 
in meters). 
 
Based on the 240 dB level at the impact site (page 3-9, Table 3-1), assuming spherical spreading 
(RL = SL – 20log(R)), and applying the NMFS thresholds for impulsive noise: 180 = 240 – 
20log(1,000 meters), 160 dB would occur at 10,000 meters. 
 
Support the determination that it is discountable that marine mammals would be exposed to 
direct impact or adversely high sound levels based on the expectation that marine mammal and 
sea turtle density along the projected flight paths is expected to be very low and patchy in 
distribution, on the small size of the impact zones, the low number of impacts, and the expected 
separation between impacts (upwards of thousands of miles between impact points).  
 
3. Exposure to hazardous materials: Missile launches will introduce chemicals such as 
propellant, hydraulic fluids, battery fluids, and some heavy metals into the marine environment, 
due to splashdown of booster sections and the RVs. Vessel and heavy equipment operation 
related to monitoring the terminal phase of the flights may also introduce wastes or discharges 
into the marine environment. 
 
Describe/quantify the sources.  Example - The inside of spent rocket motor casings will contain 
only a residual coating of aluminum oxide and burnt hydrocarbons. The amount of other toxic 
substances, such as battery and hydraulic fluids and heavy metals would be small (refer to 
section 3 in the BA). Additionally, these substances, along with the structural debris, would 
immediately sink to several thousand feet, well away from protected marine species. Based on 
the low volume of toxic materials involved and the depth of its deposition, protected marine 
species are highly unlikely to encounter significant concentrations of toxicants from spent 
missile sections. In the unlikely event of a launch failure, unburned solid propellant would likely 
enter the marine environment. However, the leaching rate of ammonium perchlorate in ocean 
water is very low, and the material will likely be spread out over a large area and in deep water. 
Thus, slow dilution over many years is expected to prevent accumulation of toxic concentrations. 
 
The RVs contains small quantities of hazardous materials, consisting of toxic metals (# g of 
beryllium, # kg of chromium, # kg depleted uranium, etc), The vehicle will likely break up on 
impact and sink thousands of feet to the ocean floor, where these materials will rest or be rapidly 
diluted in the seawater. No floating debris is expected, but if any is detected, it will be collected 
for proper disposal. 







Vessel and heavy equipment operations produce wastes that could potentially harm protected 
marine species. Shipboard procedures include measures to prevent leaks and spills as well as 
measures to correct and clean shipboard spills that may occur.  USAF and other federal 
regulations prohibit the intentional discharge of toxic wastes and plastics into the marine 
environment. Plans are in place to remove all free floating sensors and RV debris from the BOA. 
Additionally, the low number of test flights (2) would limit the number of sea days involved and 
reduce the opportunity for discharges. Thus, we expect that discharges and spills are unlikely to 
occur, but will be infrequent, small, and quickly cleaned, diluted/dispersed if they do occur. As 
such, exposure to hazardous materials from missile components or from vessel/heavy equipment 
operations related to this action is expected to have insignificant affects on protected marine 
species. 
 
4. Disturbance from human activities and equipment operation: Example - Sea turtles and marine 
mammals often avoid human marine activities, and the planned vessel operations to place and 
recover remote sensors within the BOA may startle protected marine species should they be 
encountered.  However, the most likely effect of this interaction would be a moderate to high 
energy avoidance behavior leading to the animal temporarily leaving the area without injury. The 
low number of test flights (2) would limit the number of sea days involved and reduce the 
opportunity for this interaction.  Additionally, the vessel operators would reduce the likelihood 
of this interaction by watching for and avoiding protected marine life while piloting their craft. 
As such, we expect that disturbances related to this action will be infrequent and non-injurious, 
resulting in insignificant effects on the sea turtles and whales covered by this consultation. 
 
5. Collision with vessels: Example - Sea turtles and whales breathe air and must surface to 
breathe. They are also known to rest or bask at the surface. Therefore, when at or near the 
surface, turtles and whales are at risk of being struck by vessels or their propellers as the vessels 
transit to and from the BOA. Potential injuries and their severity will depend on the speed of the 
vessel, the part of the vessel that strikes the animal, and the body part impacted. Injuries from 
boat strikes may include bruising, broken bones or carapaces, and lacerations. In the case of sea 
turtles, collisions with even small vessels can result in the turtle’s death. Being much larger, 
whales are less likely to be killed immediately by a collision with a small boat, or a slow moving 
larger vessel, but they can be seriously injured by propellers. Serious injuries could eventually 
lead to the whale’s death should there be significant blood loss and/or infection, or from 
predation while the whale is in a weakened state. 
 
Existing information about sea turtle sensory biology suggests that sea turtles rely more heavily 
on visual cues, rather than auditory, to initiate threat avoidance (Hazel, et al. 2007 & Ridgeway 
et al. 1969). Research also suggests that sea turtles cannot be expected to consistently notice and 
avoid vessels that are traveling faster than 2 knots (kts) (Hazel et al., 2007). Vanderlaan and 
Taggart (2007) report that the severity of injury to large whales is directly related to vessel 
speed. They found that the probability of lethal injury increased from 21%, for vessels traveling 
at 8.6 kts, to over 79% for vessels moving at 15 kts or more. Additionally, since collisions with 
whales have been reported for both slow and fast moving craft, it appears that, in at least some 
situations, whales may either be unaware of a vessel’s presence or unable to resolve its proximity 
and/or vector of travel based on available acoustic cues. Consequently, vessel operators must be 
responsible to actively watch for and avoid sea turtles and marine mammals, and to adjust their 







speed based on expected animal density and on lighting and turbidity conditions to allow 
adequate reaction time to avoid marine animals.  
 
Hazel, J., Lawler, I. R., Marsh, H., & Robson, S. 2007. Vessel speed increases collision risk for 
the green turtle Chelonia mydas. Endangered Species Research, 3, 105-113. 
 
Ridgway, S. H., Wever, E. G., McCormick, J. G., Palin, J., & Anderson, J. H. 1969. Hearing in 
the Giant Sea Turtle, Chelonia mydas. PNAS, 64, 884-890. 
 
Vanderlaan, A. S. M. and C. T. Taggart. 2007. Vessel Collisions with Whales: The Probability of 
Lethal Injury Based on Vessel Speed. Marine Mammal Science, 2(1) January 2007: 144-156.  
 
Based on the expected low density of sea turtles and whales in the action area, the low number of 
trips involved, and on the requirement to watch for and avoid protected species while operating 
vessels, we consider the risk of collisions between project-related vessels and protected species 
to be discountable. 
 
Page 5-1, Table 5-1: Update the table to cover the stressors described above, and to include both 
the open ocean area and the BOA.  “Port-test operations” wouldn’t be “no effect”.  As described 
above under collision, disturbance, and exposure to wastes, vessel operations may affect, but 
NLAA.   
 
Some sponges, corals, mollusks, and fish are specifically protected under the RMI UES.  Is this 
also the situation for the MFS and ROP?  If not, delete them from the BA and from Table 5-1. 
 
Page 5-1, lines 11-14 and 15-20:  These paragraphs should be removed from this section and 
blended into the assessments in section 3. 
 
Page 5-1:  Include a conclusion statement based on the understanding that because all of the 
expected stressors would have insignificant impacts, or the likelihood of exposure to impacts 
would be discountable, the SMDC/AFSC has determined that conducting two MM III ERFT as 
proposed may affect but is not likely to adversely affect any protected marine species under 
NMFS jurisdiction. 
 
Respectfully Submitted, 
 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 







 
Mr. Mark Hubbs 
Environmental Protection Specialist/Archaeologist 
U.S. Army Space and Missile Defense Command/ Army Forces Strategic Command 
Post Office Box 1500 
Huntsville, Alabama 35807-3801 
 
                                                                                                                                  March 25, 2013 
 
Comments for the February 2013 Draft Biological Assessment (DBA) prepared by the US Army 
Space and Missile defense Command / Army Forces Strategic Command (SMDC/AFSC) for the 
Minuteman III Extended Range Flight Testing proposed by the US Air Force Global Strike 
Command (GSC). 
                                                                                                                                   
 
In the March 13, 2013 e-mail from Mark Hubbs, SMDC/AFSC indicated that they and GSC 
would seek concurrence from National Marine Fisheries Service (NMFS) Pacific Islands 
Regional Office (PIRO) that the proposed action may affect, but is not likely to adversely affect 
(NLAA) “marine resources in the area of the test”.  The DBA went on to explain that in addition 
to the U.S. Endangered Species Act (ESA) and Marine Mammal Protection Act (MMPA), the 
requested consultation would also consider the Compacts of Free Association between the US 
and the governments of the Federated States of Micronesia (FSM) and the Republic of Palau 
(ROP) (DBA Page 1-6, lines 32 – 45).   
 
For the portions of this action that would occur in US waters and in the open ocean (including 
the waters within the EEZs of the FSM and the ROP, but outside of their territorial waters) 
NMFS PIRO Protected Resources Division (PRD) can consult with SMDC/AFSC for the species 
protected under the ESA.  For the marine mammals protected under the MMPA, SMDC/AFSC 
should contact Ms. Jolie Harrison of the NMFS Protected Resources Office in Silver Spring MD 
(Jolie.Harrison@noaa.gov) to determine if consultation under the MMPA would be required, and 
if that office would concur with the NLAA determination. 
 
As to the requested consultation for species protected under FSM or ROP law, other than those 
also protected under the ESA and/or the MMPA, please clearly identify those species (with the 
exception of those species SMDC/AFSC has determined “no effect”).  In the absence of 
established environmental standards that identifies protected species and governs consultations in 
the FSM or the ROP (as compared to the UES in the RMI), PIRO PRD recommends that the 
consultation be limited to the ESA/MMPA species that may occur in the action area.  It may be 
beneficial for SMDC, PIRO PRD, and NMFS OPR to discuss this over the phone. 
 
PRD assumes that the federal action agency (SMDC/AFSC or GSC) intends to provide PIRO 
with a letter to request informal consultation under section 7 of the ESA (and the respective 
Compacts of Free Association), specifically requesting concurrence with the determination that 
the action would be NLAA, based on the analysis of expected effects on ESA-listed species as 
detailed in a final BA.  In order for NMFS to concur with a NLAA determination, the BA must 



demonstrate that the action’s expected stressors would cause insignificant effects for exposed 
ESA-listed species, or that the likelihood of exposure of those species would be discountable. 
 
Please ensure that, in addition to identifying the proposed action, the consultation request letter 
clearly identifies the federal action agency, as well as identifies the agency that is responsible for 
completing the ESA consultation.  For instance, if GSC is the action agency, but they have 
designated SMDC/AFSC as their representative to complete the ESA consultation, then the 
consultation request letter must make that clear. 
 
DBA-specific Comments 
 
Page 1-2: Insert 1.3.4 to describe the RV impact zones. 
 
Page 1-5, Figure 14:  What does “3(sigma?) dispersion” mean?  Explain this in the text about the 
drop zones. 
 
Page 1-8:  Provide a section to describe the solid rocket motor sections.  Include their 
size/weights, and volumes of fuel and other toxic fluids. 
Page 1-8, lines 27-33: Confirm the maximum number of RVs.  Line 28 suggests that there could 
be 1 to 3 RVs per shot, but the text does not actually say that. 
 
Page 1-9, lines 21-22: Change to make a positive statement.  “Intentional discharge of …is 
prohibited” Add the requirement that measure be taken to inspect and repair equipment to 
prevent leaks, and for the containment and clean-up of spills. 
Lines 23-25: Change “ship personnel would monitor for…” to “vessel operators would watch for 
and avoid protected marine species to avoid…” 
 
Page 2-1, line 1:  suggest changing the section name to “Species of Concern”  
 
Page 2-1, Table 2-1: 
Loggerhead Turtle: recommend replacing the asterisk with “North Pacific Ocean DPS” and 
change the “T” to “E”. 
False Killer Whale: Insert second line for the FKW Main Hawaiian Island Insular Stock DPS, 
federal status “E”.  All other FKW are MMPA only 
 
Page 2-3, lines 31-37: “Information in this section is taken from the recovery plans and status 
reviews for each species” (cite both docs. for all 5 species considered here). 
 
Page 2-7, line 32:  “occur in the pelagic waters (vice western portion) of the Pacific Ocean, 
where they could be affected by the proposed action.”  Drop “with three strays, and two 
restricted to …”  It is not clear what this is saying or how it ties into the eventual effects 
determination. 
 
Line 38: strike “candidate” to read: “…ESA-listed as threatened or endangered.” 
 



Page 2-8 and all ESA whales except sperm: At the start of the second paragraph for each, 
identify them as baleen whales (mysticetes). 
 
Page 2-8, lines 12 – 14: include the western Pacific stock since it would be those animals that 
might be in the RV impact areas.  Line 23: Correct hearing range to 7 Hz to 22 kHz (Southall et 
al. 2007). 
 
Page 2-10, lines 23 – 37: Sperm whales are mid-frequency specialists with hearing between 150 
Hz and 160 kHz. 
 
For all cetaceans: Be sure that the acoustics discussions include their respective functional 
hearing group as described in (Southall et al. 2007).  
 
For all cetaceans: Consider including a brief discussion about their social behavior to describe 
where they most often occur (near shore vs pelagic environments), as well as their distribution.  
Some are widely scattered and in low numbers, while others may occur in large numbers.  For 
example, mysticetes are widely distributed and are most often observed as single individuals or 
in small groups.  Adult male sperm whales are typically alone or in small groups, whereas adult 
females and juvenile males occur in larger groups.  Several of the dolphins are often seen in 
massive schools of hundreds up to thousands of individuals.  (Reeves et al. 2002)  
 
Reeves, R.R., B.S. Stewart, P.J. Clapham, and J.A. Powell. 2002. Guide to Marine Mammals of 
the World. Alfred A. Knopf, Inc., New York, NY. 
 
Page 2-11, 2.3.1.6: False Killer Whale:  The Main Hawaiian Islands Insular Stock DPS was 
listed as endangered under the ESA on November 28, 2012 (77 FR 70915).  The range of the 
DPS is within 140 km of the MHI (U.S. Pacific Marine Mammal Stock Assessments: 2012 
(DRAFT) found at: http://www.nmfs.noaa.gov/pr/pdfs/sars/po2012_draft.pdf 
 
Because the proposed action would have no impacts within 140 km of the MHI, the BA should 
briefly state here that the proposed action would have “No Effect” in the Main Hawaiian Islands 
Insular False Killer Whale Stock DPS.  Then move the detailed FKW discussion into the MMPA 
section.  FKW are mid-freq specialists, and gregarious, occurring in croups of 10 to 20 
individuals and aggregations into the 100s.   
 
The Effects of the Action Section is presented in a disjoint and confusing manner, and it seems 
incomplete.  To better support the NLAA determination and facilitate NMFS concurrence I 
suggest that it be reorganized as follows after the line-specific comments below. 
 
Page 3-1, lines 18 - 23: Based on previous consultations for similar actions, the expected 
stressors that should be addressed include:  1) Exposure to elevated noise levels; 2) Impact of 
falling missile components; 3) Exposure to hazardous materials (may include ingestion of debris 
if you feel that it a potential); 4) Disturbance from human activity and equipment operation 
through aircraft and vessel operations in the BOA; and 5) Collision with vessels.  Since several 
of these stressors may occur both in the over-ocean component and in the BOA impact area, I 
again suggest considering reorganizing the assessment as recommended below.  I also suggest 



that the assessments be written to include all of the affected species under each stressor, vice 
assessments for the individual species. 
 
Page 3-1, lines 21- 23: Post operation activities such as ship movement due to cleanup are not 
anticipated to result in adverse impacts to marine species. Ship captains in the area are aware of 
the procedures for avoiding large marine species.  Not substantiated well enough to justify 
collisions being discountable.  There should be specific language in the BMP/mitigation plan to 
require vessel operators to watch for and avoid protected marine species with the intention that 
they would remain 100 yards from whales and 50 yards away from other protected species. 
 
Page 3-1, lines 25- 26: Change to read: “The effects determinations are no effect; may affect but 
not likely to adversely affect; or may affect and likely to adversely affect.”  Wholly beneficial 
effects would fall under may affect, not likely to adversely affect. 
 
Page 3-1, lines 26:  The discussion about effect determinations is confusing and inaccurate.  An 
effect determination is based on the likelihood of exposing individuals to action-related stressors, 
and on the significance of the effects that exposure is expected to have on those individuals.  
Detailed information about how to better describe the effects determination process and of 
jeopardy analysis can be found at several NMFS websites, including:  
 
http://www.fpir.noaa.gov/PRD/prd_esa_section_7.html 
 
http://www.fpir.noaa.gov/Library/PRD/ESA%20Consultation/pdf%20files%20of%20word%20d
ocs/Effects%20Determination%20Guidance%20-%206.14.11.pdf 
 
Page 3-1 line 32:  The statement “Takes are defined differently under the ESA and MMPA, but 
only the definition under the MMPA is relevant to cetaceans.” is inaccurate.  All cetaceans are 
protected under the MMPA, a subset of those are also protected under the ESA.  Both take 
definitions would apply to ESA-listed marine mammals.  Please see 
http://www.nmfs.noaa.gov/pr/species/ for MMPA information in addition to the ESA 
information suggested above. 
 
Take: 
 
Under the MMPA: "harass, hunt, capture, kill or collect, or attempt to harass, hunt, capture, kill 
or collect." 
Under the ESA: "to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to 
attempt to engage in any such conduct." 
 
Because it is the assertion of the USAF that this action would be NLAA for the species under 
NMFS jurisdiction, it would be best to focus the discussion on supporting the determination that 
no individuals are expected to be adversely affected, which supports the conclusion that there 
would be insignificant population-level impacts.  Stay away from performing a jeopardy 
analysis.  That only applies in a formal consultation, and is NMFS’s responsibility. 
 



The BA must support its effects determinations.  I suggest that it be reorganized such that it 
identifies individual stressors, and in the discussion of each stressor, indicate where it could be a 
concern, and which animals could be impacted.  Also, don’t spend much text on the Vandenberg 
area other than to inform the reader that those effects are already considered and covered under 
consultations and permits for the ongoing activities there. 
 
Based on the presented discussion, and on previous consultations done for similar actions, the 
stressors could be organized as below, and that sections 3.3 - 3.6 reorganized accordingly. 
 
Launch from Vandenberg AFB: The effects of pre-launch and launch activities associated with 
the proposed action at Vandenberg AFB are considered to be included within and covered under 
the consultations and permits for the ongoing activities there.  As such, those activities are not 
considered in this BA (cite to applicable consultations, permits, FR notices, or other evidence of 
current coverage). 
 
Over-Ocean Flight Corridor - In-flight and booster impact effects of concern are: 
1. Exposure to elevated noise levels during flight; 
2. Impact of falling missile components; and  
3. Exposure to hazardous materials. 
 
Broad Ocean Area - In-flight and impact effects of concern are: 
1. Exposure to elevated noise levels during flight; 
2. Impact of falling missile components; 
3. Exposure to hazardous materials; 
4. Disturbance from human activity and equipment operation through aircraft and vessel 
operations in the BOA; and  
5. Collision with vessels; 
 
The text below (modified from previous consultations) is presented here only as an example.  I 
recommend that it be reviewed carefully, modified/corrected as appropriate, be sure to use the 
updated project-specific information and cite references as appropriate. 
 
1. Exposure to elevated noise levels during flight: The rocket boosters will produce high noise 
levels as the missiles arc over the ocean. The missiles are expected to begin generating sonic 
booms at about # km (# nautical miles) off the coast. The RVs will generate their own sonic 
booms through the duration of their flights, which will end with high level concussive noise 
generated by hypersonic impact with the water in the BOA. High intensity noises such as these 
may adversely affect marine life. Effects vary with the frequency, intensity, and duration of the 
sound source, and the hearing characteristics of the affected animal. Effects may include: (1) 
permanent hearing damage, also referred to as permanent threshold shift (PTS); (2) temporarily 
reduced sensitivity also referred to as temporary threshold shifts (TTS); and (3) temporarily 
masked communications or acoustic environmental cues and modified behaviors. 
 
Describe the expected sonic impacts (Sonic Booms):  Example: Sonic impacts will be limited to 
those of two flights along different flight paths, conducted with an unspecified temporal 
separation. Although the at-the-surface acoustic footprint of these flights may extend many 



miles, the maximum SPLs described below will occur directly beneath the vehicle, and the in-
water SPL will drop quickly with distance from that point.  The launch vehicle would generate a 
sonic boom. Sonic booms are high intensity, low frequency, short duration sonic events. 
Frequencies are generally below 1 kHz, and a boom typically last no longer than 250 
milliseconds (1/4 of a second) as it passes a given location. The maximum expected SPL for the 
launch vehicle’s sonic boom, 171 dB re 1 µPa in water, will occur at about ## km (## nautical 
miles) off the California coast, and will decrease as the vehicle gains altitude. The maximum 
expected SPL for the RV sonic boom is ### dB re 1 µPa at the water’s surface. During the 
terminal phase of the flight, the RV will generate a sonic boom, with a maximum SPL of ### dB 
re 1 µPa the water’s surface, just prior to impact. 
 
The launch vehicle sonic boom is above the TTS threshold for impulsive sounds, and RV’s 
terminal phase sonic boom is above the PTS threshold. However, these in-flight sources are 
expected to generate minimal in-water sonic footprints where adverse levels of sound may be 
encountered, and the potential exposure window consists of a single 1/4-second event per flight 
at any given location along the flight path. Laney and Cavanagh (2000) report that sound waves 
arriving at the air/water interface at an angle less steep than 13.3º from of the vertical will decay 
exponentially with distance and as such will not normally propagate in water. Based on this, the 
in-water footprint where adversely high levels of sound due to sonic booms would occur is 
expected to be very small, confined almost exclusively to the area directly below the vehicle. 
 
Laney, H. and R.C. Cavanagh. 2000. Supersonic Aircraft Noise at and Beneath the Ocean 
Surface: Estimation of Risk for Effects on Marine Mammals. Interim Report for the period 
October 1996 to April 2000. Science Applications International Corp. 1710 Goodridge Drive, 
McLean VA. 22102 for the United States Air Force Research Laboratory. June 2000. 46 pp. 
 
Based on the limited area for potential exposure to adverse sound levels, the brief duration of the 
sound, and on the belief that marine species density along the projected flight paths is low and 
patchy in distribution, we consider it discountable that marine species will be exposed to adverse 
levels of in flight noise. 
 
2. Impact of falling missile components:  
Quantify the number of expected impacts per flight and describe the impacts (size, weight, 
velocity of components) to define the expected zones of effect. 
 
Example: The MM III ER test flights would result in a maximum of 11(?) significant impact 
events per mission; three boosters, two interstages, an instrument wafer, a guidance set, a 
propulsion system rocket engine, and up to three RVs. Booster stages 1-3 weigh about 44,500 
kg, 24,500 kg, and 7,100 kg, respectively, and are expected to impact at about 69-79 m/sec. The 
RVs weigh about ## kg, and will impact at a much higher velocity. These impacts are expected 
to generate concussive noise events similar to explosive detonations (DARPA & SMC 2008). 
The other components would be lighter and impact velocities are expected to be much lower than 
the heavier components. Impact events may adversely affect marine species through injury from 
direct contact or from barotrauma due to close proximity to the concussive forces, or through 
exposure to adverse levels of sound.  
 



Defence Advanced Research Projects Agency and US Air Force Space and Missile Systems 
Center (DARPA & SMC). 2008. Environmental Assessment for Hypersonic Technology Vehicle 
2 Test Flights – Final Draft. May 2008. 139 pp. 
 
Describe the expected zones of effect: Expected range from the impact where proximity would 
cause physical injury or death; and where acoustic energy would fall below the thresholds for 
PTS and TTS / behavioral disturbance.  Identify the exposure thresholds used and cite to the 
authority to use the DoD explosive exposure thresholds described in the BA (vice the standard 
thresholds used by NMFS for other actions: i.e. 180 dB for PTS, and 160 dB for TTS BD for 
impulsive noise).  Explain the attenuation model or computer program output used to determine 
the ranges to the respective isopleths.  For open ocean NMFS would use RL = SL – 20log(range 
in meters). 
 
Based on the 240 dB level at the impact site (page 3-9, Table 3-1), assuming spherical spreading 
(RL = SL – 20log(R)), and applying the NMFS thresholds for impulsive noise: 180 = 240 – 
20log(1,000 meters), 160 dB would occur at 10,000 meters. 
 
Support the determination that it is discountable that marine mammals would be exposed to 
direct impact or adversely high sound levels based on the expectation that marine mammal and 
sea turtle density along the projected flight paths is expected to be very low and patchy in 
distribution, on the small size of the impact zones, the low number of impacts, and the expected 
separation between impacts (upwards of thousands of miles between impact points).  
 
3. Exposure to hazardous materials: Missile launches will introduce chemicals such as 
propellant, hydraulic fluids, battery fluids, and some heavy metals into the marine environment, 
due to splashdown of booster sections and the RVs. Vessel and heavy equipment operation 
related to monitoring the terminal phase of the flights may also introduce wastes or discharges 
into the marine environment. 
 
Describe/quantify the sources.  Example - The inside of spent rocket motor casings will contain 
only a residual coating of aluminum oxide and burnt hydrocarbons. The amount of other toxic 
substances, such as battery and hydraulic fluids and heavy metals would be small (refer to 
section 3 in the BA). Additionally, these substances, along with the structural debris, would 
immediately sink to several thousand feet, well away from protected marine species. Based on 
the low volume of toxic materials involved and the depth of its deposition, protected marine 
species are highly unlikely to encounter significant concentrations of toxicants from spent 
missile sections. In the unlikely event of a launch failure, unburned solid propellant would likely 
enter the marine environment. However, the leaching rate of ammonium perchlorate in ocean 
water is very low, and the material will likely be spread out over a large area and in deep water. 
Thus, slow dilution over many years is expected to prevent accumulation of toxic concentrations. 
 
The RVs contains small quantities of hazardous materials, consisting of toxic metals (# g of 
beryllium, # kg of chromium, # kg depleted uranium, etc), The vehicle will likely break up on 
impact and sink thousands of feet to the ocean floor, where these materials will rest or be rapidly 
diluted in the seawater. No floating debris is expected, but if any is detected, it will be collected 
for proper disposal. 



Vessel and heavy equipment operations produce wastes that could potentially harm protected 
marine species. Shipboard procedures include measures to prevent leaks and spills as well as 
measures to correct and clean shipboard spills that may occur.  USAF and other federal 
regulations prohibit the intentional discharge of toxic wastes and plastics into the marine 
environment. Plans are in place to remove all free floating sensors and RV debris from the BOA. 
Additionally, the low number of test flights (2) would limit the number of sea days involved and 
reduce the opportunity for discharges. Thus, we expect that discharges and spills are unlikely to 
occur, but will be infrequent, small, and quickly cleaned, diluted/dispersed if they do occur. As 
such, exposure to hazardous materials from missile components or from vessel/heavy equipment 
operations related to this action is expected to have insignificant affects on protected marine 
species. 
 
4. Disturbance from human activities and equipment operation: Example - Sea turtles and marine 
mammals often avoid human marine activities, and the planned vessel operations to place and 
recover remote sensors within the BOA may startle protected marine species should they be 
encountered.  However, the most likely effect of this interaction would be a moderate to high 
energy avoidance behavior leading to the animal temporarily leaving the area without injury. The 
low number of test flights (2) would limit the number of sea days involved and reduce the 
opportunity for this interaction.  Additionally, the vessel operators would reduce the likelihood 
of this interaction by watching for and avoiding protected marine life while piloting their craft. 
As such, we expect that disturbances related to this action will be infrequent and non-injurious, 
resulting in insignificant effects on the sea turtles and whales covered by this consultation. 
 
5. Collision with vessels: Example - Sea turtles and whales breathe air and must surface to 
breathe. They are also known to rest or bask at the surface. Therefore, when at or near the 
surface, turtles and whales are at risk of being struck by vessels or their propellers as the vessels 
transit to and from the BOA. Potential injuries and their severity will depend on the speed of the 
vessel, the part of the vessel that strikes the animal, and the body part impacted. Injuries from 
boat strikes may include bruising, broken bones or carapaces, and lacerations. In the case of sea 
turtles, collisions with even small vessels can result in the turtle’s death. Being much larger, 
whales are less likely to be killed immediately by a collision with a small boat, or a slow moving 
larger vessel, but they can be seriously injured by propellers. Serious injuries could eventually 
lead to the whale’s death should there be significant blood loss and/or infection, or from 
predation while the whale is in a weakened state. 
 
Existing information about sea turtle sensory biology suggests that sea turtles rely more heavily 
on visual cues, rather than auditory, to initiate threat avoidance (Hazel, et al. 2007 & Ridgeway 
et al. 1969). Research also suggests that sea turtles cannot be expected to consistently notice and 
avoid vessels that are traveling faster than 2 knots (kts) (Hazel et al., 2007). Vanderlaan and 
Taggart (2007) report that the severity of injury to large whales is directly related to vessel 
speed. They found that the probability of lethal injury increased from 21%, for vessels traveling 
at 8.6 kts, to over 79% for vessels moving at 15 kts or more. Additionally, since collisions with 
whales have been reported for both slow and fast moving craft, it appears that, in at least some 
situations, whales may either be unaware of a vessel’s presence or unable to resolve its proximity 
and/or vector of travel based on available acoustic cues. Consequently, vessel operators must be 
responsible to actively watch for and avoid sea turtles and marine mammals, and to adjust their 



speed based on expected animal density and on lighting and turbidity conditions to allow 
adequate reaction time to avoid marine animals.  
 
Hazel, J., Lawler, I. R., Marsh, H., & Robson, S. 2007. Vessel speed increases collision risk for 
the green turtle Chelonia mydas. Endangered Species Research, 3, 105-113. 
 
Ridgway, S. H., Wever, E. G., McCormick, J. G., Palin, J., & Anderson, J. H. 1969. Hearing in 
the Giant Sea Turtle, Chelonia mydas. PNAS, 64, 884-890. 
 
Vanderlaan, A. S. M. and C. T. Taggart. 2007. Vessel Collisions with Whales: The Probability of 
Lethal Injury Based on Vessel Speed. Marine Mammal Science, 2(1) January 2007: 144-156.  
 
Based on the expected low density of sea turtles and whales in the action area, the low number of 
trips involved, and on the requirement to watch for and avoid protected species while operating 
vessels, we consider the risk of collisions between project-related vessels and protected species 
to be discountable. 
 
Page 5-1, Table 5-1: Update the table to cover the stressors described above, and to include both 
the open ocean area and the BOA.  “Port-test operations” wouldn’t be “no effect”.  As described 
above under collision, disturbance, and exposure to wastes, vessel operations may affect, but 
NLAA.   
 
Some sponges, corals, mollusks, and fish are specifically protected under the RMI UES.  Is this 
also the situation for the MFS and ROP?  If not, delete them from the BA and from Table 5-1. 
 
Page 5-1, lines 11-14 and 15-20:  These paragraphs should be removed from this section and 
blended into the assessments in section 3. 
 
Page 5-1:  Include a conclusion statement based on the understanding that because all of the 
expected stressors would have insignificant impacts, or the likelihood of exposure to impacts 
would be discountable, the SMDC/AFSC has determined that conducting two MM III ERFT as 
proposed may affect but is not likely to adversely affect any protected marine species under 
NMFS jurisdiction. 
 
Respectfully Submitted, 
 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 



From: Hubbs, Mark Edward CIV USARMY SMDC (US)
To: Hubner, Donald M CIV (US)
Subject: RE: Informal consultation for MMIII Extended Range Testing (UNCLASSIFIED) 
Date: Tuesday, March 26, 2013 1:46:03 PM 

Classification: UNCLASSIFIED 
Caveats: NONE 

Don, 

Thanks for the swift response.  We will get back to you as soon as we can 
after we go through the comments. 

Thanks again 

Mark Hubbs 
US Army Space & Missile Defense Command 
Env. Protection Specialist/Archaeologist 
256-955-2608 Office 

mailto:mark.e.hubbs.civ@mail.mil
mailto:donald.hubner@noaa.gov


  
From: Foster, Kevin [mailto:kevin_b_foster@fws.gov] 
Sent: Wednesday, April 10, 2013 2:38 PM 
To: Hubbs, Mark Edward CIV USARMY SMDC (US) 
Subject: Re: Question about 2006 MMII ERT flights (UNCLASSIFIED) 

Hi Mark, 

Could I have an extension to formulate Service comments until April 19. 
thanks! 
  
aloha, 

Kevin 

On Thu, Mar 21, 2013 at 9:06 AM, Hubbs, Mark Edward CIV USARMY SMDC (US) 
<mark.e.hubbs.civ@mail.mil> wrote: 

        Classification: UNCLASSIFIED 
        Caveats: NONE 
       
        Kevin, 
       
        I have answers to your questions regarding previous MMIII Flights 
into the 
BOA near FSM and Guam 
       
        All three of the planned flights occurred: 
       
        GT 190GB launched in April 2006; target area approximately 200 nmi 
southeast of Guam 
        GT 197GM launched in May 2008; target area approximately 233 nmi 
southwest  
        GT 202GM launched in September 2010;  target area approximately 200 nmi         
southwest of Guam 
                        
There were no un-class after-action reports generated.                
  
Let me know if you have any further questions 

  
Mark Hubbs 
US Army Space & Missile Defense Command 
Env. Protection Specialist/Archaeologist 

  
256-955-2608 Office 
  
 Classification: UNCLASSIFIED 
 Caveats: NONE 
  
Kevin B. Foster 
Region 1 Diving Officer and 
F&W Biologist 
Department of the Interior 
300 Ala Moana Blvd, Rm 3-122 
Honolulu, HI 96850-0001 
w. 808/792-9420 
c. 808/779-6226 
fax. 808/792-9581 email: 
kevin_b_foster@fws.gov 
  
  
Classification: UNCLASSIFIED 
Caveats: NONE 

mailto:mark.e.hubbs.civ@mail.mil
mailto:kevin_b_foster@fws.gov
mailto:kevin_b_foster@fws.gov


From: Hubbs, Mark Edward CIV USARMY SMDC (US)
To: Foster, Kevin
Subject: RE: Question about 2006 MMII ERT flights (UNCLASSIFIED) 
Date: Wednesday, April 10, 2013 2:45:16 PM 

Classification: UNCLASSIFIED 
Caveats: NONE 

Thanks Kevin, 

I don't think 4 extra days will hurt our schedule too bad! 

We'll hope to hear from you on the 19th 

Mark Hubbs 
US Army Space & Missile Defense Command 
Env. Protection Specialist/Archaeologist 
256-955-2608 Office 
 
 
 
       

mailto:mark.e.hubbs.civ@mail.mil
mailto:kevin_b_foster@fws.gov
mailto:kevin_b_foster@fws.gov


From: Hubbs, Mark Edward CIV USARMY SMDC (US)
To: Hubner, Donald M CIV (US)
Cc: Hendrix, Clayton
Subject: MMPA, Silver Spings Office (UNCLASSIFIED)
Date: Thursday, April 11, 2013 9:57:38 AM

Classification: UNCLASSIFIED
Caveats: NONE

Don,

I called Jolie and she is out until next week.  In her phone message she
suggested calling Mike Payne in her absence.  I left a message with Mike
regarding our informal consultation and asked him to call me.  Hopefully he
will call and provide some guidance today.

Thanks!

Mark Hubbs
US Army Space & Missile Defense Command
Env. Protection Specialist/Archaeologist
256-955-2608 Office

Classification: UNCLASSIFIED
Caveats: NONE

mailto:mark.e.hubbs.civ@mail.mil
mailto:donald.hubner@noaa.gov
mailto:Clayton.Hendrix@tbe.com


From: Hubbs, Mark Edward CIV USARMY SMDC (US)
To: Hubner, Donald M CIV (US); Opay, Patrick CIV (US)
Cc: Hendrix, Clayton; Hasley, David C CIV USARMY SMDC (US)
Subject: Request for Informal Consultation (UNCLASSIFIED)
Date: Thursday, April 18, 2013 10:28:08 AM
Attachments: NMF Consultation.docx

MMIII_ERFT_BA__Apr2013.pdf

Classification: UNCLASSIFIED 
Caveats: NONE 

Mr. Opay 

On March 13, 2013 our office provided a draft biological assessment (BA) to 
the National Marine Fisheries Service regarding an upcoming project that is 
to occur in the broad ocean area (BOA) of the Republic of Palau and the 
Federated States of Micronesia.  Mr Donald Hubner, of your office, provided 
comments and suggestions on that BA to us.  We appreciate the clear, cogent 
and timely response that Mr. Hubner provided on March 25, 2013.  We have 
updated the BA accordingly. 

We request an informal ESA consultation with the Service regarding this 
action. 

The analysis in our Biological Assessment (attached) indicates that this 
project may affect, but is not likely to adversely affect, marine resources 
in the area of the test.  We would like your concurrence on this assessment, 
or need be, to enter into discussion with your office if there are 
additional mitigations or measures that can be taken to lesson affects to 
resources. 

Please find attached an official letter requesting informal consultation and 
the BA. 

We also contacted the NMF office in Silver Spring, Maryland about 
consultation under the Marine Mammal Protection Act. However, based on the 
nature of the project and our determination of may effect, but not likely to 
adversely effect, they declined the offer to consult. 

Thank you.  We look forward to hearing from you. 

Mark Hubbs 
US Army Space & Missile Defense Command 
Env. Protection Specialist/Archaeologist 
256-955-2608 Office 

Classification: UNCLASSIFIED 
Caveats: NONE 

mailto:mark.e.hubbs.civ@mail.mil
mailto:donald.hubner@noaa.gov
mailto:patrick.opay@noaa.gov
mailto:Clayton.Hendrix@tbe.com
mailto:david.c.hasley.civ@mail.mil

Mark Hubbs, DCSEN – Environmental

US Army Space and Missile Defense Command

PO Box 1500

Huntsville, AL  35807



Mr. Patrick Opay

Pacific Islands Regional Office

1601 Kapiolani Blvd, Suite 1110
Honolulu, HI  96814



April 18, 2013



Dear Mr. Opay



On March 13, 2013 our office provided a draft biological assessment (BA) to the National Marine Fisheries Service regarding an upcoming project that is to occur in the broad ocean area (BOA) of the Republic of Palau and the Federated States of Micronesia.  Mr Donald Hubner, of your office, provided comments and suggestions on that BA to us.  We appreciate the clear, cogent and timely response that Mr. Hubner provided on March 25, 2013.  We have updated the BA accordingly. 



As a reminder, The Air Force intends to conduct two Minute Man III Extended Range Tests that will splash down inert re-entry vehicles in the BOA near the Republic of Palau.  Boosters will fall in the BOA in the Federated States of Micronesia.  



We request an informal ESA consultation with the Service regarding this action.



The analysis in our Biological Assessment (attached) indicates that this project may affect, but is not likely to adversely affect, marine resources in the area of the test.  We would like your concurrence on this assessment, or need be, to enter into discussion with your office if there are additional mitigations or measures that can be taken to lesson affects to resources.



Thank you.  We look forward to hearing from you.







Mark Hubbs

Environmental Protection Specialist/Archaeologist

US Army Space and Missile Defense Command
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1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION 1 


1.1 Introduction 2 


The United States Air Force (USAF) has prepared this Biological Assessment (BA) to determine the 3 
extent to which its Minuteman III (MMIII) Intercontinental Ballistic Missile (ICBM) extended range 4 
flight tests and supporting activities may affect species requiring consultation. 5 


The USAF is preparing a Supplemental Environmental Assessment (SEA) to update the analysis of 6 
conducting MMIII ICBM Extended Range Flight Testing (ERFT) and supporting activities previously 7 
described and analyzed in the Final Environmental Assessment (EA) Minuteman III ICBM Extended 8 
Range Flight Testing or MMIII ERFT EA (USAF, 2006a), which is incorporated by reference into the 9 
SEA.  The SEA provides an updated assessment of flight tests through 2014 for the continuation of 10 
MMIII missile ERFT conducted from Vandenberg Air Force Base (AFB), California. 11 


The MMIII ERFT EA analyzed conducting three extended range missions between Fiscal Year (FY) 2006 12 
and 2010.  These missions were for MMIII flight tests launched from Vandenberg AFB with impact of 13 
the Reentry Vehicles (RVs) in Broad Ocean Areas (BOAs) of the Pacific Ocean, beyond the U.S. Army 14 
Kwajalein Atoll/Ronald Reagan Ballistic Missile Defense Test Site (USAKA/RTS).  USAKA/RTS has 15 
both previous and current MMIII flight test impact sites.  Since the completion of the MMIII ERFT EA 16 
and approval of the Finding of No Significant Impact (FONSI) in April 2006, the three extended range 17 
missions were completed in FY06, FY08, and FY10, with impacts to the southeast and southwest of 18 
Guam.  These flights increased the testing ranges of existing MMIII Force Development Evaluation 19 
missions by approximately 800 to 1,200 Nautical Miles (nm) (1,482 to 2,222 Kilometers [km]) beyond 20 
USAKA/RTS. 21 


As part of the long-term sustainment of the MMIII force through 2030, the USAF must continue to 22 
conduct MMIII flight tests to ensure the safety, accuracy, and reliability of the MMIII system.  The 23 
inability to conduct such tests would reduce the overall mission readiness of the MMIII ICBM system and 24 
jeopardize national security.  Flight tests of the MMIII are conducted annually to ensure the continued 25 
readiness and reliability of the weapon system. 26 


The Air Force Global Strike Command (AFGSC) conducts MMIII flight testing as part of the ongoing 27 
Force Development Evaluation program and, in coordination with the Air Force Nuclear Weapons Center 28 
(AFNWC), is the proponent for the proposed MMIII ERFT analyzed in this BA and the SEA.  The 29 
MMIII missiles would launch from existing silos at Vandenberg AFB in California with designated RV 30 
impacts in BOAs south of the Republic of Palau (ROP or Palau) and within international waters, a range 31 
of approximately 6,000 nm (11,112 km) from Vandenberg AFB. 32 


In support of the AFGSC, the United States Army Space and Missile Defense Command 33 
(USASMDC)/Army Forces Strategic Command (ARSTRAT) determined that an SEA was required to 34 
reassess the potential environmental impacts from the MMIII extended range flight tests because of: (1) 35 
extension of the impact area further southwest of Guam than was originally analyzed and (2) regulatory 36 
changes that have occurred since the completion of the 2006 MMIII ERFT EA. 37 


1.2 Proposed Action 38 


Under the Proposed Action, MMIII flight test launches from Vandenberg AFB (Figure 1-1) would 39 
continue with extended range impacts in BOAs of the Pacific Ocean, as addressed in the MMIII ERFT 40 
EA, with the option for further range expansion and test performance through the year 2014.  The USAF 41 
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would continue to conduct up to two extended range MMIII Force Development Evaluation missions 1 
through 2014. 2 


Facilities at USAKA/RTS and Guam would provide logistical and technical support during the flight 3 
preparations and actual flight tests.  The proposed impact areas for the extended test range, which meet 4 
the AFGSC mission requirements and are coordinated for accessibility to the Navy Mobile 5 
Instrumentation System (NMIS) ship, are approximately 800 nm (1,482 km) southwest of Guam.  The 6 
two trajectories for the two flight tests covered under this SEA are slightly different (Figure 1-2).  They 7 
both have rocket motor drop zones within the Exclusive Economic Zone (EEZ) of Guam or the Federated 8 
States of Micronesia (FSM or Micronesia) and planned missile component impacts within the EEZs of 9 
Micronesia, Palau, or within international waters.  No Proposed Action activities are planned for island 10 
locations within Micronesia or Palau. 11 


1.3 Definition of the Action Area 12 


The Action Area for this BA is as follows: 13 


• The representative flight paths for ERFT (Figure 1-3) 14 
• The representative missile impacts for ERFT (Figure 1-4) 15 


 16 
The three-sigma (3σ) dispersions for missile components within the Action Area are shown on Figures 1-17 
3 and 1-4.  The impact dispersion of missile debris is the statistical deviation of the actual impact point 18 
from the predicted nominal impact point.  It is used to calculate the probability of impacting within a 19 
given distance of the nominal impact point.  The dispersion distance is provided in terms of a standard 20 
deviation value (referred to as sigma (σ)).  The provided three-sigma dispersions define the expected 21 
uprange, downrange, and crossrange limits of normality for the two launch vehicles. 22 


1.3.1 Minuteman III ERFT Flight Test Support Facilities at Vandenberg AFB (Figure 1-1) 23 
This BA describes the launch preparation at Vandenberg AFB to provide appropriate context, but 24 
Vandenberg AFB is not included in the Action Area.  This BA does not address potential biological 25 
effects of the MMIII ERFT at Vandenberg AFB because these are addressed in other environmental 26 
documentation. 27 


Launches would be conducted from existing silo facilities at Vandenberg AFB on the coast of California.  28 
The launch aspects of MMIII test flights from Vandenberg AFB were fully assessed in the EA for 29 
Minuteman III Modification (USAF, December 2004) (hereinafter, MMIII EA), and the SEA for 30 
Minuteman III Modification (in progress) (hereinafter, MMIII SEA), which are hereby incorporated by 31 
reference into this BA.  The FONSI for the MMIII EA was signed on 24 February 2005.  Information 32 
from these two documents will be summarized in this BA as applicable for the purpose of compliance 33 
with the National Environmental Policy Act (NEPA). 34 


1.3.2 Spent Rocket Motor Drop Zones (Figure 1-2 and 1-4) 35 
Each missile contains three rocket booster motors that would splash down in the Pacific Ocean following 36 
burnout and separation.  The spent first-stage motor would splash down approximately 105 nm (195 km) 37 
off the California coast.  The spent second-stage motor would impact approximately 790 to 815 nm 38 
(1,463 to 1,509 km) off the California coast.  The missile flight path would continue well north of the 39 
Hawaiian Islands since the missions are not designed to overfly populated areas.  The third-stage rocket 40 
motor debris would impact approximately 4,900 to 5,200 nm (9,075 to 9,630 km) from the California 41 
coast, into a BOA within the Guam or Micronesia EEZ. 42 


43 







 


 


USAF MMIII ERFT Biological Assessment, April 2013 
1-3 


Launch 
Control 
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1 
Figure 1-2  MMIII ERFT Trajectories 2 
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 1 
Figure 1-3  Representative Flight Paths for MMIII Extended Range Flight Testing2 
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Figure 1-4  Representative Missile Impacts for Extended Range Flight Testing 5 
 6 


1.3.3 TT Port Assembly Drop Zone (Figure 1-2 and 1-4) 7 
The Thrust Termination (TT) port assemblies would impact downrange of the third-stage rocket motor 8 
debris by approximately 300 to 500 nm (556 to 926 km) in a BOA within the EEZ of the FSM, more than 9 
38 nm (130 km) from the closest island in the State of Yap.  Towards the terminal end of each MMIII 10 
extended range flight test, the Post-Boost Vehicle and Missile Guidance System fragments would impact 11 
in predetermined BOAs of the ROP and FSM. 12 


1.3.4 RV Drop Zones (Figure 1-4) 13 
Towards the terminal end of each MMIII extended range flight test, beyond the third-stage motor and TT 14 
port drop zones, the one RV on each flight continues traveling at hypersonic velocities towards the 15 
designated target areas.  For both flight tests, the RVs impact approximately 80 nm (148 km) offshore 16 
from the closest island or within international waters into deep ocean waters where depths range from 17 
10,000 to 16,600 feet (ft) (3,048 to 5,060 meters [m]).  None of the extended range flight test RVs 18 
contains high explosives and the RVs remain intact until impact in the ocean. 19 


1.4 Regulatory Setting 20 


1.4.1 United States 21 
The Endangered Species Act of 1973 (ESA) applies to Federal actions in two separate respects.  First, 22 
Section 7 of the US ESA requires Federal agencies to ensure Proposed Actions are not likely to 23 
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jeopardize the continued existence of threatened or endangered species or result in the destruction or 1 
adverse modification of designated critical habitat.  Regulations implementing the ESA require that to 2 
avoid this situation of jeopardizing the species’ existence, the Federal agency is required to determine if 3 
threatened or endangered species are present in the area affected by the Proposed Action and consult with 4 
either or both of the appropriate resource agencies (National Marine Fisheries Service [NMFS] or U.S. 5 
Fish and Wildlife Service [USFWS]) when the agency proponent determines a Proposed Action may 6 
adversely affect a threatened or endangered species.  Secondly, Section 9 of the ESA requires Federal 7 
agencies to obtain an incidental take statement from the responsible resource agency should a take 8 
(including harm or harassment) result from implementing the Proposed Action. 9 


The US Marine Mammal Protection Act (MMPA) gives the USFWS and NMFS co-authority and outlines 10 
prohibitions for the taking of marine mammals.  A take means to attempt to as well as to actually harass, 11 
hunt, capture, or kill any marine mammal.  Subject to certain exceptions, the Act establishes a moratorium 12 
on the taking and importation of marine mammals.  Exceptions to the taking prohibition allow USFWS 13 
and NMFS to authorize the incidental taking of small numbers of marine mammals in certain instances. 14 


1.4.2 Guam Territory 15 
Pursuant to Section 6 of the U.S. ESA, a cooperative agreement exists between the Guam Government 16 
Department of Agriculture, Division of Aquatic and Wildlife Resources (DAWR) and the USFWS and 17 
NMFS that provides for funding and implementation of programs for endangered species research and 18 
recovery.  The DAWR administers the ESA of Guam (Guam Public Law 15-36) and the Fish, Game, 19 
Forestry, and Conservation Act (5 Guam Code Annotated 63101-63117), which mandates control and 20 
regulation of fish and game in and about Guam.  The US MMPA protects all marine mammals found in 21 
the water of Guam.  Other Guam Government resource agencies have specific mandates in relation to 22 
marine mammal conservation.  The Bureau of Statistics and Plans administers the Guam Coastal 23 
Management Plan through the Coastal Zone Management Act of 1972 (Guam Public Law 92-583 and 24 
Public Law 94-370).  It guides the use, protection, and development of land and ocean resources within 25 
the coastal zone, which includes all non-Federal property and all submerged lands and waters out to 3 nm 26 
(6 km) from the shoreline. 27 


1.4.3 Federated States of Micronesia 28 
Pursuant to the Constitution of the FSM in Article 1, FSM asserts marine jurisdiction of 200 nm (370 km) 29 
outward from its baselines.  FSM shares maritime boundaries with the ROP, Papua New Guinea, 30 
Republic of the Marshall Islands (RMI), and the United States (Guam).  Article IX expressly empowers 31 
the National Government to regulate natural resources beyond the territorial seas and throughout the FSM 32 
EEZ.  Under the FSM Compact of Free Association with the United States, the United States shall apply 33 
the NEPA to its activities under the Compact and its related agreements as if the FSM were the United 34 
States. 35 


1.4.4 Republic of Palau 36 
Under Article 1 of the Constitution of the ROP, the National Government asserts marine jurisdiction of 37 
200 nm (370 km) outward from its baselines (i.e., within the EEZ).  The National Government is 38 
responsible for marine conservation extending throughout its EEZ.  Section 163(a) of the Compact of 39 
Free Association with the United States requires the United States to apply environmental standards 40 
substantively similar to those in effect on the day proceeding the effective date of the Compact.  41 
However, MMIII testing activities do not rise to the level of those requiring an Environmental Impact 42 
Statement (EIS), and thus Section 163 does not apply. 43 
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1.5 Consultation History 1 


Beginning in March 2013, the USAF entered into pre-consultation discussions with the NMFS located in 2 
Honolulu, Hawaii.  The USAF (with USASMDC/ARSTRAT support) held teleconferences and meetings 3 
with the agency to discuss the potential for environmental effects from the MMIII ERFT activities along 4 
the over-ocean flight corridor and at Guam, the State of Yap in the FSM, the ROP, and within 5 
international waters.  The discussions also served to identify possible mitigation measures to minimize the 6 
effects on biological resources. 7 


In March 2013, the USAF (with USASMDC/ARSTRAT support) initiated consultations with NMFS 8 
(Pacific Islands Regional Office), as required by the ESA of 1973, and the MMPA of 1972, because of 9 
the potential for effects on threatened, endangered, and other protected species, and their habitats, in 10 
international waters and within the EEZs (within 200 nm [370 km] of the coastline) of Guam, the FSM, 11 
and the ROP. 12 


1.6 Description of the Proposed Action 13 


The MMIII ICBM (Figure 2-1) consists of five major sections: the three-stage solid-propellant booster, 14 
the propulsion system rocket engine (PSRE), the missile guidance set, the Model or MOD 7 15 
instrumentation wafer (flight test configuration only), and the reentry system (RS). The latter four 16 
sections comprise what is generally referred to as the Post-Boost Vehicle (PBV).  Although the PBV can 17 
carry from one to three Mk 12A or one Mk 21 RVs within the RS, only one RV per test is currently 18 
planned.  Table 1-1 provides dimensions of the missile and the three stage motors and fuel weights.  19 
Under the Proposed Action, the USAF would continue to conduct up to two MMIII extended range flight 20 
tests through 2014.  The proposed impact areas for the ERFT (Figure 1-2) are approximately 800 nm 21 
(1,482 km) southwest of Guam.  The trajectories for the two flight tests covered under this SEA have 22 
rocket motor drop zones within the EEZ of Guam and the FSM and planned missile component impacts 23 
within the EEZs of the FSM, the ROP, and international waters. 24 


1.6.1 Minuteman III Missile System Description 25 
The MMIII ICBM missile (Figure 1-5) consists of five major sections, as follows: 26 


• Three-stage solid-propellant booster 27 
• PSRE 28 
• Missile guidance set 29 
• Model or MOD 7 instrumentation wafer (flight test configuration only) 30 
• RS 31 
 32 
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Table 1-1  Attributes of the MMIII ICBM 3 


Attribute Specification 
 Missile 1st Stage 2nd Stage 3rd Stage 
Length 18.3 m 


(59.9 ft) 
5.7 m 
(18.6 ft) 


2.8 m 
(9.1 ft) 


1.7 m 
(5.5 ft) 


Diameter 1.7 m 
(5.5 ft) 


1.7 m 
(5.5 ft) 


1.3 m 
(4.3 ft) 


1.3 m 
(4.3 ft) 


Weight 36,000 kg 
(79,400 lb) 
at launch 


20, 730 kg 
(45,700 lb) 
fuel only 


6,240 kg 
(13,750 lb) 
fuel only 


3,310 kg  
(7,300 lb) 
fuel only 


Source: USAF, 2004 4 
Key: m = meter(s)  ft = feet  lb = pound(s)  kg = kilogram(s 5 


1.6.1.1 Solid-Propellant Booster 6 
The solid-propellant booster is comprised of the assembled first-, second-, and third-stage motors, along 7 
with the inter-stages and ordnance systems.  Table 1-2 provides by stage the main chemical components 8 
and Department of Defense (DoD) explosive hazard classification for the propellants.  The DoD 9 
explosive hazard classification determines the method of shipping and storing of the rocket propellants 10 
and other ordnance (USAF, 2012). 11 


During powered flight, each rocket motor uses a different Thrust Vector Control (TVC) system (steering 12 
mechanism) for pitch, yaw, and roll control. Descriptions of each and the materials they use are: 13 


• 1st Stage. The TVC system on the first-stage motor uses hydraulically actuated, moveable 14 
nozzles 22 for altering the thrust vector. Several gallons of hydraulic fluid are contained in the 15 
system. 16 


• 2nd Stage. The TVC is accomplished through the liquid injection of perfluorohexane into the 17 
rocket’s gas exhaust. Approximately 200 lb (91 kg) of perfluorohexane are used. 18 


• 3rd Stage. The third-stage motor uses a liquid injection TVC system nearly identical in concept 19 
to 28 the second-stage system, except strontium perchlorate is used. The TVC system uses 20 
approximately 50 lb (23 kg) of the liquid. 21 


 22 


Figure 1-5  Minuteman III Missile 
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Small amounts of ordnance, in the form of linear explosive assemblies, are used to separate the stages 1 
during flight.  Other ordnance carried on the three-stage booster includes rocket motor igniter assemblies 2 
and an ordnance destruct package, used only for test launches at Vandenberg AFB. 3 


Table 1-1  Solid-Propellant Rocket Motors 4 


Stage Main Chemical Components DOD Explosive Hazard 
Classification 


1st 
Ammonium Perchlorate 
Aluminum 
Polybutadiene-Acrylonitrile Class 1.3 


2nd Ammonium Perchlorate 
Aluminum 
Carboxyl Terminated Polybutadiene 
 


3rd 
Source:  Source:  W. Doke, personal communication, 27 February 2013 
 


Propulsion System Rocket Engine 5 


The PSRE is just above the third-stage motor on the MMIII.  It is a liquid propellant rocket unit 6 
consisting of two sealed propellant storage assemblies, a helium gas storage tank for pressurizing the 7 
propellant, and several small rocket engines.  The propellants used are MonoMethylHydrazine (CH6N2) as 8 
the fuel and Nitrogen Tetroxide (N2O4) as the oxidizer, which form a hypergolic (self-igniting on contact) 9 
combination.  The PSRE is completely assembled and fueled with 13.2 gallons (50 liters) of fuel and 10 
oxidizer each at the time of manufacture.  Other ordnance materials in the PSRE contain less than 1 ounce 11 
(less than 28 grams) of additional explosives. 12 


Missile Guidance Set and MOD 7 Instrumentation Wafer  13 


The electronic missile guidance set and the MOD 7 instrumentation wafer (used only for flight tests) are 14 
mounted on top of the PSRE.  The guidance set is an inertial guidance system that directs the flight of the 15 
MMIII missile.  Components within the instrumentation wafer transmit data to track the missile flight 16 
path and evaluate performance following launch from Vandenberg AFB. 17 


Reentry System and Reentry Vehicles  18 


The payload section on top of the MMIII missile is referred to as the RS.  The support payload bulkhead 19 
inside the RS provides a structural support base for one to three RVs and carries the electronics needed to 20 
activate and deploy them in flight.  A two-piece shroud covers the bulkhead and RVs, protecting them 21 
during ascent.  The nose cap on top of the shroud contains a small rocket motor containing 6.8 lb (3.1 kg) 22 
of solid propellant, which is used to eject the shroud from the vehicle while in flight.  Other small 23 
quantities of ordnance carried onboard the RS include a shroud ejection motor initiator, gas generators, 24 
and gas generator initiators. 25 


The test RVs contain varying quantities of hazardous materials, including batteries, asbestos, depleted 26 
uranium (DU), and other heavy metals.  While only one MMIII test RV per year contains high explosives, 27 
MMIII ERFT RVs do not contain high explosives.  All test RVs typically include 0.29 to 22 ounces (8 to 28 
624 grams) of asbestos; approximately 0.035 to 0.353 ounces (1 to 10 grams) each of beryllium, 29 
cadmium, and chromium; approximately 4.8 ounces (136 grams) of lead; and an unspecified quantity of 30 
DU. 31 


Batteries 32 


Several different types of batteries are carried onboard the motors, the RS, and other sections of the 33 
missile to provide electrical power to the MMIII subsystems.  These are multiple silver-zinc batteries, a 34 
single lithium carbon monofluoride battery, and a single lithium silicon/iron disulfide (thermal) battery.  35 
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Approximately 15 batteries are carried on each MMIII flight test missile (depending on the RS 1 
configuration used), each weighing from 1 to 21 lb (0.5 to 9.5 kg).  The individual Mark (Mk) 12A RVs 2 
contain one silver zinc battery (weighing approximately 1.6 lb [0.7 kg]), while the Mk 21 RVs contains 3 
one silver zinc and one thermal battery (for a total battery weight of approximately 2.4 lb [1.1 kg]). 4 


1.7 Mitigation and Conservation Measures 5 


The USAF has developed and implemented mitigation and conservation measures to minimize the 6 
impacts of the MMIII ERFT flight tests on the environment.  Many of these mitigation and conservation 7 
measures have evolved over time through consultation with NMFS and USFWS for MMIII flight tests 8 
and other similar USAF activities in the Action Area, such as the Conventional Strike Missile program. 9 


Relevant mitigation and conservation measures include (Teledyne, 2005; USAF, 2010): 10 


• Intentional discharges of fuel, toxic wastes, or plastics and other solid wastes that could harm 11 
marine life are prohibited during vessel operations. 12 


• Measures would be taken to inspect and repair equipment to prevent leaks, and for the 13 
containment and clean-up of spills during vessel operations. 14 


• During ocean travel to and from impact and test support areas, vessel operators would monitor for 15 
marine mammals and sea turtles to avoid potential ship strikes, remaining 300 ft (91 m) from 16 
whales and 150 ft (46 m) away from other protected species.  Vessel operators would also adjust 17 
their speed based on expected animal densities, and on lighting and turbidity conditions. 18 


• As data collection instruments are deployed, Lawrence Livermore National Laboratory (LLNL) 19 
personnel will observe the impact and surrounding area to the best of their ability for indications 20 
of marine mammal or sea turtle presence.  If such indications exist or marine mammal or sea 21 
turtle individuals are observed to persist in the impact or surrounding area, the presence will be 22 
reported by LLNL personnel to AFGSC personnel, who will determine the potential for holding 23 
launch activities to allow the animals to pass through the area of concern. 24 


 25 
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2.0 SPECIES OF CONCERN DESCRIPTION 1 
This section introduces the species listed in Table 2-1 and analyzed in this BA.  A brief description of 2 
each species, including distribution, population status, habitat preference, and hearing ability (as 3 
applicable), is provided.  MMIII missile component impacts to the BOAs are not anticipated to affect 4 
sponges, coral, or mollusks, which are generally located in shallower water. 5 


Table 2-1  Listed Species Known or Expected to Occur within the Proposed Impact Areas 6 
Scientific Name Common Name Federal Status 
Fish   
Sphyrna lewini Scalloped hammerhead shark C 
Reptiles   
Chelonia mydas Green sea turtle T 
Eretmochelys imbricata Hawksbill sea turtle E 
Dermochelys coriacea Leatherback sea turtle E 
Caretta caretta Loggerhead sea turtle (North Pacific Ocean DPS) E 
Lepidochelys olivacea Olive ridley sea turtle T 
Mammals   
Balaenoptera musculus Blue whale E 
Balaenoptera physalus Fin whale E 
Megaptera novaengliae Humpback whale E 
Balaenoptera borealis Sei whale E 
Physeter macrocephalus Sperm whale E 
Pseudorca crassidens False killer whale  


(Main Hawaiian Islands Insular Stock DPS) 
E 


Pseudorca crassidens False killer whale MMPA 
Berardius bairdi Blainville’s beaked whale MMPA 
Tursiops truncatus Bottlenose dolphin MMPA 
Balaenoptera edeni Bryde’s whale MMPA 
Ziphius cavirostris Cuvier’s beaked whale MMPA 
Phocoenoides dalli Dall’s porpoise MMPA 
Kogia sima Dwarf sperm whale MMPA 
Lagenodelphis hosei Fraser’s dolphin MMPA 
Mesoplodon ginkgodens Ginkgo-toothed beaked whale MMPA 
Orcinus orca Killer whale MMPA 
Indopacetus pacificus Longman’s beaked whale MMPA 
Peponocephala electra Melon-headed whale MMPA 
Balaenoptera acutorostrata Minke whale MMPA 
Lagenorhynchus obliquidens Pacific white-sided dolphin MMPA 
Stenella attenuata Pantropical spotted dolphin MMPA 
Feresa attenuata Pygmy killer whale MMPA 
Kogia breviceps Pygmy sperm whale MMPA 
Grampus griseus Risso’s dolphin MMPA 
Steno bredanensis Rough-toothed dolphin MMPA 
Delphinus delphinus Short-beaked common dolphin MMPA 
Globicephala macrorhynchus Short-finned pilot whale MMPA 
Stenella longirostris Spinner dolphin MMPA 
Stenella coeruleoalba Striped dolphin MMPA 


Source: NMFS, 2012; Commander, U.S. Pacific Fleet, Executive Agent, 2010 7 
Key: C = Candidate; T = Threatened; E = Endangered; MMPA = Protected Under the U.S. Marine Mammal Protection Act ; DPS 8 
= Distinct Population Segment 9 
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2.1 Fish 1 


In the Pacific Ocean, some of the most common pelagic fish include swordfish, tuna, billfish, mahi mahi, 2 
and oceanic shark.  Marlin, sailfish, and spearfish species are abundant in the open ocean.  Knowledge of 3 
the status of most large pelagic fish is poor because of these species’ wide migratory ranges and the 4 
absence of a Pacific wide international organization to monitor stocks (Commander, U.S. Pacific Fleet, 5 
Executive Agent, 2010).  In general, the western portion of the Pacific Ocean tends to have a lower 6 
incidence of fully exploited, overexploited, depleted, or recovering fish stocks, and a prevalence of 7 
underexploited or moderately exploited stocks.  This region also has a high incidence of stocks whose 8 
state of exploitation is unknown or uncertain and for which overall production estimates are consequently 9 
less reliable.  National Oceanic and Atmospheric Administration (NOAA) Fisheries, regional Fishery 10 
Management Councils, and Federal and state agencies in the United States work together to address these 11 
threats by identifying Essential Fish Habitat (EFH) for each U.S. Federally managed fish species and 12 
developing conservation measures to protect and enhance these habitats.  An EFH encompasses all 13 
habitats that contribute to the health, life, and reproduction of a given fish species. 14 


Although the range of the humphead wrasse (Cheilinus undulatus), which has recently been listed as a 15 
Candidate species under the ESA, encompasses almost the entire Indo-Pacific region, it is normally 16 
associated with coral reefs and thus is not anticipated to be affected by the proposed activities in the open 17 
ocean. 18 


Cartilaginous fish are important parts of the marine ecosystem, and many species are top predators.  19 
Cartilaginous fish, or elasmobranchs, include sharks and rays and their relatives.  While there have been 20 
some studies on their hearing, there have not been extensive studies.  Available data suggests detection of 21 
sounds from 0.02 to 1 Kilohertz (kHz), with best sensitivity at lower ranges.  Though fewer than 10 22 
elasmobranch species have been tested for hearing thresholds, it is likely all elasmobranchs only detect 23 
low frequency sounds because they lack a swim bladder or other pressure detector to amplify sound, 24 
allowing detection at higher sound frequencies and at lower sound levels.  At the same time, the ear in a 25 
number of elasmobranch species whose hearing has not been tested is very large with numerous sensory 26 
hair cells.  Thus, it is possible future studies will demonstrate somewhat better hearing in those species 27 
than is now known (Popper, 2008). 28 


There also is evidence elasmobranchs can detect and respond to human-generated sounds.  Myrberg and 29 
colleagues did experiments in which they played back sounds and attracted a number of different shark 30 
species to the sound source.  The results of these studies showed sharks were attracted to pulsed low-31 
frequency sounds (below several hundred Hertz [Hz]), in the same frequency range of sounds as might be 32 
produced by struggling prey (or divers in the water).  However, sharks are not known to be attracted by 33 
continuous signals or higher frequencies (Popper, 2008).Scalloped Hammerhead Shark (Sphyrna lewini). 34 


The scalloped hammerhead shark is currently a candidate species for listing under the U.S. ESA.  The 35 
following information comes from the 11 August 2011 petition for listing for this species, “Petition To 36 
List the Scalloped Hammerhead Shark (Sphyrna lewini) Under the U.S. Endangered Species Act Either 37 
Worldwide or as One or More Distinct Population Segments”. (WildEarth Guardians and Friends of 38 
Animals, 2011) 39 


The scalloped hammerhead is the second largest hammerhead shark, with a maximum total length of 40 
about 12 to 14 ft (4 to 4.3 m).  The scalloped hammerhead shark can be distinguished from other 41 
hammerheads by its unique head.  The scalloped hammerhead shark has a central indentation of the head, 42 
followed by two more, one on each side of the center, which gives the hammer-shaped head a “scalloped” 43 
appearance. (WildEarth Guardians and Friends of Animals, 2011) 44 


The scalloped hammerhead shark is a long-lived species, with the oldest known individuals estimated at 45 
30.5 years for both males and females.  Female scalloped hammerhead sharks move inshore to give birth 46 
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during summer months.  Predation on the pups is high, primarily by other sharks and adult scalloped 1 
hammerhead sharks, perhaps explaining the species’ larger litter size relative to other sharks.  Despite its 2 
relatively high reproductive rate, the species struggles to recover from exploitation compared to other 3 
shark species. (WildEarth Guardians and Friends of Animals, 2011) 4 


The scalloped hammerhead shark is a coastal and semi-oceanic pelagic shark.  It is found over continental 5 
and insular shelves, as well as ranging into adjacent deep water.  Scalloped hammerhead sharks range 6 
from intertidal inshore areas and estuaries to offshore waters up to depths of 900 ft (274 m).  Juveniles 7 
live in inshore areas, migrating out to deeper waters as they grow.  Adults are known to aggregate at 8 
seamounts and islands.  Adults occur alone, in pairs, or in small schools, while juveniles gather in large 9 
schools.  Exact estimates of the global population of scalloped hammerhead sharks do not exist. 10 
(WildEarth Guardians and Friends of Animals, 2011) 11 


The scalloped hammerhead shark lives in temperate and tropical seas along coastal zones and in deep 12 
water adjacent to them.  Scalloped hammerhead sharks rarely venture into waters cooler than 72 degrees 13 
Fahrenheit (°F) (22 degrees Celsius [°C]).  Known populations in the western portion of the Pacific Ocean 14 
occur in Thailand, Vietnam, Indonesia, China, Japan, Philippines, Australia, and New Caledonia.  15 
Scalloped hammerhead sharks in the Pacific and Indian Oceans may comprise one Distinct Population 16 
Segment each. (WildEarth Guardians and Friends of Animals, 2011) 17 


Fishing, both historic and current, is the main cause of depleted scalloped hammerhead shark populations.  18 
The shark has a very high commercial value, especially its fins, which, when combined with its slow rate 19 
of reproduction, makes the species highly vulnerable to exploitation.  While scalloped hammerhead 20 
sharks are mainly valued for their fins, the species also is economically valuable for other reasons.  The 21 
shark’s flesh is sold in various forms as food, the hides are valued, and the remainder is used for vitamins 22 
and fishmeal. (WildEarth Guardians and Friends of Animals, 2011) 23 


The United States already has recognized the need to protect the scalloped hammerhead shark against 24 
overutilization.  Recently, the United States and Palau submitted a proposal to place three species of 25 
hammerhead shark on the Endangered Species list, including the scalloped hammerhead, under 26 
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).  However, 27 
the proposal was not ratified since it failed to receive a required two-thirds majority vote from CITES 28 
signatories.  Nevertheless, the proposal indicates the United States has recognized overutilization is a 29 
threat to the scalloped hammerhead shark and existing regulatory mechanisms are inadequate to conserve 30 
the species. (WildEarth Guardians and Friends of Animals, 2011) 31 


2.2 Sea Turtles 32 


Information in this section is mainly taken from the following Recovery Plans and 5-Year Reviews, 33 
unless otherwise noted: 34 


• Recovery Plan for U.S. Pacific Populations of the Green Turtle (National Marine Fisheries 35 
Service and U.S. Fish and Wildlife Service, 1998a); Green Sea Turtle (Chelonia mydas) 5-Year 36 
Review: Summary and Evaluation (National Marine Fisheries Service and U.S Fish and Wildlife 37 
Service, 2007a) 38 


• Recovery Plan for U.S. Pacific Populations of the Hawksbill Turtle (Eretmochelys imbricata) 39 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998b); Hawksbill Sea 40 
Turtle (Eretmochelys imbricata) 5-Year Review: Summary and Evaluation (National Marine 41 
Fisheries Service and U.S. Fish and Wildlife Service, 2007b) 42 


• Recovery Plan for U.S. Pacific Populations of the Leatherback Turtle (Dermochelys coriacea) 43 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998c); Leatherback Sea 44 
Turtle (Dermochelys coriacea) 5-Year Review: Summary and Evaluation (National Marine 45 
Fisheries Service and U.S. Fish and Wildlife Service, 2007c). 46 
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• Recovery Plan for U.S. Pacific Populations of the Loggerhead Turtle (Caretta caretta). (National 1 
Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998d); 5-Year Review: Summary 2 
and Evaluation (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 2007d) 3 


• Recovery Plan for U.S. Pacific Populations of the Olive Ridley Turtle (Lepidochelys olivacea) 4 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998e); Olive Ridley Sea 5 
Turtle (Lepidochelys olivacea) 5-Year Review: Summary and Evaluation (National Marine 6 
Fisheries Service and U.S. Fish and Wildlife Service, 2007e) 7 


Sea turtles are long-lived reptiles found throughout the world’s tropical, subtropical, and temperate seas 8 
(Caribbean Conservation Corporation and Sea Turtle Survival League, 2003).  There are seven living 9 
species of sea turtles from two distinct families, the Cheloniidae (hard-shelled sea turtles; six species) and 10 
the Dermochelyidae (leatherback sea turtle; one species).  These two families can be distinguished from 11 
one another on the basis of their carapace (upper shell) and other morphological features.  Six of the 12 
seven living species of sea turtles occur in the US; five of the seven are known to occur in the subtropical 13 
seas of the Pacific Ocean: loggerhead (Caretta caretta), leatherback (Dermochelys coriacea), green 14 
(Chelonia mydas), olive ridley (Lepidochelys olivacea), and hawksbill (Eretmochelys imbricata).  Table 15 
2-1 provides a list of sea turtles potentially in the proposed impact areas.  Sea turtles are an important 16 
marine resource; they provide economic, non-use value to humans (Witherington and Frazer, 2003).  17 
Over the last few centuries, global sea turtle populations have declined dramatically due to human-related 18 
activities such as coastal development, oil exploration, commercial fishing, marine-based recreation, 19 
pollution, and over-harvesting (National Research Council, 1990; Eckert, 1995).  As a result, all six 20 
species of sea turtles occurring in the US and in the subtropical Pacific Ocean are listed as threatened or 21 
endangered and are discussed below.  Most available data are associated with tropical islands, not the 22 
open ocean where proposed impacts are targeted. 23 


Sea turtle auditory sensitivity is not well studied.  The range of maximum sensitivity for sea turtles 24 
appears to be 200 to 800 Hz (Lenhardt 1994; Moein et al. 1994).  Hearing below 80 Hz is less sensitive 25 
but still potentially usable to the turtle (Lenhardt, 1994).  Ridgway et al., (1969) concluded that green 26 
turtles have a useful hearing span of 60 to 1,000 Hz, but they hear best from 200 Hz up to 700 Hz, with 27 
sensitivity falling off considerably below 400 Hz.  Because their anatomy is similar to that of green 28 
turtles, other sea turtle species are thought to have the same sensitivity ranges. 29 


Sea turtle hearing is approximately equivalent to cetacean hearing for 1,000 Hz and below so, for this 30 
assessment, the thresholds and criteria used to assess impacts on cetaceans apply to sea turtles.  Because 31 
sea turtles have been shown to hear only signals that are less than 1,000 Hz, use of the peak flux levels 32 
greatly overestimates the potential impact on sea turtles (USAF, 2006a).  Much of the noise produced by 33 
the MMIII ERFT activities cannot be heard by sea turtles.  The cetacean thresholds for temporary 34 
threshold shift (TTS) and permanent threshold shift (PTS) are likely to be particularly conservative for 35 
sea turtles. 36 


2.2.1 Green Sea Turtle (Chelonia mydas) 37 
The U.S. Federally and internationally protected threatened green sea turtle is the largest-sized member of 38 
the marine turtle family Cheloniidae and is found throughout the Pacific, Indian, and Atlantic Oceans and 39 
the Mediterranean Sea.  Green sea turtles are distinguished from other sea turtles by their smooth 40 
carapace with four pairs of lateral scutes, a single pair of prefrontal scutes, and a coarsely serrated lower 41 
jaw edge.  Adult green sea turtles may weigh more than 220 lb (99 kg) and exceed 3 ft (1 m) in carapace 42 
length.  The common name of this species refers to the green color of its subdermal fat.  The carapace 43 
color of adult green sea turtles ranges from light to dark brown, sometimes with an olive cast, radiating or 44 
wavy lines, and/or dark blotches. 45 


Throughout their range, adult green sea turtles typically are resident in foraging areas (e.g., seagrass or 46 
macro-algae habitats of less than 650 ft [200 m] depths).  Periodically, turtles migrate long distances to 47 







 


 


USAF MMIII ERFT Biological Assessment, April 2013 
2-5 


breeding areas.  Based on growth rates observed in wild green sea turtles, females are thought to reach 1 
sexual maturity at 25 years of age or later.  Reproductive females generally nest every year but may skip 2 
years.  Adult males may migrate and breed every year. 3 


Green sea turtles prefer areas where surface water temperatures are no lower than about 68°F (20°C) in 4 
the coldest month; for example, during warm spells (e.g., El Niño) green sea turtles may be found 5 
considerably north of their normal distribution.  Based on the behavior of post-hatchlings and juveniles 6 
raised in captivity, it is presumed those in pelagic habitats live and feed at or near the ocean surface, and 7 
that their dives do not normally exceed several feet in depth (National Marine Fisheries Service and U.S. 8 
Fish and Wildlife Service, 1998a). 9 


The green sea turtle is a circumglobal species found in tropical seas and, to a lesser extent, in subtropical 10 
waters with temperatures above 68°F (20°C).  Worldwide distribution has been described at length.  The 11 
pelagic range of post-hatchling and juvenile green sea turtles in the insular Pacific region is not known.  A 12 
similar situation exists for all sea turtle populations worldwide.  There are three inherent problems which 13 
impede research of pelagic-phase sea turtles.  First, the whereabouts of the sea turtles are not known, 14 
although generally they are assumed to be at or near the ocean surface along drift lines where surface 15 
waters are brought together by advection and downwelling (sinking of cold water).  Secondly, once the 16 
pelagic locations of the sea turtles have been identified, there are problems in devising an efficient and 17 
safe sampling technique for statistically significant numbers of sea turtles to be captured.  Lastly, a means 18 
to determine the origin of the sea turtles with respect to the nesting beaches where they were hatched 19 
would be needed.  Some advances in genetics research already have been made in this area. 20 


Green turtles are the most abundant sea turtle found throughout the Marianas archipelago.  Importantly, 21 
there are no data to indicate green turtles within the region are in decline.  However, and in contrast, many 22 
green turtle nesting populations in the Atlantic and Pacific Oceans are actually on the increase or stable as 23 
a result of direct conservation action.  Long-term information regarding nesting population trends in 24 
Guam or CNMI is not available.  There is, however, indication the Marianas may provide more important 25 
foraging near shore habitat than nesting.  Aerial surveys conducted by the Guam DAWR indicate the 26 
presence of a year-round resident population in Guam’s nearshore waters (National Marine Fisheries 27 
Service and U.S.Fish and Wildlife Service, 1998a).  Aggregations of foraging and resting green turtles are 28 
often seen in proximity to Guam’s well-developed seagrass beds and reef flats, which are found both 29 
nearshore and in deeper waters south of Falcona Beach (near the northwest end of Guam) and at several 30 
other locations throughout the island’s shelf. (Commander, U.S. Pacific Fleet, Executive Agent, 2010). 31 


The primary threats to green turtles at Guam and the CNMI include direct harvesting of sea turtles and 32 
eggs as well as habitat loss due to rapidly expanding tourism, including increased coastal development on 33 
nesting beaches (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998a).  The size 34 
of the green turtle population in the Pacific Ocean was estimated at about 21,000 adults in 2001 35 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 36 


2.2.2 Hawksbill Sea Turtle (Eretmochelys imbricata)   37 
The hawksbill turtle is listed as endangered under the U.S. ESA.  The hawksbill sea turtles are recognized 38 
by their relatively small size (carapace length less than three ft [0.9 m]), narrow head with tapering beak, 39 
and strongly serrated posterior margin of the carapace and thick, overlapping shell scutes.  A lack of 40 
regular quantitative surveys for hawksbill turtles in the Pacific Ocean and the discrete nature of this 41 
species’ nesting have made it extremely difficult for scientists to assess the distribution and population 42 
status of hawksbills in the region (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 43 
1998b; Seminoff et al., 2003). 44 


The hawksbill sea turtle is threatened with extinction throughout its range.  It is considered universally 45 
endangered in the International Union for Conservation of Nature (IUCN) Red List and is included in 46 
Appendix 1 of CITES (most endangered).  The hawksbill sea turtle is protected as an endangered species 47 
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under the U.S. ESA, for Pacific territories (Guam and American Samoa) and commonwealths (Northern 1 
Marianas Islands) of the United States and for certain independent states, such as Micronesia and Palau, 2 
through cooperative agreements. 3 


The hawksbill sea turtle has the potential to be a long-range migrant.  It is likely adult hawksbill sea 4 
turtles will perform regular migratory movements among a preferred nesting beach, a breeding ground, 5 
and a persistent foraging territory.  The distances between these territorial sites vary greatly and appear to 6 
be of random length among individuals.  The geographic proximity of an adult's foraging habitat in 7 
relation to its natal beach is not known, and the same must be said for juveniles as well.  Once a foraging 8 
or nesting site is chosen, hawksbill sea turtles tend to be persistent in the continuing use of that site.  9 
However, hawksbill sea turtles can move long distances, and it possible nesting and foraging animals 10 
observed in such localities as Palau or Saipan have potential home ranges extending throughout the 11 
islands of Micronesia and Melanesia and even the waters of the Philippines, Indonesia, and Australia. 12 


2.2.3 Leatherback Sea Turtle (Dermochelys coriacea) 13 
Leatherback turtles are listed as endangered under the U.S. ESA and are critically endangered with 14 
extinction in the Pacific Ocean.  The leatherback turtle is the largest-sized living sea turtle.  There are few 15 
quantitative data available concerning the seasonality, abundance, or distribution of leatherbacks in the 16 
North Pacific Ocean.  The leatherback typically is not associated with insular habitats, such as those 17 
characterized by coral reefs, yet individuals occasionally are encountered in deep ocean waters near 18 
prominent archipelagos and their associated reefs, such as the Hawaiian Islands (Eckert, 1993). 19 


The leatherback turtle is distributed worldwide in tropical and temperate waters of the Atlantic, Pacific, 20 
and Indian Oceans.  Recent estimates of global nesting populations indicate 26,000 to 43,000 nesting 21 
females annually, which is a dramatic decline from the 115,000 estimated in 1980.  This is due to 22 
exponential declines in leatherback nesting that have occurred over the last two decades along the Pacific 23 
coasts of Mexico and Costa Rica.  Many populations in the Indian and Pacific Oceans have continued to 24 
decline with recent nesting data from a variety of sources indicating a population of adult females in these 25 
areas numbering less than a few thousand.  About 600 to 650 females nest per year in West Papua 26 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 27 


Throughout their lives, leatherbacks are essentially oceanic, yet they enter into coastal waters for foraging 28 
and reproduction.  There is limited information available regarding the habitats used by hatchling and 29 
early juvenile leatherback turtles as these age classes are entirely oceanic.  These life stages are restricted 30 
to waters greater than (>) 79°F (26°C) and, therefore, they spend much time in tropical waters.  Late 31 
juvenile and adult leatherback turtles are known to range from mid-ocean to nearshore waters in the 32 
Northern Marianas Islands (Commander, U.S. Pacific Fleet, Executive Agent, 2010). 33 


Of the three sea turtle species sighted around Guam and the Northern Marianas Islands during marine 34 
surveys, the leatherback turtle is the least common (USN, 2003), with only a few occurrence records 35 
existing (Eckert et al., 1999; Wiles et al., 1995).  Recent NOAA satellite tracking of leatherback turtles 36 
departing from nesting habitats in West Papua seem to transit through Marianas Islands Range Complex 37 
(MIRC) waters.  Leatherback turtles do not nest at any of the islands in Micronesia (Commander, US 38 
Pacific Fleet, Executive Agent, 2010). 39 
 40 


2.2.4 Loggerhead Sea Turtle (Caretta caretta)  41 
The loggerhead turtle is a large, hard-shelled sea turtle.  The North Pacific Ocean distinct population 42 
segment is listed as endangered under the U.S. ESA (National Oceanic and Atmospheric Administration 43 
Fisheries, Office of Protected Resources, 2012b).  The North Pacific loggerhead turtle population nests 44 
exclusively in Japan where a 50 to 90 percent decrease has been documented.  It is probable that fewer 45 
than 1,000 females breed annually in Japan.  Although the nesting trend since 2001 has been upward, the 46 
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population continues to face impacts from directed hunting, coastal development, light pollution, beach 1 
armoring, and incidental capture in coastal and pelagic fisheries (Commander, U.S. Pacific Fleet, 2 
Executive Agent, 2010). 3 


The loggerhead turtle occurs worldwide in temperate and tropical habitats ranging from coastal estuaries 4 
to waters found hundreds of miles out to sea, as well as in inshore areas such as bays, ship channels, and 5 
the mouths of large rivers.  The juvenile stage and adult foraging stage both occur in the neritic or 6 
nearshore zone.  Coral reefs, rocky places, and ship wrecks are often used as feeding areas.  The 7 
loggerhead turtles in the west Pacific Ocean are active and feed primarily on the bottom, though prey also 8 
is captured throughout the water column.  Tagging data revealed migratory routes may be coastal or may 9 
involve crossing deep ocean waters; an oceanic route may be taken even when a coastal route is an option 10 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 11 


Pacific loggerhead turtles appear to use the entire North Pacific Ocean during the course of development, 12 
much like Atlantic loggerheads use the North Atlantic Ocean.  There is evidence both stocks make two 13 
separate transoceanic crossings: the first (west to east) is made immediately after hatching, while the 14 
second (east to west) is made upon reaching either the late juvenile or adult life stage.  Occurrences of this 15 
species are documented in the waters off Palau and the Philippines (Commander, U.S. Pacific Fleet, 16 
Executive Agent, 2010). 17 


2.2.5 Olive Ridley Sea Turtle (Lepidochelys olivacea)  18 
The olive ridley sea turtle, named for its olive green-colored shell, is listed as threatened under the U.S. 19 
ESA, except for the Mexican nesting population, which is listed as endangered.  Even though there are no 20 
current estimates of worldwide abundance, the olive ridley turtle is still considered the most abundant of 21 
the world’s sea turtles.  It is increasingly uncommon further offshore, and rare in the central Pacific, both 22 
at sea and around islands.  The number of olive ridley turtles occurring in U.S. territorial waters is 23 
believed to be small.  (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998e) 24 


The olive ridley is mainly a pelagic sea turtle, but it has been known to inhabit coastal areas, including 25 
bays and estuaries.  Olive ridley turtles mostly breed annually and have an annual migration from pelagic 26 
foraging to coastal breeding and nesting grounds and back to pelagic foraging.  Population growth rate 27 
parameters calculated for the primary nesting site of Mexico indicate a negligible risk of extinction over 28 
the next several decades, given that current conservation practices are continued (Snover, 2005).  The 29 
geographic scope of the olive ridley includes Guam, the Commonwealth of the Northern Mariana Islands 30 
(CNMI), and American Samoa.  The U.S.-affiliated but independent nations of the Republic of the 31 
Marshall Islands (RMI), FSM, and the ROP are also included.  Trans-Pacific ships have observed olive 32 
ridley turtles over 2,100 nm (4,000 km) from shore.  Only one olive ridley record exists for Guam and the 33 
Northern Marianas Islands, an alleged capture in the waters near Saipan.  The exact location of this 34 
capture is unknown.  In-water sightings of this species have occurred within the Yap and Palau vicinities 35 
(Commander, U.S. Pacific Fleet, Executive Agent, 2010). 36 


2.3 Marine Mammals 37 


This section provides information about marine mammals that may reside in, or transit through, the 38 
general region of the proposed impact sites.  Marine mammals include a diverse assemblage of animals 39 
uniquely adapted for life in the sea.  Cetaceans (whales, dolphins, and porpoises) commonly are divided 40 
into two groups: those with teeth for grasping prey (odontocetes), and those that use baleen to filter prey 41 
from seawater (mysticetes).  Pinnipeds (seals and sea lions) are somewhat less marine-adapted in that they 42 
routinely haul out onto land to breed and molt; consequently, they are not included in the analysis.  43 
Mustelids (sea otters) also are not likely to be found in the impact areas and are not included in this 44 
analysis.  Twenty-six species of marine mammals occur in the pelagic waters of the Pacific Ocean (U.S. 45 
Geological Survey, 2003). 46 
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All marine mammals are protected from take in U.S. waters or by U.S. citizens in international waters by 1 
the US MMPA and ESA.  Several marine mammal species occurring in the Action Area are US ESA-2 
listed as threatened or endangered.  Descriptions of listed marine mammal species in Table 2-1 are 3 
provided below.  Descriptions of those species potentially present in the Action Area and protected by the 4 
U.S. MMPA are also provided in Table 2-1. 5 


Any species listed as threatened or endangered under the ESA is considered a depleted stock by the 6 
MMPA.  The term depleted is further defined by the MMPA as any case in which a species or population 7 
stock is determined to be below its optimum sustainable population.  In addition to those species listed as 8 
depleted under the MMPA because they are listed as threatened or endangered under the ESA, one 9 
species—the spinner dolphin (Stenella longirostris)—is also listed as depleted under the MMPA.  10 


There is no designated critical habitat in the Action Area for cetaceans. 11 


2.3.1 Whales Listed under the U.S. Endangered Species Act 12 
The whales described under the following headings are endangered or candidate species under the U.S. 13 
ESA and are listed in Table 2-1.  Recently, Southall et al. (2007) suggested that cetaceans be divided into 14 
three basic functional hearing groups: high-frequency cetaceans (true porpoises, Kogia, river dolphins, 15 
cephalorhychids), mid-frequency cetaceans (“dolphins,” toothed whales, beaked whales, and bottlenose 16 
whales), and low-frequency cetaceans (mysticetes) (National Marine Fisheries Service. 2011).  Most 17 
groups of baleen whales (mysticetes) are short-lived, lasting only for hours, and individual-specific 18 
associations appear to be exceptions to the norm.  Most toothed whales live in more structured groups, in 19 
which young animals have a long period of dependency and social learning.  (Tyack, 1986) 20 


2.3.1.1 Blue Whale (Balaenoptera musculus) 21 
The blue whale is listed as endangered under the U.S. ESA and as depleted under the U.S. MMPA 22 
(NMFS, 1998).  Widespread whaling over the last century is believed to have decreased the population to 23 
approximately 1 percent of its pre-whaling population size (Sirovic et al., 2004).  The stock of blue 24 
whales includes animals found from the northern Gulf of Alaska to the Eastern Tropical Pacific (ETP) as 25 
well as the Western Pacific stock (Carretta et al., 2010). 26 


The blue whale is a baleen (mysticete) whale that inhabits all oceans and normally occurs near the coast 27 
though it also is found in oceanic waters.  Blue whales travel alone or with one to two other individuals.  28 
Calving occurs in tropical and subtropical waters (Jefferson et al., 2008). 29 


This species preys almost exclusively on various types of zooplankton, mainly krill.  They lunge feed and 30 
consume approximately 6 tons (5,500 kg) of krill per day (Pitman et al., 2007).  They sometimes feed at 31 
depths >330 ft (100 m), where their prey maintains dense groupings (Acevedo-Gutiérrez et al., 2002). 32 


While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 33 
have acute infrasonic hearing.  Based on vocalizations and anatomy, blue whales are assumed to 34 
predominantly hear low-frequency sounds below 400 Hz (Croll et al., 2001; Oleson et al., 2007).  In terms 35 
of functional hearing capability, blue whales belong to the low-frequency group, with a hearing frequency 36 
range of 12 to 400 Hz, with dominant energy in the infrasonic range at 7 Hz to 22 kHz (Southall et al., 37 
2007; Ketten, 1998; Mellinger and Clark, 2003).  Experts assume blue whales are able to receive sound 38 
signals in roughly the same frequencies as the signals they produce.  This suggests blue whales, like other 39 
baleen whales, are more likely to have their best hearing capacities at low frequencies, including 40 
frequencies lower than those of normal human hearing, rather than at mid- to high-frequencies (Ketten, 41 
1997). 42 







 


 


USAF MMIII ERFT Biological Assessment, April 2013 
2-9 


2.3.1.2 Fin Whale (Balaenoptera physalus) 1 
The fin whale has a worldwide distribution, but is listed as endangered under the U.S. ESA and as 2 
depleted under the U.S. MMPA.  Fin whales are the second-largest whale species by length.  The fin 3 
whale is found in all the world’s oceans and is the second largest species of whale (Jefferson et al., 2008).  4 
There are an estimated 140,000 fin whales globally, and they are relatively abundant in the Pacific Ocean 5 
(Mizroch et al., 2009).  Fin whales can be found in social groups of 2 to 7 whales.  Fin whales are rare in 6 
waters in the vicinity of Wake Island and Guam.  The Pacific fin whale population structure is not well 7 
known.  There is a California, Oregon, and Washington stock recognized, as well as a separate stock in 8 
the Gulf of California (Carretta et al., 2010).  (National Marine Fisheries Service. 2010) 9 


This baleen (mysticete) whale species uses a variety of habitats and is highly adaptable (Azzellino et al., 10 
2008; Panigada et al., 2008).  They prefer temperate and polar waters and are scarcely seen in tropical 11 
waters (Reeves et al., 2002).  Fin whales are often seen close to shore after periodic patterns of upwelling 12 
of cool water and the resultant increased krill density (Azzellino et al., 2008).  Fin whales occur year-13 
round in a wide range of latitudes and longitudes, but the density of individuals in any one area changes 14 
seasonally (National Marine Fisheries Service. 2010). 15 


The anatomy of the baleen whale inner ear seems to be well-adapted for detection of low-frequency 16 
sounds (Ketten 1992).  Baleen whale calls, especially fin whale calls (especially known for their 17 
characteristic 20 Hz moans), are also predominantly at low frequencies, mainly below 1 kHz (Richardson 18 
et al. 1995), and their hearing is presumed good at corresponding frequencies  (National Marine Fisheries 19 
Service. 2010).  In terms of functional hearing capability, fin whales belong to the low-frequency group, 20 
with hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  Although no studies have directly 21 
measured the sound sensitivity of fin whales, experts assume that fin whales are able to receive sound 22 
signals in roughly the same frequencies as the signals they produce.  This suggests that fin whales, like 23 
other baleen whales, are more likely to have their best hearing capacities at low frequencies, including 24 
frequencies lower than those of normal human hearing, rather than at mid- to high frequencies (Ketten, 25 
1997). 26 


2.3.1.3 Humpback Whale (Megaptera novaengliae) 27 
Humpback whales are endangered under the U.S. ESA and depleted under the U.S. MMPA.  There are an 28 
estimated 35,000 to 40,000 humpback whales globally.  In the Action Area, this estimate includes about 29 
6,000 to 8,000 in the North Pacific Ocean.  Some stocks apparently are still depleted from whaling, but 30 
most are showing strong evidence of recovery (Calambokidis and Barlow, 2004).  In the U.S. North 31 
Pacific Ocean, the stock structure of humpback whales is defined based on feeding areas because of the 32 
species’ fidelity to feeding grounds (Carretta et al., 2010). 33 


Humpback whales are baleen (mysticete) whales that are distributed in all major oceans and most seas.  34 
They normally are found during the summer on high latitude feeding grounds and during the winter in the 35 
tropics and subtropics around islands, over shallow banks, and along continental coasts, where calving 36 
occurs.  The humpback social structure is loose-knit.  Typically, individuals live alone or in small, 37 
transient groups that disband after a few hours.  Most humpback whale sightings are in nearshore waters; 38 
however, humpback whales frequently travel through deep oceanic waters during migration 39 
(Calambokidis et al., 2001). 40 


Humpback feeding habitats typically are shallow banks or ledges with high seafloor relief (Hamazaki, 41 
2002).  On breeding grounds, females with calves occur in significantly shallower waters than other 42 
groups of whales, and breeding adults use deeper more offshore waters (Ersts and Rosenbaum, 2003; 43 
Smultea, 1994).  Humpback whales feed on a variety of invertebrates and small schooling fishes, both at 44 
the surface and in deeper waters.  Humpbacks spend most of their time in the upper 395 ft (120 m) of the 45 
water column on the feeding grounds (Dietz et al., 2002). 46 
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In terms of functional hearing capability, humpback whales belong to the low-frequency group of 1 
cetaceans, with hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  Houser et al. (2001) 2 
produced a predicted humpback whale audiogram using a mathematical model based on the internal 3 
structure of the ear.  Estimated sensitivity was from 700 Hz to 10 kHz, with maximum relative sensitivity 4 
between 2 and 6 kHz.  The ability of humpbacks to hear frequencies around 3 kHz may have been 5 
demonstrated in a playback study.  Maybaum (1989) reported humpback whales showed a mild response 6 
to a handheld sonar detection and location device with frequency of 3.3 kHz at 219 Decibels (dB) 7 
referenced to (re) 1 Micropascal-meter (μPa-m) or frequency sweep of 3.1 to 3.6 kHz. 8 


2.3.1.4 Sei Whale (Balaenoptera borealis) 9 
The sei whale is endangered under the U.S. ESA and depleted under the U.S. MMPA.  Only a single 10 
eastern North Pacific Ocean stock is recognized in the U.S. Pacific EEZ (National Marine Fisheries 11 
Service. 2011; Carretta et al., 2010).  Some research indicates more than one stock exists: one between 12 
175° West (W, longitude measured East [E] or W from the Prime Meridian), and 155°W and another east 13 
of 155°W (Carretta et al., 2010). 14 


Sei whales are baleen (mysticete) whales that have a worldwide distribution, but are found primarily in 15 
cold temperate to subpolar latitudes.  During the winter, sei whales are found from 20°North (N) to 23°N 16 
and during the summer from 35°N to 50°N (Horwood, 2009; Smultea et al., 2010).  They are considered 17 
absent or at very low densities in most equatorial areas and therefore are unlikely to be present in high 18 
numbers in the Action Area.  Sei whales are usually observed singly or in small groups of 2 to 5 animals, 19 
but are occasionally found in larger (30 to 50 individuals) loose aggregations. 20 


Sei whales appear to prefer regions of steep bathymetric relief, such as canyons, continental shelf breaks, 21 
or basins between banks and ledges (Best and Lockyer, 2002; Gregr and Trites, 2001).  Sei whales spend 22 
the summer feeding in high subpolar latitudes and return to lower latitudes to calve in winter.  Feeding 23 
occurs primarily around dawn, which appears to be correlated with vertical migrations of prey species 24 
(Horwood, 2009).  The sei whale typically skims to obtain its food, but occasionally does some lunging 25 
and gulping (Horwood, 2009). 26 


While no data on hearing ability for this species are available, Ketten (1997) hypothesized mysticetes 27 
have acute infrasonic hearing.  In terms of functional hearing capability, sei whales belong to the group of 28 
low-frequency cetaceans with the best hearing ranging from 7 Hz to 22 kHz (Southall et al., 2007).  There 29 
are no tests or modeling estimates of specific sei whale hearing ranges. 30 


2.3.1.5 Sperm Whale (Physeter macrocephalus) 31 
The sperm whale has been endangered since 1970 under the precursor to the U.S. ESA and is considered 32 
depleted under the U.S. MMPA.  Sperm whales are the largest of the toothed whales, with males 33 
considerably larger than females (National Oceanic and Atmospheric Administration, 2012).  Sperm 34 
whales are divided into three stocks in the Pacific Ocean.  Sperm whales are somewhat migratory with 35 
general shifts occurring during the summer for feeding and breeding.  However, in some tropical areas, 36 
they appear to be largely resident (Rice, 1989; Whitehead, 2003; Whitehead et al., 2008).  Adult male 37 
sperm whales are typically alone while females and juvenile males occur in larger groups (Reeves, et al., 38 
2002).  Sperm whales socialize for predator defense and foraging, feeding on squid and other cephalopods 39 
and bottom-dwelling fish and invertebrates (Davis et al., 2007; Rice, 1989). 40 


Sperm whales tend to inhabit areas at least 1,968 ft (600 m) deep, and are uncommon in waters less than 41 
984 ft (300 m) deep.  Females generally are found in waters at least 3,280 ft (1,000 m) deep of low 42 
latitudes (less than 40°N or South (S) from the Equator, except in the North Pacific where they are found 43 
as high as 50°N).  These conditions generally correspond to sea surface temperatures >59°F (15°C), and 44 
while female sperm whales are sometimes seen near oceanic islands, they usually are far from land 45 
(National Oceanic and Atmospheric Administration, 2012). 46 
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Sperm whales produce short-duration (generally less than 3 seconds) broadband clicks, (100 Hz to 30 1 
kHz), with dominant energy in two bands, 2 to 4 kHz and 10 to 16 kHz.  Generally, most of the acoustic 2 
energy is present at frequencies below 4 kHz, although diffuse energy up to and past 20 kHz has been 3 
reported (Thode et al., 2002).  The source levels can be up to 236 dB re 1 µPa-m (Møhl et al., 2003).  4 
Thode et al. (2002) suggested the acoustic directivity (angular beam pattern) from sperm whales must 5 
range between 10 and 30 dB in the 5 to 20 kHz region.  The clicks of newborn sperm whales are very 6 
different from usual clicks of adults; they are of low directionality, long duration, and low-frequency 7 
(centroid frequency between 300 and 1,700 Hz) with estimated source levels between 140 and 162 dB re 8 
1 µPa-m (Madsen et al., 2003).  Clicks are heard most frequently when sperm whales are engaged in 9 
diving/foraging behavior (Whitehead and Weilgart, 1991; Miller et al., 2004; Zimmer et al., 2005).  These 10 
may be echolocation clicks used in feeding, contact calls (for communication), and orientation during 11 
dives.  When sperm whales are socializing, they tend to repeat series of clicks (codas), which follow a 12 
precise rhythm and may last for hours (Watkins and Schevill, 1977).  Codas are shared between 13 
individuals of a social unit and are considered to be primarily for intragroup communication (Weilgart 14 
and Whitehead, 1997; Rendell and Whitehead, 2004). 15 


The anatomy of the sperm whale ear indicates it hears high-frequency sounds (Ketten, 1992).  Anatomical 16 
studies also suggest the sperm whale has some ultrasonic hearing but at a lower maximum frequency than 17 
many other odontocetes (Ketten, 1992).  The sperm whale is a mid-frequency hearing specialist and may 18 
possess better low-frequency hearing than some other odontocetes, although not as extraordinarily low as 19 
many baleen whales (Ketten, 1992).  Auditory brainstem response in a neonatal sperm whale indicated 20 
highest sensitivity to frequencies between 5 and 20 kHz (Ridgway and Carder, 2001). 21 


Reactions to anthropogenic sounds can provide indirect evidence of hearing capability, and several 22 
studies have noted changes seen in sperm whale behavior in conjunction with these sounds.  For example, 23 
sperm whales have been observed to frequently stop echolocating in the presence of underwater pulses 24 
made by echosounders and submarine sonar (Watkins and Schevill, 1977).  In the Caribbean, Watkins et 25 
al. (1985) observed sperm whales exposed to 3.25 to 8.4 kHz pulses (presumed to be from submarine 26 
sonar) interrupted their activities and left the area.  Similar reactions were observed from artificial noise 27 
generated by banging on a boat hull (Watkins et al., 1985).  André et al. (1997) reported foraging whales 28 
exposed to a 10 kHz pulsed signal did not ultimately exhibit any general avoidance reactions; when 29 
resting at the surface in a compact group, sperm whales initially reacted strongly and then ignored the 30 
signal completely.  Thode et al. (2007) observed the acoustic signal from a fishing vessel’s rapidly 31 
spinning propeller (110 dB re 1 squared µPa [µPa2] between 250 Hz and 1.0 kHz) interrupted sperm 32 
whale acoustic activity and resulted in the animals converging on the vessel.  The full range of functional 33 
hearing for the sperm whale is estimated to occur between approximately 150 Hz and 160 kHz, placing 34 
them among the group of cetaceans that can hear mid-frequency sounds (Southall et al., 2007). 35 


2.3.1.6 False Killer Whale (Pseudorca crassidens) 36 
The false killer whale is listed as an endangered species under the U.S. ESA and depleted under the U.S. 37 
MMPA.  The Main Hawaiian Islands Insular Stock Distinct Population Segment (DPS) was listed as 38 
endangered under the ESA in November 2012.  The range of the DPS is within 76 nm (140 km) of the 39 
Main Hawaiian Islands (National Marine Fisheries Service, 2012), which is outside the Action Area and 40 
thus the proposed activities should have no effect to the individuals of this DPS.  They are found in 41 
tropical and temperate waters, generally between 50°S and 50°N latitude with a few records north of 42 
50°N in the Pacific and the Atlantic (Odell and McClune, 1999).  Seasonal movements in the western 43 
North Pacific may be related to prey distribution (Odell and McClune, 1999).  Baird et al. (2005) noted 44 
considerable inter-island movements of individuals in the Hawaiian Islands. 45 


False killer whales primarily eat deep-sea cephalopods and fish (Odell and McClune, 1999), but they have 46 
been known to attack other cetaceans, including dolphins (Perryman and Foster, 1980; Stacey and Baird, 47 
1991), sperm whales (Palacios and Mate, 1996), and baleen whales. 48 
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Not much is known about most false killer whale populations globally.  False killer whales are 1 
gregarious, occurring in groups of 10 to 20 individuals and aggregates into the 100s (National Marine 2 
Fisheries Service Pacific Islands Regional Office, 2013).  While the species is not considered rare, few 3 
areas of high density are known.  There are four recognized Pacific Islands management stocks of false 4 
killer whales: two of which may occur near the Action Area; the Palmyra Atoll stock, includes whales 5 
found in the U.S. EEZ of Palmyra Atoll; and the American Samoa stock, which includes false killer 6 
whales found in the U.S. EEZ of American Samoa. 7 


The dominant frequencies of false killer whale whistles are 4 to 9.5 kHz; those of their clicks are 25 to 30 8 
kHz and 95 to 130 kHz (Thomas et al., 1988; Richardson, 1995).  The source level for clicks is 220 to 228 9 
dB re 1 µPA-m (Ketten, 1998).  The false killer whale is a mid-frequency specialist (National Marine 10 
Fisheries Service Pacific Islands Regional Office, 2013).  Best hearing sensitivity measured for a false 11 
killer whale was around 16 to 64 kHz (Thomas et al., 1988).  Yuen et al. (2005) tested a stranded false 12 
killer whale using auditory evoke potentials to produce an audiogram in the range of 4 to 44 kHz with 13 
best sensitivity at 16 to 24 kHz, but it may have had age-related hearing loss. 14 


2.3.2 Marine Mammals Protected by the U.S. Marine Mammal Protection Act 15 
Species protected by U.S. MMPA potentially occurring in the over-ocean flight corridor and/or MMIII 16 
impact areas in the west Pacific Ocean, including the false killer whale described above, are briefly 17 
described below as provided in MIRC EIS. 18 


2.3.2.1 Blainville’s Beaked Whale (Mesoplodon densirostris) 19 
The Blainville’s beaked whale is designated as “data deficient” on the IUCN Red List (Reeves et al., 20 
2002) (IUCN Red List version 2009.2).  There are no abundance estimates for the Blainville’s beaked 21 
whale in this area.  There was no density estimate for Blainville’s beaked whales available from the 22 
Mariana Islands, therefore, a density estimate of 0.0013 animals per Square Mile (mi2)(Square Kilometer 23 
[km2]) (Coefficient of Variance [CV] = 0.71) that was derived from the offshore Hawaii area was used.  24 
Beaked whales generally breed in October and November, but little else is known of their reproductive 25 
behavior. 26 


The Blainville’s beaked whale occurs in temperate and tropical waters of all oceans.  In the eastern 27 
Pacific tropical waters, where there are about a half-dozen Mesoplodon spp. known, the Blainville’s 28 
beaked whale is second only to the pygmy beaked whale (Mesoplodon peruvianus) in abundance.  These 29 
whales are usually found in small social groups of about 5, but have been occasionally seen in larger 30 
groups of up to 12 animals.  (National Marine Fisheries Service, 2012).  In waters of the western Pacific, 31 
where the pygmy beaked whale is not considered to be present, the Blainville’s beaked whale is probably 32 
the most common and abundant tropical species of Mesoplodon and may be expected to occur in the area.  33 
Two Mesoplodon species were observed during the Navy’s 2007 survey, over the West Mariana Ridge, 34 
but were not identified to the species level.  Occurrence patterns are expected to be the same throughout 35 
the year.  Recent information suggests that beaked whale species (Blainville’s and Cuvier’s beaked 36 
whales and northern bottlenose whales) show site fidelity and have been sighted in the area over many 37 
years. 38 


Analysis of stomach contents from captured and stranded individuals suggests that beaked whales are 39 
deep-diving animals, feeding by suction.  Another species of beaked whales, the Baird’s beaked whale, 40 
feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as mackerel, 41 
sardine, and saury.  Four Blainville’s beaked whales off the west coast of Hawaii foraged in deep ocean 42 
areas (2,270 to 9,855 ft [688 to 2,986 m]) with a maximum dive to 4,619 ft (1,400 m).  Dives ranged from 43 
at least 13 minutes (lost dive recorder during the dive) to a maximum of 68 minutes. 44 


Beaked whales possibly use frequencies of between 300 Hz and 129 kHz for echolocation, and between 2 45 
and 10 kHz, and possibly up to 16 kHz, for social communication.  In 2004, Blainville’s beaked whale 46 
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echolocation clicks were recorded at frequencies from 20 to 40 kHz, although 40 kHz was the upper range 1 
of recording equipment.  Therefore, it is possible that Blainville’s beaked whales may use frequencies 2 
similar to those measured for Cuvier’s beaked whales; i.e, frequencies from 20 to 70 kHz.  In 2004 in the 3 
Ligurian Sea, the source level of two Blainville’s beaked whale clicks ranged from 200 to 220 dB re 4 
1 μPa-m, as measured peak to peak.  Blainville’s beaked whales produce whistles and pulsed sounds 5 
between 6 and 16 kHz.  No hearing data is available for Blainville’s beaked whales but it has been 6 
reported that the Gervais beaked whale could hear in the range of 5 to 80 kHz although no measurements 7 
were attempted above 80 kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 8 


2.3.2.2 Bottlenose dolphin (Tursiops truncatus) 9 
There were an estimated 122 (CV = 0.99; 95% Confidence Indicator [CI] = 5.0  to 2,943) bottlenose 10 
dolphins in the Mariana Islands Sea Turtle and Cetacean Survey (MISTCS) study area, and density was 11 
estimated as 0.00021 animals per mi2 (km2) (Naval Facilities Engineering Command Pacific, 2007).  12 
Bottlenose dolphin group size ranged from 3 to 10 individuals and calves were seen during several 13 
sightings.  Offshore herds sometimes have several hundred individuals.  Bottlenose dolphins are 14 
designated as “least concern” on the 2009 IUCN Red List.  Nothing is known of stock structure around 15 
the Marianas.  The only estimate of abundance of bottlenose dolphins for the region is an estimate of 16 
31,700 animals for the Western North Pacific, which may possibly coincide with the stock of offshore 17 
bottlenose dolphins that occurs around the Marianas. 18 


Bottlenose dolphins off the Pacific coast of the United States are known to feed primarily on surf perches 19 
(Family Embiotocidae) and croakers (Family Sciaendae).  Bottlenose dolphins are expected to occur from 20 
the coastline to the 6,600-ft (2,000-m) isobath, which takes into consideration the known habitat 21 
preferences of Tursiops globally.  Individuals are expected to occur in both harbors and lagoons, based on 22 
observations worldwide in similar habitats.  There is a low or unknown occurrence of the bottlenose 23 
dolphin seaward of the 6,600-ft (2,000-m) isobath.  This pattern takes into account possible movement by 24 
bottlenose dolphins between the Mariana Islands chain, as well as sightings globally in deep waters.  25 
Occurrence patterns are expected to be the same throughout the year.  There are no stranding records 26 
available for this species in the Marianas area and vicinity, and only a mention that bottlenose dolphins 27 
are seen in coastal waters of Guam.  It is possible that large densities of bottlenose dolphins do not occur 28 
in great numbers in this island chain due to the fact that the area does not have a significant shelf 29 
component.  A similar situation could be occurring in the MIRC Study Area and vicinity. 30 


Bottlenose dolphins were sighted three times during the Navy’s 2007 MISTCS survey, two of the 31 
sightings were in the vicinity of Challenger Deep, while the other sighting was east of Saipan near the 32 
Mariana Trench in deep waters ranging from 13,995 to 16,536 ft (4,241 to 5,011 m).  One of the sightings 33 
near the Challenger Deep was a mixed-species aggregation that included sperm whales (with calves) 34 
logging at the surface.  Another mixed-species aggregation involved bottlenose dolphins with short-35 
finned pilot whales and rough-toothed dolphins.  (Naval Facilities Engineering Command Pacific, 2007) 36 


Newborn calves are observed throughout the year and may be influenced by productivity and food 37 
abundance.  In 1993 it was reported that all his sightings of bottlenose dolphins in the western Pacific 38 
were of a larger, unspotted type (presumably the bottlenose dolphin, as opposed to the similar Indo-39 
Pacific bottlenose dolphin).  The Indo-Pacific bottlenose dolphin is considered to be a species associated 40 
with continental margins, as it does not appear to occur around offshore islands great distances from a 41 
continent, such as the Marianas.  However, since the Indo-Pacific bottlenose dolphin occurs directly west 42 
and to the south of the Marianas area, there is the possibility of extralimital occurrences of this species. 43 


There are no stranding records available for this species in the Marianas area and vicinity, and only a 44 
mention that bottlenose dolphins are seen in coastal waters of Guam.  It is possible that large densities of 45 
bottlenose dolphins do not occur in great numbers in this island chain due to the fact that the area does not 46 
have a significant shelf component.  A similar situation could be occurring in the MIRC Study Area and 47 
vicinity. 48 
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Pacific coast bottlenose dolphins feed primarily on surf and croakers, and also consume squid.  Navy 1 
bottlenose dolphins have been trained to reach maximum diving depths of about 984 ft (298 m).  The 2 
presence of deep-sea fish in the stomachs of some offshore individual bottlenose dolphins suggests that 3 
they dive to depths of more than 1,638 ft (496 m).  Dive durations up to 15 minutes have been recorded 4 
for trained individuals.  Typical dives, however, are more shallow and of a much shorter duration. 5 


Sounds emitted by bottlenose dolphins have been classified into two broad categories: pulsed sounds 6 
(including clicks and burst-pulses) and narrow-band continuous sounds (whistles), which usually are 7 
Frequency Modulated (FM).  Clicks and whistles have a dominant frequency range of 110 to 130 kHz and 8 
a peak to peak source level of 218 to 228 dB re 1 μPa-m and 3.5 to 14.5 kHz and 125 to 173 dB re 1 9 
μPa-m, respectively.  Generally, whistles range in frequency from 0.8 to 24 kHz. 10 


The bottlenose dolphin has a functional high-frequency hearing limit of 160 kHz and can hear sounds at 11 
frequencies as low as 40 to 125 Hz (Turl, 1993).  Inner ear anatomy of this species has been described.  12 
Electrophysiological experiments suggest that the bottlenose dolphin brain has a dual analysis system: 13 
one specialized for ultrasonic clicks and the other for lower-frequency sounds, such as whistles.  14 
Scientists have reported a range of best sensitivity between 25 and 70 kHz, with peaks in sensitivity 15 
occurring at 25 and 50 kHz. 16 


A TTS in hearing has been experimentally induced in captive bottlenose dolphins using a variety of 17 
noises (i.e., broad-band, pulses).  For example, TTS has been induced with exposure to a 3 kHz, one-18 
second pulse with sound exposure level (SEL) of 195 dB re 1 Micropascal Squared-second (μPa2-s), one-19 
second pulses from 3 to 20 kHz at 192 to 201 dB re 1 Micropascal (μPa), octave band noise (4 to 11 kHz) 20 
for 50 minutes at 179 dB re 1 μPa, and sonar signals (0.5 second in duration) spaced 24 seconds at 5.6 21 
kHz.  Preliminary research indicates that TTS and recovery after noise exposure are frequency dependent 22 
and that an inverse relationship exists between exposure time and sound pressure level associated with 23 
exposure.  TTS was induced by repeated exposures to intense sonar pings with received sound exposure 24 
levels of 214 dB re 1 μPa2-s, suggesting that for TTS to occur from sonar in the environment, the dolphin 25 
would need to be within 131 ft (40 m) of the source and exposed for approximately 2 to 2.5 minutes.  The 26 
authors suggest that this would be an unlikely situation out in the open ocean and concluded that an SEL 27 
of 195 dB re 1 μPa2-s is a reasonable threshold for the onset of TTS in bottlenose dolphins exposed to 28 
mid-frequency tones. 29 


2.3.2.3 Bryde’s Whale (Balaenoptera edeni) 30 
There were an estimated 233 ([CV = 0.45; 95% CI = 99 to 546) Bryde’s whales in the MISTCS study 31 
area, and density was estimated as 0.00041 animals per square kilometer.  The International Whaling 32 
Commission recognizes three management stocks of Bryde’s whales in the North Pacific: Western North 33 
Pacific, Eastern North Pacific, and East China Sea.  The Bryde’s whale is designated as “data deficient” 34 
on the IUCN Red List.  Breeding and calving occur in warm temperate and tropical areas but regularly 35 
used sites have not been identified.  Bryde’s whales are lunge-feeders, feeding on fish and krill and might 36 
dive as long as 20 minutes. 37 


The Bryde’s whale is found year-round in tropical and subtropical waters in either hemisphere.  They 38 
have been reported to occur in both deep and shallow waters globally.  Long migrations are not typical of 39 
Bryde’s whales, though limited shifts in distribution toward and away from the equator, in winter and 40 
summer, respectively, have been observed.  Bryde’s whales have a broad, overlapping winter and summer 41 
distribution in the Central Pacific from 5° S to 40° N, and are the most common baleen whales likely to 42 
occur in the Mariana Islands from May to July, and possibly August. 43 


Historical records show a consistent presence of Bryde’s whales in the Mariana Islands.  Bryde’s whales 44 
were sighted in the Mariana Islands during a 1994 survey, in the western Pacific.  These whales are 45 
typically only seen when surface water temperature was > 68°F (20°C) although a preference for water 46 
temperatures between approximately 59° and 68°F (15° and 20°C) has been reported.  A single Bryde’s 47 
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whale washed ashore on Masalok Beach on Tinian in February, 2005.  There was one sighting in July 1 
1999, approximately 5 to 10 nm (9.3 to 18.5 km) west of Farallon de Medinilla.  Additionally, there was a 2 
sighting 105 nm (195 km) southeast of Guam made during December 1996, which was reported to the 3 
NMFS for their Platforms of Opportunity Program.  Occurrence patterns are expected to be the same 4 
throughout the year. 5 


Bryde’s whales were observed at least 18 times during the 3-month Navy survey in 2007.  They were 6 
observed in groups of one to three, with several sightings including calves.  These large baleen whales are 7 
usually sighted individually or in pairs, but there are reports of loose aggregations of up to twenty animals 8 
associated with feeding areas.  Bryde’s whales were sighted in deep waters, ranging from 8,363 to 24,190 9 
ft (2,534 to 7,330 m).  There were several sightings in waters over and near the Mariana Trench.  Most 10 
sightings though were associated with bathymetric relief (e.g., steeply sloping areas and seamounts), 11 
including sightings adjacent to the Chamorro Seamounts east of the Commonwealth of Northern Mariana 12 
Islands and over the West Mariana Ridge.  There were also concentrations in the southeast corner of the 13 
MISTCS study area.  Multi-species aggregations with sei whales were also observed on several occasions.  14 
During marine mammal monitoring for Valiant Shield 07, a single Bryde’s whale was observed about 87 15 
nm (161 km) east of Guam at the edge of the Mariana Trench.  (Naval Facilities Engineering Command 16 
Pacific, 2007) 17 


While 25°N may represent the northernmost extent of Bryde’s whale winter distribution (5°S to 25°N), 18 
they can range from 5°N to 40°N during summer, suggesting that winter and summer ranges overlap.  The 19 
majority of August sightings reported in the Western Pacific for Bryde’s whales are between 20 to 40°N, 20 
although there was no reported sighting effort south of 20°N.  Bryde’s whales are sometimes seen very 21 
close to shore and even inside enclosed bays. 22 


Bryde’s whales produce low frequency tonal and swept calls similar to those of other balaenopterid 23 
whales.  Calls vary regionally, yet all but one of the call types have a fundamental frequency below 60 24 
Hz; they last from 0.25 second to several seconds; and they are produced in extended sequences.  There 25 
appear to be five tone types.  While no data on hearing ability for this species are available, it has been 26 
hypothesized that mysticetes have acute infrasonic hearing. 27 


2.3.2.4 Cuvier’s beaked whale (Ziphius cavirostris) 28 
There are no abundance estimates for the Cuvier’s beaked whale in this area.  The Cuvier’s beaked whale 29 
is designated as “least concern” on the 2009 IUCN Red List.  There was no density estimate for Cuvier’s 30 
beaked whales available from the Mariana Islands, therefore, a density estimate of 0.0052 animals per 0.4 31 
mi2 (km2) (CV = 0.83) that was derived from the offshore Hawaii area was used.  Little is known of 32 
beaked whale reproductive behavior.  Cuvier’s beaked whales usually occur in groups of 2 to 7 33 
individuals (The Pacific WildLife Foundation, 2011). 34 


During marine mammal monitoring for Valiant Shield 07, a single Cuvier’s beaked whale was observed 35 
about 65 nm (120 km) south of Guam at the edge of the Mariana Trench.  These whales are typically 36 
found individually or in small groups from 2 to 12 animals, but groups of up to 25 animals have been 37 
reported.  Lone animals are most likely males.  Little is known about the habitat preferences of any 38 
beaked whale.  Based on current knowledge, beaked whales normally inhabit deep ocean waters >6,600 ft 39 
[2,000 m]) or continental slopes (660 to 6,600 ft [200–2,000 m]).  Cuvier’s beaked whale generally is 40 
sighted in waters > 660 ft (200 m) deep, and is frequently recorded at depths > 3,300 ft (1,000 m).  They 41 
are commonly sighted around seamounts, escarpments, and canyons and occur in deeper waters than 42 
Blainville’s beaked whales in the Bahamas.  In Hawaii, Cuvier’s beaked whales showed a high degree of 43 
site fidelity in a study spanning 21 years and showed that there was an offshore population and an island 44 
associated population. 45 


Recent studies show that Cuvier’s beaked whales dive deeply (maximum of 4,757 ft [1,442 m]) and for 46 
long periods (maximum dive duration of 68.7 minutes) but also spent time at shallow depths.  Deep 47 
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diving for Cuvier’s beaked whales have been recorded with a mean depth of 3,510 ft (1,064 m) and mean 1 
duration of 58 minutes. 2 


It has been suggested that beaked whale species use frequencies of between 300 Hz and 129 kHz for 3 
echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  Cuvier’s 4 
beaked whales’ echolocation clicks were recorded at frequencies from 20 to 70 kHz.  Cuvier’s beaked 5 
whales only echolocated below 660 ft (200 m).  Echolocation clicks are produced in trains (interclick 6 
intervals near 0.4 second) and individual clicks are frequency modulated pulses with durations of 200 to 7 
300 Microseconds (μsec), the center frequency was around 40 kHz with no energy below 20 kHz.  8 
(McDonald, et al., 2009). 9 


In the only hearing study of a beaked whale, it was reported that the Gervais beaked whale (Mesoplodon 10 
europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted above 80 11 
kHz.  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 12 


2.3.2.5 Dwarf Sperm Whale (Kogia sima) 13 
The dwarf sperm whale is not listed as endangered under the ESA and is not a depleted or strategic stock 14 
under the MMPA.  The dwarf sperm whale is designated as “data deficient” on the 2009 IUCN Red List.  15 
There is no information on the population trend of dwarf sperm whales or their abundance in the 16 
Marianas area.  There was no density estimate for dwarf sperm whales available from the Mariana 17 
Islands, therefore, a density estimate of 0.0078 animals per 0.4 mi2 (km2) (CV = 0.66) that was derived 18 
from the Hawaii offshore area was used. 19 


The difficulty in differentiating between the two Kogia species (dwarf sperm whales and pygmy sperm 20 
whales) considered in the MIRC EIS is exacerbated by their avoidance reaction towards ships and change 21 
in behavior towards approaching survey aircraft).  Based on the cryptic behavior of these species and their 22 
small group sizes of 2 to 5 individuals (much like that of beaked whales), as well as similarity in 23 
appearance, it is difficult to identify these species in sightings at sea (The Pacific WildLife Foundation, 24 
2011). 25 


The primary occurrence for dwarf sperm whales is in deep water with a mean depth of 4,674 ft (779 26 
fathoms, 1,416 m) (Baird et al., 2005).  There is a rare occurrence for Kogia inshore of the area of 27 
primary occurrence.  Occurrence is expected to be the same throughout the year.  Dwarf sperm whales 28 
showed a high degree of site fidelity, determined from photo identification over several years, in areas 29 
west of the island of Hawaii.  During marine mammal monitoring for Valiant Shield 07, a group of three 30 
dwarf/pygmy sperm whales were observed about eight nm (15 km) east of Guam. 31 


There are only two stranding records for the dwarf sperm whale in the MIRC area and vicinity.  There is 32 
no information on the breeding behavior within the MIRC.  No breeding or calving areas for the Mariana 33 
Islands have been described.  Dwarf sperm whales feed on cephalopods and, less often, on deep-sea fishes 34 
and shrimps, making dives of up to 25 minutes.  Median dive times of around 11 minutes have been 35 
documented for Kogia. 36 


Although there is no information available on dwarf sperm whale vocalizations or hearing capabilities, 37 
there is data on the closely-related pygmy sperm whale.  Pygmy sperm whale clicks range from 60 to 200 38 
kHz, with a dominant frequency of 120 kHz.  An auditory brainstem response study indicates that pygmy 39 
sperm whales have their best hearing between 90 and 150 kHz, and it would be logical to assume similar 40 
acoustic characteristics in dwarf sperm whales due to similar feeding and diving behavior. 41 


Although little is known about the functional hearing range of Kogia, they are assumed to be most 42 
sensitive to acoustic energy in the high frequency range.  Active sonar outside this area may not result in 43 
responses as strong as those that occur within their best hearing sensitivity. 44 
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2.3.2.6 Fraser’s Dolphin (Lagenodelphis hosei) 1 
This species is designated as “least concern” on the 2009 IUCN Red List.  There are no abundance 2 
estimates available for the Fraser’s dolphin in this area.  There was no density estimate for Fraser’s 3 
dolphins available from the Mariana Islands, therefore, a density estimate of 0.0069 animals per mi2 (km2) 4 
(CV = 1.11) that was derived from the Hawaii offshore area was used. 5 


The Fraser’s dolphin is an oceanic species.  In the Gulf of Mexico, it has been seen in waters over the 6 
abyssal plain.  In some locales, as noted earlier, Fraser’s dolphins do approach closer to shore, particularly 7 
in locations where deep waters are nearby.  In the offshore ETP, this species is distributed mainly in 8 
upwelling-modified waters.  Occurrence patterns are assumed to be the same throughout the year.  9 
Fraser's dolphins are usually found in large tight groups averaging between 10 to 100 individuals, but 10 
have been occasionally seen in larger groups of up to 1,000 or more animals. 11 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 12 
Mariana Islands have been identified (Jefferson and Leatherwood 1994).  Fraser's dolphins feed on mid-13 
water fishes, squids, and shrimps.  There is no information available on depths to which Fraser's dolphins 14 
dive, but they are thought to be capable of deep dives. 15 


Very little is known of the acoustic abilities of the Fraser’s dolphin.  Fraser's dolphin whistles have a 16 
frequency range of 7.6 to 13.4 kHz and recent data extended that range to 6.6 to 23.5 kHz with durations 17 
of 0.06 to 0.93 second.  There are no hearing data for this species. 18 


2.3.2.7 Ginkgo-toothed Beaked Whale (Mesoplodon ginkgodens) 19 
There was no density estimate for ginkgo-toothed beaked whales available from the Mariana Islands, 20 
therefore, a density estimate of 0.0005 animals per mi2 (km2) (CV = 0.45 to 1.00) that was derived from 21 
the Hawaii offshore area was used.  The ginkgo-toothed beaked whale is designated as “data deficient” in 22 
the North Pacific on the 2009 IUCN Red List. 23 


Beaked whales normally inhabit deep ocean waters (> 6,600 ft [2,000 m]) or continental slopes (660 to 24 
6,600 ft [200 to 2,000 m]).  Based on stranding records in the eastern Pacific Ocean, this species may 25 
select relatively cool, upwelling-modified habitats, such as those found in the California and Peru 26 
Currents and along the equatorial front.  Beaked whales may be expected to occur in the area.  Occurrence 27 
patterns are expected to be the same throughout the year.  Very little is known about the distribution of 28 
this species.  What is known of its range suggests any records in the Marianas area and vicinity would be 29 
rare. 30 


The ginkgo-toothed whale is known only from strandings (there are no confirmed live sightings) in 31 
temperate and tropical waters of the Pacific and Indian Oceans.  It is thought that pods of Mesoplodon 32 
species usually consist of up to seven individuals.  There are no occurrence records for this species in the 33 
MIRC Study Area and vicinity, but this area is within the known distribution range for this species. 34 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 35 
Mariana Islands have been described. 36 


Analysis of stomach contents from captured and stranded individuals suggests that beaked whales are 37 
deep-diving animals, feeding by suction.  Another species of beaked whales, the Baird’s beaked whale, 38 
feeds mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as mackerel, 39 
sardine, and saury.  Blainville’s beaked whales off the west coast of Hawaii foraged in deep ocean areas 40 
(2,270 to 9,855 ft [688 to 2,986 m]) with a maximum dive to 4,619 ft (1,400 m).  Dives ranged from at 41 
least 13 minutes (lost dive recorder during the dive) to a maximum of 68 minutes.  A mean depth of 2,740 42 
ft (830 m) and mean duration of 46.5 minutes for Baird’s beaked whales have been reported. 43 
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Nothing is known of the acoustic abilities of the ginkgo-toothed whale but information is available for 1 
other beaked whale species, suggesting that beaked whales use frequencies of between 300 Hz and 129 2 
kHz for echolocation, and between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  3 
Blainville’s beaked whales echolocation clicks were recorded at frequencies from 20 to 40 kHz and 4 
Cuvier’s beaked whales at frequencies from 20 to 70 kHz. 5 


In the only hearing study on beaked whales, it was reported that the Gervais beaked whale (Mesoplodon 6 
europeus) could hear in the range of 5 to 80 kHz although no measurements were attempted above 80 7 
kHz).  The Gervais beaked whale was most sensitive from 40 to 80 kHz. 8 


2.3.2.8 Killer whale (Orcinus orca) 9 
This species is designated as “data deficient” on the 2009 IUCN Red List.  There are no abundance 10 
estimates available for the killer whale within the MIRC Study Area.  Little is known of stock structure of 11 
killer whales in the North Pacific, with the exception of the northeastern Pacific where resident, transient, 12 
and offshore stocks have been described for coastal waters of Alaska, British Columbia, and Washington 13 
to California.  There was no density estimate for killer whales available from the Mariana Islands; 14 
therefore, a density estimate of 0.0002 animals per mi2 (km2) (CV = 0.72) that was derived from the 15 
offshore Hawaii area was used. 16 


Killer whales in general are uncommon in most tropical areas.  The distinctiveness of this species would 17 
lead it to be reported more than any other member of the dolphin family, if it occurs in a certain locale.  18 
Killer whales have been reported in the tropical waters around Guam, Micronesia, and Palau “for years.”  19 
However; a small number of sighting documentation substantiate this claim.  There are a few sightings 20 
(most are unconfirmed) of killer whales off Guam, including a sighting 14.6 nm (27 km) west of Tinian 21 
during January 1997, reported to the NMFS Platforms of Opportunity Program.  There was also a badly 22 
decomposed killer whale found stranded on Guam in August 1981. 23 


Killer whales are highly social animals that occur primarily in relatively stable social groups that often 24 
range in size from 2 to 15 animals.  Larger groups (rarely as large as several hundred individuals) 25 
occasionally form, but are usually considered temporary groupings of smaller social units that probably 26 
congregate near seasonal concentrations of prey, for social interaction, or mating.  There is no information 27 
on the breeding behavior in this area.  No breeding or calving areas for the Mariana Islands have been 28 
described. 29 


The maximum depth recorded for free-ranging killer whales diving off British Columbia is about 864 ft 30 
(262 m).  On average, however, for seven tagged individuals, less than 1 percent of all dives examined 31 
were to depths greater than about 99 ft (30 m).  The longest duration of a recorded dive from a radio-32 
tagged killer whale was 17 minutes. 33 


The killer whale produces a wide variety of clicks and whistles, but most of its sounds are pulsed and at 1 34 
to 6 kHz.  Peak to peak source levels of echolocation signals range between 195 and 224 dB re 1 μPa-m.  35 
The source level of social vocalizations ranges between 137 to 157 dB re 1 μPa-m.  Acoustic studies of 36 
resident killer whales in British Columbia have found that there are dialects, in their highly stereotyped, 37 
repetitive discrete calls, which are group-specific and shared by all group members.  These dialects likely 38 
are used to maintain group identity and cohesion, and may serve as indicators of relatedness that help in 39 
the avoidance of inbreeding between closely related whales.  Dialects also have been documented in killer 40 
whales occurring in northern Norway, and likely occur in other locales as well.  The killer whale has the 41 
lowest frequency of maximum sensitivity and one of the lowest high frequency hearing limits known 42 
among toothed whales.  The upper limit of hearing is 100 kHz for this species.  The most sensitive 43 
frequency, in both behavioral and in auditory brainstem response audiograms, has been determined to be 44 
20 kHz. 45 
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2.3.2.9 Longman’s Beaked Whale (Indopacetus pacificus) 1 
Longman’s beaked whale is considered to be a relatively rare beaked whale species.  This species is listed 2 
as “data deficient” on the 2009 IUCN Red List.  There was no density estimate for Longman’s beaked 3 
whales available from the Mariana Islands, therefore, a density estimate of 0.0003 animals per mi2 (km2) 4 
(CV = 1.05) that was derived from the Hawaii offshore area was used. 5 


Longman’s beaked whale appears to have a preference for warm tropical water, with most sightings 6 
occurring in waters with a sea surface temperature warmer than 79ºF (26ºC).  Beaked whales normally 7 
inhabit deep ocean waters (> 6,600 ft [2,000 m]) or continental slopes (660 to 6,600 ft [200 to 2,000 m]). .  8 
Longman’s beaked whale is known from tropical waters of the Pacific and Indian Oceans.  All 9 
Longman’s beaked whale sightings were reported south of 25ºN.  Longman’s beaked whale is not as rare 10 
as previously thought but is not as common as the Cuvier’s and Mesoplodon beaked whales.  Recent 11 
information shows that Cuvier’s and Mesoplodon beaked whales may not always inhabit deep ocean areas 12 
and may be found over the continental slope. 13 


Longman's beaked whales are usually found in tight groups averaging between 10 to 20 individuals, but 14 
occasionally have been seen in larger groups of up to 100 animals.  There is no information on the 15 
breeding behavior in this area.  No breeding or calving areas for the Mariana Islands have been described. 16 


Analysis of stomach contents from captured and stranded individuals suggests that beaked whales are 17 
deep-diving animals, feeding by suction.  Another species of beaked whale, the Baird’s beaked whale, 18 
feed mainly on benthic fishes and cephalopods, but occasionally on pelagic fish such as mackerel, 19 
sardine, and saury.  Prolonged dives by the Baird’s beaked whales for periods of up to 67 minutes have 20 
been reported, though dives of about 84 to 114 ft (25 to 36 m) are typical, and dives of 45 minutes are not 21 
unusual.  A mean depth of 2,740 ft (830 m) and mean duration of 46.5 minutes has been recorded for 22 
Baird’s beaked whales. 23 


Little is known of the acoustics of Longman’s beaked whale, but information is available for other beaked 24 
whale species.  Beaked whales use frequencies of between 300 Hz and 129 kHz for echolocation, and 25 
between 2 and 10 kHz, and possibly up to 16 kHz, for social communication.  Blainville’s beaked whales 26 
echolocation clicks were recorded at frequencies from 20 to 40 kHz and Cuvier’s beaked whales at 27 
frequencies from 20 to 70 kHz.  (Mesoplodon europeus could hear in the range of 5 to 80 kHz although 28 
no measurements were attempted above 80 kHz.)  The Gervais beaked whale was most sensitive from 40 29 
to 80 kHz. 30 


2.3.2.10 Melon-headed Whale (Peponocephala electra) 31 
There were an estimated 2,455 (CV = 0.70; 95% CI = 695 to 8,677) melon-headed whales in the MISTCS 32 
study area, and density was estimated as 0.00428 animals per mi2 (km2) (CV = 0.70 Naval Facilities 33 
Engineering Command Pacific, 2007)).  Melon-headed whale group size ranged from 80 to 109 34 
individuals.  This species is designated as “Least Concern” on the 2009 IUCN Red List. 35 


The melon-headed whale is an oceanic species.  Occurrence patterns are assumed to be the same 36 
throughout the year.  There were two sightings of melon-headed whales during the Navy’s 2007 survey, 37 
with group sizes of 80 to 109 individuals.  Additionally, there was a live stranding on the beach at 38 
Inarajan Bay, Guam in April 1980, and there have been some sightings at Rota and Guam.  Melon-headed 39 
whales often occur in groups of hundreds to over 1,000 animals.  Melon-headed whales are expected to 40 
occur seaward of the Marianas area and vicinity.  For example, on 4 July 2004, there was a sighting of an 41 
estimated 500 to 700 melon-headed whales and an undetermined smaller number of rough-toothed 42 
dolphins at Sasanhayan Bay (Rota) in waters with a bottom depth of 251 ft (76 m).  Occurrence patterns 43 
are assumed to be the same throughout the year.  (Naval Facilities Engineering Command Pacific, 2007) 44 
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Melon-headed whales were sighted in waters with a bottom depth ranging from 10,577 to 12,910 ft (3,205 1 
to 3,912 m).  One of the two sightings was in the vicinity of the West Mariana Ridge.  Melon-headed 2 
whales have also been observed in waters offshore of Palau. 3 


Breeding behavior is unknown, and it is unclear whether there is significant seasonality in calving.  4 
Melon-headed whales prey on squid, pelagic fishes, and occasionally crustaceans.  Most of the fish and 5 
squid families eaten by this species consist of mesopelagic forms found in waters up to 4,950 ft (1,500 m) 6 
deep, suggesting that feeding takes place deep in the water column.  There is no information on specific 7 
diving depths for melon-headed whales. 8 


The only published acoustic information for melon-headed whales is from the southeastern Caribbean.  9 
Sounds recorded included whistles and click sequences.  Whistles had dominant frequencies around 8 to 10 
12 kHz; source levels for higher-level whistles were estimated at no more than 155 dB re 1 μPa-m.  11 
Clicks had dominant frequencies of 20 to 40 kHz; higher-level click bursts were judged to be about 165 12 
dB re 1 μPa-m.  No data on hearing ability for this species are available. 13 


2.3.2.11 Minke whale (Balaenoptera acutorostrata) 14 
The minke whale is designated as “least concern” on the IUCN Red List.  There are no abundance 15 
estimates for this species in this area.  It has been noted that densities of minke whales throughout the 16 
North Pacific are low; however, frequent acoustic detections suggest that this may be due to their cryptic 17 
nature.  The International Whaling Commission recognizes three stocks of minke whales in the North 18 
Pacific, one of which is in the western Pacific west of 180ºN. 19 


The minke whale was frequently detected acoustically (29 detections) during the MISTCS cruise.  20 
However, since there were no visual sightings, no abundance or density could be calculated for this 21 
species.  A density estimate of 0.0003 animals per mi2 (km2) (CV = 0.71) was derived from the ETP 22 
surveys.  These baleen whales are usually sighted individually or in small groups of 2 to 3, but there are 23 
reports of loose aggregations of up to 400 animals associated with feeding areas in higher latitudes. 24 


Based on whaling catches and surveys worldwide, there is a deep-ocean component to the minke whale’s 25 
distribution.  During August in the North Pacific, minke whales are more common in the Bering and 26 
Chukchi seas and in the Gulf of Alaska. 27 


Minke whales are distributed in polar, temperate, and tropical waters; they are less common in the tropics 28 
than in cooler waters and are present in the North Pacific from near the equator to the Arctic.  In the 29 
winter, minke whales are found south to within 2° of the equator.  There is no obvious migration from 30 
low-latitude, winter breeding grounds to high-latitude, summer feeding locations in the western North 31 
Pacific, as there is in the North Atlantic; however, there are some monthly changes in densities in both 32 
high and low latitudes.  Some coastal minke whales restrict their summer activities to exclusive home 33 
ranges and exhibit site fidelity to these areas between years. 34 


Minke whales were the most frequently acoustically detected species of baleen whale during the Navy’s 35 
2007 survey and were mostly found in the southwestern area of the MIRC near the Mariana Trench.  It is 36 
not unusual to have acoustic sightings with no visual confirmation due to the cryptic behavior of this 37 
species in tropical waters.  Minke whale vocalizations in the Pacific Islands have only been reported 38 
during the winter months; however, it is not known if this is indicative of a seasonal migration.  (Naval 39 
Facilities Engineering Command Pacific, 2007) 40 


It has been suggested that mating occurs in winter or early spring, although it has never been observed.  A 41 
general surfacing pattern of minke whales was observed to consist of about four surfacings, interspersed 42 
by short-duration dives averaging 38 seconds.  After the fourth surfacing, there was a longer duration dive 43 
ranging from approximately 2 to 6 minutes.  Minke whales are “lunge feeders” like the other 44 
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balaenopterid whales, although different feeding strategies used by minke whales have been reported.  In 1 
the North Pacific, major food items include krill, Japanese anchovy, Pacific saury, and walleye pollock. 2 


Recordings in the presence of minke whales have included both high-and low-frequency sounds.  Two 3 
basic forms of pulse trains were attributed to minke whales: a “speed up” pulse train with energy in the 4 
200 to 400 Hz band, with individual pulses lasting 40 to 60 milliseconds, and a less common “slow-5 
down” pulse train characterized by a decelerating series of pulses with energy in the 250 to 350 Hz band.  6 
Recorded vocalizations from minke whales have dominant frequencies of 60 Hz to >12,000 Hz, 7 
depending on vocalization type.  8 


Recorded source levels, depending on vocalization type, range from 151 to 175 dB re 1 μPa-m.  A 9 
complex and stereotyped sound sequence (“star-wars vocalization”) in the Southern Hemisphere that 10 
spanned a frequency range of 50 Hz to 9.4 kHz has been reported.  Broadband source levels between 150 11 
and 165 dB re 1 μPa-m were calculated.  “Boings,” recently confirmed to be produced by minke whales 12 
and suggested to be a breeding call, consist of a brief pulse at 1.3 kHz, followed by an amplitude 13 
modulated call with greatest energy at 1.4 kHz, with slight frequency modulation over a duration of 2.5 14 
seconds.  While no data on hearing ability for this species are available, mysticetes may have acute 15 
infrasonic hearing. 16 


2.3.2.12 Pacific white-sided dolphin (Lagenorhynchos obliquidens) 17 
Pacific white-sided dolphins are classified as “Low Risk-Least Concern” under the IUCN Red List.  18 
Pacific white-sided dolphins have a robust body, a very short beak, and an unusually large, curved dorsal 19 
fin.  They are sometimes referred to as the “hookfin porpoise,” even though they are not porpoises.  They 20 
have black back, fluke (tail), and lips, with gray sides, dorsal fin, and flippers.  Their belly is white.  On 21 
both sides of the dorsal fin, a white or light gray stripe, which resembles a pair of suspenders, extends 22 
from the eyes to the tail.  Pacific white-sided dolphins can sometimes be confused with Dall’s porpoise, 23 
which shares a similar distribution pattern.  They are the only members of the genus Lagenorhynchus in 24 
the North Pacific Ocean.  (National Oceanic and Atmospheric Administration Fisheries, Office of 25 
Protected Resources, 2012b) 26 


The average adult Pacific white-sided dolphin weighs about 300 to 400 lb (135 to180 kg) and is between 27 
5.5 to 8.0 feet (1.7 to 2.5 m) long.  Males generally are larger than females.  This species of dolphin can 28 
live for more than 40 years.  (National Oceanic and Atmospheric Administration Fisheries, Office of 29 
Protected Resources, 2012b) 30 


Pacific whitesided dolphins are found in the temperate Northern Pacific Ocean north of the coasts of 31 
Japan and Baja California, Mexico, and across the North Pacific between the latitudes of 38°N and 47°N.  32 
They inhabit waters from the continental shelf to the deep open ocean.  They range from the open ocean 33 
to nearshore waters.  The distribution and abundance of Pacific white-sided dolphins may be affected by 34 
large-scale oceanographic occurrences, such as El Niño and by underwater acoustic deterrent devices.  35 
(National Marine Fisheries Service, 2013; National Oceanic and Atmospheric Administration Fisheries, 36 
Office of Protected Resources, 2012b)  37 


Pacific white-sided dolphins are extremely playful and highly social animals.  Schools of thousands of 38 
Pacific white-sided dolphins are occasionally observed, but group size generally ranges from 10 to 100 39 
animals.  They are often observed “bow riding” and doing acrobatic somersaults.  This species commonly 40 
associates with other cetaceans, such as the Northern right whale dolphin and Risso's dolphin.  (National 41 
Oceanic and Atmospheric Administration Fisheries, Office of Protected Resources, 2012b) 42 


They prey on squid and small schooling fish such as capelin, sardines, and herring.  This species is 43 
capable of diving more than 6 minutes to feed.  They have small conical teeth that are helpful in grasping 44 
their prey.  When feeding during the day, they can be seen working together as a group to herd schools of 45 
fish.  Pacific white-sided dolphins reach sexual maturity around 7 to 10 years of age around lengths of 5.5 46 
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to 6 ft (1.7 to 1.8 m).  Gestation lasts for 12 months, with calves being born in the summer months.  1 
Calves weigh approximately 30 lb (15 kg) and are about 2.5 to 4 ft (1 to 1.2 m) in length.  Females give 2 
birth less than every other year.  (National Oceanic and Atmospheric Administration Fisheries, Office of 3 
Protected Resources, 2012b) 4 


There are two stocks of Pacific white-sided dolphins in U.S. waters: California/Oregon/Washington and 5 
North Pacific stocks.  The estimated population range-wide for the species is more than 900,000 animals.  6 
The current estimated population size for the California/Oregon/Washington stock of Pacific white-sided 7 
dolphins is 59,000 animals.  The current population size for the North Pacific stock is 27,000 animals.  8 
(National Oceanic and Atmospheric Administration Fisheries, Office of Protected Resources, 2012b) 9 


A primary threat to Pacific white-sided dolphins is incidental catch in fisheries such as in gillnets and 10 
trawls.  It was estimated that 49,000 to 89,000 animals were incidentally “taken” between 1978 to 1990 in 11 
gillnets and driftnets targeting squid by Japan, Korea, and Taiwan.  They are sometimes killed by 12 
harpooning and drive fisheries in Japan.  (National Oceanic and Atmospheric Administration Fisheries, 13 
Office of Protected Resources, 2012b) 14 


2.3.2.13 Pantropical spotted dolphin (Stenella attenuata) 15 
There were an estimated 12,981 (CV = 0.70; 95% CI = 3,446 to 48,890) pantropical spotted dolphins in 16 
the MISTCS study area, and density was estimated as 0.0226 animals per mi2 (km2) (CV = 0.70).  17 
Pantropical spotted dolphin group size ranged from 1 to 115 individuals.  There were multiple sightings 18 
that included young calves, and one mixed species aggregation with melon-headed whales and another 19 
with an unidentified Balaenoptera species (spp.).  These pantropical spotted dolphins were identified as 20 
the offshore morphotype. 21 


Pantropical spotted dolphins may have several stocks in the western Pacific, although this is not 22 
confirmed at present.  There were an estimated 127,800 spotted dolphins in the waters surrounding the 23 
Mariana Islands.  This species is designated as “least concern” on the 2009 IUCN Red List.  Three 24 
subspecies are recognized in the Pacific Ocean, two of which have not been formally named.  Stenella 25 
attenuata (S. a.). subspecies A occurs in the offshore waters of the ETP, S. a. subspecies B inhabits 26 
nearshore waters around the Hawaiian Islands, and S. a. graffmani occurs in coastal waters between Baja 27 
California and the northwestern coast of South America. 28 


The pantropical spotted dolphin can be found throughout tropical and some subtropical oceans of the 29 
world.  Pantropical spotted dolphins are associated with warm tropical surface water.  Pantropical spotted 30 
dolphins usually occur in deeper waters.  They are extremely gregarious, forming groups of hundreds or 31 
even thousands of individuals.  Range in the central Pacific is from the Hawaiian Islands in the north to at 32 
least the Marquesas in the south.  The pantropical spotted dolphin is primarily an oceanic species 33 
(Jefferson et al., 1993).  Pantropical spotted dolphins have been reported in coastal waters of Guam. 34 


Pantropical spotted dolphins were sighted throughout the MIRC Study Area in waters with a variable 35 
bottom depth, ranging from 374 to 18,609 ft (113 to 5,639 m).  The vast majority of the sightings (65 36 
percent; 11 of 17 sightings) were in deep waters (>10,000 ft [3,030 m]); these findings match the known 37 
preference of this species for oceanic waters.  There was only one shallow-water sighting 1.4 nm (2.5 km) 38 
north of Tinian during the humpback whale focal study, in waters with a bottom depth of 374 ft (113 m).  39 
During marine mammal monitoring for Valiant Shield 07, a group of 30 pantropical spotted dolphins was 40 
observed about 140 nm (255 km) south east of Guam.  41 


In the ETP there are two calving peaks, one in spring and one in fall.  Results from various tracking and 42 
food habit studies suggest that pantropical spotted dolphins in the ETP and off Hawaii feed primarily at 43 
night on epipelagic species and on mesopelagic species which rise towards the water’s surface after dark.  44 
Dives during the day generally are shorter and shallower than dives at night; rates of descent and ascent 45 
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are higher at night than during the day.  Similar mean dive durations and depths have been obtained for 1 
tagged pantropical spotted dolphins in the ETP and off Hawaii. 2 


Pantropical spotted dolphin whistles have a dominant frequency range of 6.7 to 17.8 kHz.  Click source 3 
levels between 197 and 220 dB re 1 μPa-m (peak to peak levels), within the range of 40 to 140 kHz, have 4 
been recorded for pantropical spotted dolphins.  Data from Atlantic spotted dolphins are provided to fill in 5 
the gaps of acoustic information for pantropical spotted dolphins.  Echolocation clicks measured in wild 6 
Atlantic spotted dolphins showed bimodal ranges of 40 and 50 kHz and a high-frequency peak between 7 
110 and 130 kHz, with a source level of 210 dB re 1 μPa. 8 


There are no published hearing data for pantropical spotted dolphins.  Anatomy of the ear of the 9 
pantropical spotted dolphin has been studied; they have a Type II cochlea, like other delphinids. 10 


2.3.2.14 Pygmy killer whale (Feresa attenuata) 11 
There was only one sighting of the pygmy killer whale with a group size of six animals.  Based on this 12 
one sighting, the best estimate of abundance was 78 individuals (CV = 0.88; 95% CI = 17 to 353) and 13 
density was estimated as 0.00014 animals per mi2 (km2) (CV = 0.88).  This species is designated as “data 14 
deficient” on the 2009 IUCN Red List. 15 


The pygmy killer whale is an oceanic species.  This species has a worldwide distribution in deep tropical 16 
and subtropical oceans.  Pygmy killer whales generally do not range north of 40°N or south of 35°S.  17 
Reported sightings suggest that this species primarily occurs in equatorial waters, at least in the ETP.  18 
Most of the records outside the tropics are associated with strong, warm western boundary currents that 19 
effectively extend tropical conditions into higher latitudes. 20 


Pygmy killer whales usually occur in groups of 50 or less.  The sighting was made near the Mariana 21 
Trench, south of Guam, where the bottom depth was 14,564 ft (4,413 m).  This is consistent with the 22 
known habitat preferences of the species for deep, oceanic waters.  Pygmy killer whales have also been 23 
observed in the waters offshore of Palau. 24 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 25 
Mariana Islands have been described.  There is no information on the diving behavior of pygmy killer 26 
whales. 27 


The pygmy killer whale produces clicks in the range of 45 to 117 kHz, with the main energy in the range 28 
of 70 to 85 kHz.  Peak to peak source levels were 197 to 223 dB re 1 μPa m.  There is no information on 29 
the hearing of pygmy killer whales. 30 


2.3.2.15 Pygmy sperm whale (Kogia breviceps) 31 
Pygmy sperm whales are designated as “data deficient” on the 2009 IUCN Red List.  There are no 32 
abundance estimates available for the Kogiidae family within the MIRC.  There was no density estimate 33 
for pygmy sperm whales available from the Mariana Islands; therefore, a density estimate of 0.0078 34 
animals per mi2 (km2) (CV = 0.77) that was derived from the Hawaii offshore area was used (Barlow, 35 
2006). 36 


Pygmy sperm whales have a worldwide distribution in tropical and temperate waters, and generally occur 37 
in deep waters.  There is only one stranding record available for Kogia in the MIRC Study Area and 38 
vicinity.  Identification to species for this genus is difficult, particularly at sea.  There is a rare occurrence 39 
for Kogia inshore of the area of primary occurrence.  Occurrence is expected to be the same throughout 40 
the year.  During marine mammal monitoring for Valiant Shield 07, a group of three dwarf/pygmy sperm 41 
whales were observed about 8 nm (15 km) east of Guam.  This species is frequently seen at the surface 42 
either alone or in small groups of up to 6 to 7 animals.  Pygmy sperm whales are rarely active or aerial at 43 
the surface, and it is very uncommon for them to approach boats. 44 
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In the ETP there are two calving peaks, one in spring and one in fall.  Pygmy sperm whales feed on 1 
cephalopods and, less often, on deep-sea fishes and shrimps.  Kogia make dives of up to 25 minutes with 2 
median dive times of around 11 minutes.  A satellite-tagged pygmy sperm whale released off Florida was 3 
found to make long nighttime dives, presumably indicating foraging on squid in the deep scattering layer.  4 
Most sightings of Kogia are brief; these whales are often difficult to approach, and they actively avoid 5 
aircraft and vessels. 6 


Pygmy sperm whale clicks range from 60 to 200 kHz, with a dominant frequency of 120 kHz.  An 7 
auditory brainstem response study indicates that pygmy sperm whales have their best hearing between 90 8 
and 150 kHz. 9 


2.3.2.16 Risso’s dolphin (Grampus griseus) 10 
This species is designated as “least concern” on the 2009 IUCN Red List.  Essentially nothing is known 11 
of stock structure of Risso’s dolphins in the western Pacific.  Assuming that several stocks may occur 12 
there, Japanese survey data was used to estimate that about 7,000 Risso’s dolphins occur in the area to the 13 
north of the Mariana Islands.  There was no density estimate for Risso’s dolphins available from the 14 
Mariana Islands; therefore, a density estimate of 0.0010 animals per mi2 (km2) (CV = 0.65) that was 15 
derived from the Hawaii offshore area was used for acoustic effects modeling. 16 


Risso’s dolphins are expected to occur in the Marianas area and vicinity.  While there is a predominance 17 
of Risso’s dolphin sightings worldwide in areas with steep bottom topography, this species is also found 18 
in deeper waters.  This takes into consideration the possibility that this species, with a preference for 19 
waters with steep bottom topography, might swim into areas where deep water is close to shore.  Risso’s 20 
dolphins have been observed in shallow waters in the northeastern Pacific, including near oceanic islands.   21 
Occurrence patterns are assumed to be the same throughout the year.  22 


Risso’s dolphins occur individually or in small to moderate-sized groups, normally ranging in numbers 23 
from 2 to nearly 250, but groups typically average between 10 to 30 animals.  There is no information on 24 
the breeding behavior in this area.  No breeding or calving areas for the Mariana Islands have been 25 
described.  Risso’s dolphins may remain submerged on dives for up to 30 minutes.  Cephalopods are the 26 
primary prey. 27 


Risso’s dolphin vocalizations include broadband clicks, barks, buzzes, grunts, chirps, whistles, and 28 
simultaneous whistle and burst-pulse sounds.  The combined whistle and burst pulse sound appears to be 29 
unique to Risso’s dolphin.  Five different whistle types have been recorded, ranging in frequency from 4 30 
to 22 kHz.  Broadband clicks had a frequency range of 6 to >22 kHz.  Low-frequency narrowband grunt 31 
vocalizations had a frequency range of 0.4 to 0.8 kHz.  A recent study established empirically that Risso’s 32 
dolphins echolocate; estimated source levels were up to 216 to 225 dB re 1 μPa-m (peak to peak levels) 33 
with two prominent peaks in the range of 30 to 50 kHz and 80 to 100 kHz. 34 


The range of hearing in two Risso’s dolphins (one infant and one adult) was 1.6 to 150 kHz with 35 
maximum sensitivity occurring between 8 and 64 kHz. 36 


2.3.2.17 Rough-toothed dolphin (Steno bredanensis) 37 
There were only two sightings of the rough-toothed dolphin made during the MISTCS cruise.  There were 38 
an estimated 166 (CV = 0.89; 95% CI = 36 to 761) rough toothed dolphins in the MISTCS study area, and 39 
density was estimated as 0.0029 animals per mi2 (km2) (CV = 0.89).  Rough-toothed dolphin group size 40 
was nine individuals.  A mixed-species aggregation involved common bottlenose dolphins with short 41 
finned pilot whales and rough-toothed dolphins.  One sighting of rough-toothed dolphin included calves. 42 


The rough-toothed dolphin is designated as “least concern” on the 2009 IUCN Red List.  There are no 43 
abundance estimates for this species in this area.  Rough-toothed-dolphins are common in tropical areas, 44 
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but are not nearly as abundant as some other dolphin species.  Nothing is known about stock structure for 1 
the rough-toothed dolphin in the North Pacific. 2 


Rough-toothed dolphins are typically found in tropical and warm temperate waters, rarely ranging north 3 
of 40°N or south of 35°S.  Occurrence patterns are expected to be the same throughout the year.  Rough-4 
toothed dolphins occur in low densities throughout the ETP where surface water temperatures are 5 
generally above 77°F (25°C).  Sighting and stranding records in the eastern North Pacific Ocean are rare. 6 


For the two sightings of rough-toothed dolphins during the MISTCS survey, both were in groups of nine 7 
individuals with calves present in one sighting.  Rough-toothed dolphins usually occur in tight-knit 8 
groups of 10 to 20.  As an oceanic species, the rough-tooth dolphin is expected to occur from the shelf 9 
break to seaward in this area.  There also is a low or unknown occurrence of rough-toothed dolphins in 10 
more shallow waters, based on distribution patterns for this species in other tropical locales.  In July 2004, 11 
there was a sighting of an undetermined smaller number of rough-toothed dolphins mixed in with a 12 
school of an estimated 500 to 700 melon-headed whales at Sasanhayan Bay (Rota) in waters with a 13 
bottom depth of 249 ft (75.9 m). 14 


During marine mammal monitoring for Valiant Shield 07, a group of eight rough-toothed dolphins was 15 
observed about 102 nm (188 km) east of Guam.  Rough-toothed dolphins usually form groups of 10 to 20, 16 
but aggregations of hundreds can be found.  In the ETP, they have been found in mixed groups with 17 
spotted, spinner, and bottlenose dolphins suggesting that they are deep divers, and can dive for up to 15 18 
minutes.  They usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-toothed 19 
dolphins were sighted in deep waters, ranging from 3,343 to 14,731 ft (1,013 to 4,464 m) in bottom depth.  20 
One sighting was off the island of Guguan, while the other was at the southern edge of the MIRC Study 21 
Area. 22 


There is no information on the breeding behavior in this area.  No breeding or calving areas for the 23 
Mariana Islands have been described.  Rough-toothed dolphins are deep divers and can stay under for up 24 
to 15 minutes.  They usually inhabit deep waters, where they prey on fish and cephalopods.  Rough-25 
toothed dolphins may stay submerged for up to 15 minutes and are known to dive as deep as 230 ft (70 26 
m), but can probably dive much deeper. 27 


The vocal repertoire of the rough-toothed dolphin includes broad-band clicks, barks, and whistles.  28 
Echolocation clicks of rough-toothed dolphins are in the frequency range of 0.1 to 200 kHz, with a peak 29 
of about 25 kHz.  Whistles show a wide frequency range: 0.3 to >24 kHz.  There is little published 30 
information on hearing ability of this species.  Preliminary data from 2005 showed that rough-tooth 31 
dolphins hear from 5 to 80 kHz (80 kHz was the upper limit tested) and probably higher frequencies. 32 


2.3.2.18 Short-beaked common dolphin (Delphinus delphis) 33 
There are no abundance estimates for the short-beaked common dolphin within the MIRC.  This species 34 
is designated as “least concern” on the 2009 IUCN Red List.  There was no density estimate for short-35 
beaked common dolphins available from the Mariana Islands, therefore, a density estimate of 0.0021 36 
animals per mi2 (km2) (CV = 0.28) that was derived from the ETP area was used for acoustic effects 37 
modeling. 38 


Delphinus is a widely distributed genus of cetacean.  It is found worldwide in temperate, tropical, and 39 
subtropical seas.  The range of the short-beaked common dolphin may extend entirely across the tropical 40 
and temperate North Pacific.  There is a low or unknown occurrence of the short-beaked common dolphin 41 
seaward of the Marianas area and vicinity.  Short-beaked common dolphins are usually found in large 42 
social groups averaging hundreds of individuals, but have occasionally been seen in larger of up to 43 
10,000.  Short-beaked common dolphins are thought to be more common in cool temperate waters of the 44 
North Pacific, although there are populations in cooler, upwelling modified waters of the ETP.  The 45 
absence of known areas of major upwelling in the western tropical Pacific suggests that common dolphins 46 
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will not be found there, although there have been some reports of sightings of this species.  However, the 1 
species identification of these records is not confirmed, and therefore is in doubt.  Occurrence patterns are 2 
assumed to be the same throughout the year. 3 


The peak calving season occurs from spring and early summer.  There are limited direct measurements 4 
for the short-beaked common dolphin dives, but dives to > 660 ft (200 m) are possible, while most are in 5 
the range of 30 to 165 ft (9 to 50 m) based on a study of one tagged individual tracked off San Diego.  6 
Stomach contents of Delphinus from California waters revealed 19 species of fish and 2 species of 7 
cephalopods; Delphinus feeds primarily on organisms in the vertically migrating deep scattering layer.  8 
Fluctuations in vocal activity of this species (more vocal activity during late evening and early morning) 9 
appear to be linked to feeding on the deep scattering layer as it rises during the same time. 10 


Recorded Delphinus vocalizations (which are similar among species within this genus) include whistles, 11 
chirps, barks, and clicks.  Clicks and whistles have dominant frequency ranges of 23 to 67 kHz and 0.5 to 12 
18 kHz, respectively, with maximum source levels at approximately 180 dB 1 μPa-m.  Short-beaked 13 
common dolphins in the ETP have whistles with a mean frequency range of 6.3 kHz, mean maximum 14 
frequency of 13.6 kHz, and mean duration of 0.8 second. 15 


Auditory brainstem responses from a common dolphin have been recorded.  The audiogram was U-16 
shaped with a steeper high-frequency branch.  The audiogram bandwidth was up to 128 kHz at a level of 17 
100 dB above the minimum threshold.  The minimum thresholds were observed at frequencies of 60 to 70 18 
kHz. 19 


2.3.2.19 Short-finned pilot whale (Globicephala macrorhynchus) 20 
There were an estimated 909 (CV = 0.68; 95% CI = 230 to 3,590) short-finned pilot whales in the 21 
MISTCS study area, and density was estimated as 0.00159 animals per mi2 (km2) (CV = 0.68). 22 


This species is designated as “data deficient” on the 2009 IUCN Red List.  There are no abundance 23 
estimates for the short-finned pilot whale in this area.  Stock structure of short-finned pilot whales has not 24 
been adequately studied in the North Pacific, except in Japanese waters, where two stocks have been 25 
identified based on pigmentation patterns and head shape differences of adult males.  The southern stock 26 
of short-finned pilot whales, which is probably the one associated with the Mariana Islands area, has been 27 
estimated to number about 18,700 whales in the area south of 30°N latitude. 28 


Sightings in the vicinity of the Northern Mariana Islands were reported during February through March 29 
1994, but did not provide the actual sighting coordinates.  Short-finned pilot whales often occur in groups 30 
of 25 to 50 animals.  A group of more than 30 individuals was sighted in late April 1977 near Urunao 31 
Point, off the northwest coast of Guam.  A stranding occurred on Guam in July 1980.  32 


Expected occurrence of the short-finned pilot whale in the MIRC and vicinity is seaward of the 330 ft 33 
(100 m) isobath.  The known preference of this species globally for steep bottom topography, which is 34 
most probably related to distribution of squid, was considered.  Occurrence patterns are assumed to be the 35 
same throughout the year. 36 


Short-finned pilot whale group size ranged from 5 to 43 individuals.  A mixed-species aggregation 37 
involved bottlenose dolphins with short-finned pilot whales and rough-toothed dolphins.  No calves were 38 
seen.  Short-finned pilot whales were sighted in waters with a bottom depth, ranging from 3,041 to 14,731 39 
ft (922 to 4,464 m) in bottom depth.  Three sightings were over the West Mariana Ridge (an area of 40 
seamounts), another sighting was 7 nm (13 km) off the northeast corner of Guam, just inshore of the 41 
9,900 ft (3,000 m) isobath.  There was also an off-effort sighting of a group of 6 to 10 pilot whales near 42 
the mouth of Apra Harbor. 43 







 


 


USAF MMIII ERFT Biological Assessment, April 2013 
2-27 


Calving and breeding peaks occurs in the spring and summer or spring and autumn depending on the 1 
population.  Long-finned pilot whales are deep divers; the maximum dive depth measured is 2 
approximately 2,125 ft (648 m).  Pilot whales feed primarily on squid, but also take octopus, cuttlefish, 3 
herring, and other small fish when squid are not available.  Pilot whales are not generally known to prey 4 
on other marine mammals; however, records from the ETP suggest that the short-finned pilot whale does 5 
occasionally chase, attack, and may eat dolphins during fishery operations, and they have been observed 6 
harassing sperm whales in the Gulf of Mexico. 7 


Short-finned pilot whale whistles and clicks have a dominant frequency range of 2 to 14 kHz and a source 8 
level of 180 dB re 1 μPa-m for whistles.  There are no published hearing data available for this species. 9 


2.3.2.20 Spinner dolphin (Stenella longirostris) 10 
During the MISTCS there was only one sighting of spinner dolphins with a group size of 98 animals.  11 
There were an estimated 1,803 (CV = 0.96; 95% CI = 361 to 9,004) spinner dolphins in the MISTCS 12 
study area, and density was estimated as 0.00314 animals per mi2 (km2) (CV = 0.96).  There is some 13 
anecdotal information from commercial boat operators of spinner dolphins regularly using Agat Bay, but 14 
there is no systematic survey information to estimate abundance or density.  This species is designated as 15 
“data deficient” on the 2009 IUCN Red List. 16 


The spinner dolphin is found in tropical and subtropical waters worldwide.  Limits are near 40°N and 17 
40°S.  Spinner dolphins often occur in groups of several hundred to several thousand animals.  The 18 
spinner dolphin is expected to occur throughout the entire Marianas area and vicinity, except within Apra 19 
Harbor, where there is a low or unknown occurrence for this species.  Spinner dolphins are behaviorally 20 
sensitive and avoid areas with much anthropogenic usage, which is why this species is not expected to 21 
occur in Apra Harbor.  Spinner dolphins occur regularly in Agat Bay, off Haputo Beach, and in Cocos 22 
Lagoons on Guam, where these animals congregate during the day to rest.  In the Mariana Islands, 23 
dolphins are reported in Saipan Lagoon at Saipan nearly every year, and they were observed off Saipan 24 
during the MISTCs survey in 1,406 ft (426 m) of water.  Typically, sightings are from the northern part of 25 
the lagoon, referred to as Tanapag Lagoon.  Spinner dolphins travel among the Mariana island chain.  26 
Spinner dolphins are seen at Farallon de Medinilla, Guam, at Rota, and at Palau. 27 


Spinner dolphins at islands and atolls rest during daytime hours in shallow, wind-sheltered nearshore 28 
waters and forage over deep waters at night.  Spinner dolphins are expected to occur in shallow water 29 
(about 162 ft [49 m] or less) resting areas throughout the middle of the day, moving into deep waters 30 
offshore during the night to feed.  Preferred resting habitat is usually more sheltered from prevailing 31 
tradewinds than adjacent areas, and the bottom substrate is generally dominated by large stretches of 32 
white sand bottom rather than the prevailing reef and rock bottom along most other parts of the coast.  33 
These clear, calm waters and light bottom substrates provide a less cryptic backdrop for predators like 34 
tiger sharks.  High-use areas at Guam include Bile Bay, Tumon Bay, Double Reef, north Agat Bay, and 35 
off Merizo (Cocos Lagoon area).  During the MISTCS cruise, spinner dolphins were sighted northeast of 36 
Saipan in waters with a bottom depth of 1,398 ft (424 m).  Beaches currently authorized for amphibious 37 
landings include Tipalao and Dadi beaches on Guam.  Both beaches are adjacent to known spinner 38 
dolphin resting habitat. 39 


There is no information on the breeding behavior in this area.  Spinner dolphins feed primarily on small 40 
mesopelagic fishes, squids, and sergestid shrimp, and they dive to at least 656 to 984 ft (109 to 164 41 
fathoms, 200 to 300 m).  Foraging can begin in the late afternoon, but takes place primarily at night when 42 
the mesopelagic prey migrates vertically towards the surface and also horizontally towards the shore. 43 


Spinner dolphins produce whistles in the range of 1 to 22.5 kHz with the dominant frequency being 6.8 to 44 
17.9 kHz, although their full range of hearing may extend down to 1 kHz or below as reported for other 45 
small odontocetes.  Spinner dolphins consistently produce whistles with frequencies as high as 16.9 to 46 
17.9 kHz, with a maximum frequency for the fundamental component at 24.9 kHz.  Clicks have a 47 
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dominant frequency of 60 kHz.  The burst pulses are predominantly ultrasonic, often with little or no 1 
energy below 20 kHz.  Peak to peak source levels between 195 and 222 dB re 1 μPa-m have been 2 
recorded for spinner dolphin clicks.  Their echolocation clicks range up to at least 65 kHz.  3 


2.3.2.21 Striped dolphin (Stenella coeruleoalba) 4 
There were an estimated 3,531 (CV = 0.54; 95% CI = 1,250 to 9,977) striped dolphins in the MISTCS 5 
study area, and density was estimated as 0.00616 animals per mi2 (km2) (CV = 0.54).  Striped dolphin 6 
group size ranged from 7 to 44 individuals and several sightings contained calves.  This species is 7 
designated as “least concern” on the 2009 IUCN Red List.  The stock structure of striped dolphins in the 8 
western Pacific is poorly known, although there is evidence for more than one stock.  A putative 9 
population south of 30°N in the western Pacific was estimated to number about 52,600 dolphins, and this 10 
is probably the group from which any striped dolphins around the Marianas would come. 11 


Striped dolphins have a cosmopolitan distribution in tropical to warm temperate waters.  Their preferred 12 
habitat seems to be deep water, particularly in areas influenced by warm currents.  This species is well 13 
documented in both the western and eastern Pacific off the coasts of Japan and North America; the 14 
northern limits are the Sea of Japan, Hokkaido, Washington state, and along roughly 40°N across the 15 
western and central Pacific. 16 


Prior to the MISTCs survey, striped dolphins were only known from one stranding that occurred in July 17 
1985.  However, several striped dolphin sightings were made in waters ranging from 8,686 to 24,981 ft 18 
(2,362 to 7,570 m) of water.  Group size ranged from 7 to 44 individuals.  None were observed south of 19 
Guam. 20 


Striped dolphins are gregarious and active at the surface.  Striped dolphins are usually found in tight, 21 
cohesive groups averaging between 25 and 100 individuals, but have been occasionally seen in larger 22 
groups of up to several hundred and even thousands of animals.  A mean group size of 61 was noted in 23 
the ETP, and a mean group size of 50 in the Galapagos.  Striped dolphins were sighted throughout the 24 
MIRC Study Area in waters with a variable bottom depth, ranging from 7,749 to 24,835 ft (2,348 to 7,526 25 
m) in bottom depth.  There was at least one sighting over the Mariana Trench, southeast of Saipan.  There 26 
were no sightings south of Guam (approximately 13°N).  27 


Off Japan, where their biology has been best studied, there are two calving peaks: one in summer, another 28 
in winter.  Striped dolphins often feed in pelagic or benthopelagic zones along the continental slope or 29 
just beyond oceanic waters.  A majority of the prey possess luminescent organs, suggesting that striped 30 
dolphins may be feeding at great depths, possibly diving to about 656 to 2,297 ft (200 to 700 m) to reach 31 
potential prey.  Striped dolphins may feed at night, in order to take advantage of the deep scattering 32 
layer’s diurnal vertical movements.  Small, mid-water fishes (in particular, myctophids or lanternfish) and 33 
squids are the dominant prey. 34 


Striped dolphin whistles range from 6 to at least 24 kHz, with dominant frequencies ranging from 8 to 35 
12.5 kHz.  The striped dolphin’s range of most sensitive hearing (defined as the frequency range with 36 
sensitivities within 10 dB of maximum sensitivity) was determined to be 29 to 123 kHz using standard 37 
psychoacoustic techniques; maximum sensitivity occurred at 64 kHz. 38 


39 
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3.0 EFFECTS OF THE ACTIONS 1 


This section examines the ways in which the MMIII ERFT flight tests may directly, indirectly, or 2 
cumulatively affect species requiring consultation that occur in the Action Area.  The potential direct and 3 
indirect effects of the MMIII ERFT flight tests on the aforementioned species and their habitats in each of 4 
the portions of the Action Area are analyzed.  Since marine species are the same or similar in all proposed 5 
impact areas, the discussion will be combined under one Action Area.  Species found in individual 6 
locations will be included as applicable. 7 


Criteria for assessing potential impacts on marine biological resources are based on the potential for loss 8 
of habitat (destruction, degradation); excessive take (accidental or intentional death, injury); harassment; 9 
increases in exposure or susceptibility to disease and predation; and decrease in breeding success.  10 
Collision with missile debris, or vessels; release of contaminants from missile constituents; sound; or 11 
human contact could potentially cause impacts.  Impacts are considered substantial if they have the 12 
potential to result in the reduction of population size of U.S. Federally listed threatened or endangered 13 
species, degradation of biologically important unique habitat, or reduction in capacity of a habitat to 14 
support species.  Potential non-acoustic effects include physical impact by falling debris, entanglement in 15 
debris, and contact with or ingestion of debris or hazardous materials. 16 


This BA addresses the proposed action in compliance with Section 7(c) of the ESA of 1973, as amended.  17 
Section 7 of the ESA assures that, through consultation (or conferencing for proposed species) with the 18 
NMFS and/or the USFWS, federal actions do not jeopardize the continued existence of any threatened, 19 
endangered or proposed species, or result in the destruction or adverse modification of critical habitat. 20 


3.1 Direct and Indirect Environmental Consequences 21 


In this section, the direct and indirect environmental consequences (effects) of the MMIII ERFT flight 22 
tests are evaluated for fish, sea turtles, and cetaceans.  Five general types of potential effects on species as 23 
a result of the MMIII ERFT are discussed in the subsections below: 1) elevated noise levels, 2) direct 24 
contact from falling missile components, 3) exposure to hazardous materials, 4) disturbance from human 25 
activity and equipment operation, and 5) collision with vessels. 26 


Following the analysis of effects for each group of species, an effect determination is provided, as defined 27 
under the ESA.  The effects determinations are no effect; may affect but not likely to adversely affect; or 28 
may affect and likely to adversely affect.  The effect determination depends on the likelihood of MMIII 29 
ERFT exposing individual marine species to action related stressors and on the significance of the effects 30 
that exposure is expected to have on those individuals.  Only two extended range test flights are 31 
anticipated through 2014.  An organism’s potential to recover from injury, takes, or effects is a function 32 
of factors such as existing health and fitness, environmental extremes, habitat conditions, and food 33 
availability.  Baseline conditions for the species evaluated in this BA are taken into account for the effects 34 
analyses. 35 


Take under the ESA is defined as “to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 36 
collect, or to attempt to engage in any such conduct.”  Every individual of a species listed under the ESA 37 
is a protected entity, and any take of an individual would be considered an impact.  For those species or 38 
populations that are ESA-listed, the evaluation of effects focuses on the individual.  Of the species 39 
analyzed in this BA, all species of sea turtles and seven cetacean species are ESA listed. 40 


Taking of cetaceans under the MMPA is defined as “to harass, hunt, capture, collect, or kill, or attempt to 41 
harass, hunt, capture, collect, or kill any marine mammal.”  The MMPA applies to all the cetaceans 42 
analyzed in this BA and prohibits any person or vessel from taking marine mammals in the United States 43 
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or the high seas without authorization.  In 2004, the definition of harassment was redefined under the 1 
National Defense Authorization Act for Fiscal Year 2004 (U.S. Government Printing Office, 2004).  In 2 
the case of a military readiness activity or a scientific research activity conducted by or on behalf of the 3 
Federal Government the harassment means either one of the following: 4 


• Any act that injures or has the significant potential to injure a marine mammal or marine mammal 5 
stock in the wild; or  6 


• Any act that disturbs or is likely to disturb a marine mammal or marine mammal stock in the wild 7 
by causing disruption of natural behavioral patterns, including, but not limited to, migration, 8 
surfacing, nursing, breeding, feeding, or sheltering, to a point where such behavioral patterns are 9 
abandoned or significantly altered (Department of Defense, 2003).  10 


 11 
Military readiness activity is defined as all training and operations of the Armed Forces that relate to 12 
combat, and the adequate and realistic testing of military equipment, vehicles, weapons, and sensors for 13 
proper operation and suitability for combat use (Section 315[f] of Public Law 107-314).  The Proposed 14 
Action would constitute a military readiness activity under this definition. 15 


3.2 Launch from Vandenberg Air Force Base 16 


According to the 2004 MMIII Modification EA (USAF, 2004), some disturbances to marine mammals 17 
and migratory birds at Vandenberg AFB from missile launches and helicopter overflights are expected.  18 
However, a NMFS incidental “take” permit is in place that authorizes incidental harassment of pinnipeds. 19 


An updated USAF MMIII Modification BA was finalized in 2012 (Tetra Tech, 2012).  It addresses impacts 20 
to booster drop zones for a MMIII test missile launched from Vandenberg AFB toward USAKA/RTS.  21 
The BA describes the launch preparation at Vandenberg AFB to provide appropriate context, but 22 
Vandenberg AFB is not included in the Action Area since it has already been addressed in prior 23 
documents. 24 


The BA also determined that the likelihood of debris hitting a sea turtle or marine mammal is considered 25 
discountable, and there is no reasonable expectation that this would occur.  The MMIII flight tests may 26 
affect but are not likely to adversely affect fish (scalloped hammerhead shark), cetaceans, and sea turtles; 27 
generally, because the MMIII flight tests would occur infrequently (up to four times per year) and would 28 
affect a relatively small area.  As such, those activities are not considered in this BA. 29 


3.3 Over-Ocean Flight Corridor 30 


Impacts to fish, sea turtles, and marine mammals as a result of sonic booms and the shock/sound wave 31 
from the impact of missile components are more thoroughly discussed under the BOA sections below.  32 
Exposure to noise in the over-ocean flight corridor is discussed in terms of a non-nominal or aborted 33 
flight that would result in potential impacts from the two planned test flights.  Appendix B contains the 34 
2004 report, “Noise Calculations for Minuteman III Launches,” on which the discussion is based. 35 


3.3.1 Exposure to Elevated Noise Levels 36 
Fish 37 


Studies of hearing effects on fish due to exposure to anthropogenic sounds have generally been of two 38 
types (Popper, 2008).  The first is exposure of fish to long-term increases in background noise in order to 39 
investigate changes in hearing, growth, or survival.  The second is exposure to short-duration but high-40 
intensity sounds such as might be produced by sonar or underwater detonations.  The results of long-41 
duration studies suggest little to no effect to hearing generalists from either type of exposure. 42 
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It is likely that scalloped hammerhead sharks can detect and respond to anthropogenic sounds,  They are 1 
attracted to pulsed low-frequency sounds (below several hundred Hz); however, they are not known to be 2 
attracted to continuous signals or higher frequencies.  Exposure to elevated noise levels may affect 3 
scalloped hammerhead sharks in the water beneath the over-ocean flight corridor, but is not likely to 4 
adversely affect them. 5 


Sea Turtles 6 


An earlier noise study of MMIII flight tests from Vandenberg AFB modeled the sonic boom levels 7 
generated downrange (Tooley et al., 2004).  The modeling results showed the surface footprint of the 8 
sonic boom can extend outward several miles on each side of the flight path, but it quickly dissipates with 9 
increasing distance downrange.  At the ocean surface, peak overpressures were estimated to be in the 138 10 
to 149 dB range in air, based on typical atmospheric wind conditions.  Such overpressures are equivalent 11 
to between 164 to 175 dB (re 1 µPa) in water at the air-to-water interface.  The duration of these acoustic 12 
events is less than 250 milliseconds, or a quarter of a second. 13 


Sea turtle auditory sensitivity is not well studied.  Research suggests the animals are less sensitive to the 14 
auditory effects of impulsive sounds than marine mammals (Ridgway et al., 1969; U.S. Navy [USN], 15 
2008a, 2008b).  Application of the cetacean thresholds for TTS and PTS discussed below therefore is 16 
likely to be particularly conservative for sea turtles (Mobley, et al., 1994; 1995; 2000).  Exposure to 17 
elevated noise levels may affect sea turtles in the water beneath the over-ocean flight corridor, but is not 18 
likely to adversely affect them. 19 


Marine Mammals 20 


Splashdowns of rocket components are isolated events rather than ongoing activities such as sonar or pile 21 
driving.  The effects criteria used are consistent with the water pulse tests on dolphins and whales 22 
(Finneran 2000, 2002, and 2005); particularly very short duration events.  Notably, the estimated 23 
frequency of the splashdown pulse would be 8 Hz for the Stage 3 rocket motor and 3 Hz for the RV.  This 24 
would be a “sharp push” that would be felt, but not heard since marine species hearing does not extend 25 
into these low frequency ranges.  It should also be noted that this relatively slow-rising pulse is not a 26 
shock wave – comparable to a rolling wave near a beach. 27 


As an example of how longer duration, steady-state sound exposures can affect TTS levels in marine 28 
mammals, bottlenose dolphins exposed to 179 dB (referenced to 1 μPa) for up to 55 minutes experienced 29 
TTS levels averaging 11 dB (Nachtigall, et al., 2003).  Because the underwater shock/sound waves 30 
generated by sonic booms or falling missile components are single, short duration pulses (measured in 31 
milliseconds), sound pressure levels necessary to induce TTS in marine mammals are expected to be 32 
much higher.  Exposure to elevated noise levels may affect marine mammals in the water beneath the 33 
over-ocean flight corridor, but is not likely to adversely affect them. 34 


3.3.2 Impact of Falling Missile Components 35 
Fish 36 


Most missile tests pose little risk to fish unless the fish happen to be near the surface at the point of 37 
impact.  Permanent, adverse impacts on EFH components are not anticipated since missile flight test 38 
operations are conducted to avoid potential impacts.  Only two extended range test flights are anticipated 39 
through 2014.  There are unavoidable impacts associated with operations that may result in temporary and 40 
localized impacts caused by debris.  The impact of missile components on the ocean surface could cause 41 
fish mortalities.  These effects would be localized and transient.  Fish populations from surrounding areas 42 
would quickly repopulate the affected area.  As a result, the overall effects from the proposed flight tests 43 
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would produce no significant harm to the quality and/or quantity of fish stocks, nor would EFH be 1 
adversely affected. 2 


The probability for a launch mishap during one of the proposed MMIII ERFT flight tests is very low.  3 
However, an early flight termination or mishap would cause missile debris to impact along the flight 4 
corridor.  In most cases, the errant missile would be moving at such a high velocity that resulting missile 5 
debris would strike the water further downrange.  In the unlikely event of an early termination of flight, 6 
the missile would fall to the ocean intact or as debris scattered over a large area.  It is expected that the 7 
falling missile and its debris may affect but is not likely to adversely affect listed fish such as the 8 
scalloped hammerhead shark because of the large expanse of the ocean area; the fact that adults in the 9 
open ocean occur alone, in pairs or in small groups; and the very low probability of striking an individual 10 
shark. 11 


Sea Turtles 12 


In the unlikely event of an early termination of flight, the missile would fall to the ocean intact or as 13 
debris scattered over a large area.  Individual pieces of debris from the proposed missile tests would be 14 
dispersed over a large area.  Most missile tests pose little risk to sea turtles unless they happen to be near 15 
the surface at the point of impact.  While a direct hit from a piece of debris would affect a sea turtle at the 16 
surface, it is extremely unlikely that this would ever occur.  It is further expected that the falling missile 17 
and its debris may affect but is not likely to adversely affect sea turtles because of the large expanse of the 18 
ocean area; the fact that there are no topographic features, such as seamounts, in these areas that would 19 
induce concentrations of sea turtles; and the probability of debris from a non-nominal flight striking an 20 
individual is considered remote. 21 


Marine Mammals 22 


Debris and booster drops in the impact areas are not expected to adversely affect protected marine 23 
mammal species.  The probability is low for migratory whales to be within the areas potentially affected 24 
by debris from a non-nominal flight.  Most missile tests pose little risk to marine mammals unless they 25 
happen to be near the surface at the point of impact.  Only two extended range test flights are anticipated 26 
through 2014.  While a direct hit from a piece of debris would affect a whale or dolphin at the surface, it 27 
is extremely unlikely that this would ever occur.  These sensitive marine species are widely scattered, and 28 
the probability of an individual marine mammal being struck by debris is considered remote.  Thus debris 29 
from missile components may affect but is not likely to adversely affect marine mammals in the water 30 
beneath the over-ocean flight corridor. 31 


3.3.3 Exposure to Hazardous Materials 32 
Fish 33 


Initiating flight termination after launch would split the solid propellant motor casing, releasing pressure 34 
and stopping the booster’s forward thrust, causing the launch vehicle to reenter ballistically along a 35 
descending trajectory into the ocean.  Pieces of unburned propellant, which is composed of ammonium 36 
perchlorate, aluminum, and other materials, could be dispersed over an ocean area of up to several square 37 
miles (square kilometers).  Ammonium perchlorate could leach out of the solid propellant resin binding-38 
agent once the propellant enters the water.  However, it is unlikely perchlorate concentrations would 39 
accumulate to a level of concern.  The overall concentration and toxicity of dissolved solid propellant 40 
from the unexpended rocket motors, or portions of them, is expected to be negligible and without any 41 
substantial effect.  Any pieces of propellant expelled from a destroyed or exploded rocket motor would 42 
sink hundreds or thousands of feet to the ocean floor.  At such depths, the material would be beyond the 43 
reach of most marine life. 44 
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The liquid propellants (CH6N2 and N2O4) contained in the PSRE also could be released in the ocean 1 
waters on impact, assuming they have not been used up by propulsion or vaporized during the destruct 2 
action.  Wave actions and ocean currents would quickly mix and dilute the liquid propellants, in addition 3 
to them being buffered or oxidized in the seawater, thus eliminating potentially toxic concentrations.  4 
Should the sealed propellant assemblies within the PSRE survive ocean impact intact, they would sink to 5 
great depths and settle on the ocean floor.  There, they could potentially leak propellants into the water 6 
over time.  As with the solid propellants, the liquid propellants would be beyond the reach of most marine 7 
life.  Though it is possible for deep ocean, benthic species to be adversely affected by any remaining 8 
contaminants, such impacts would be very localized, occurring within a short distance of missile 9 
component debris deposited on the ocean floor. 10 


Only two extended range test flights are anticipated through 2014.  The test RVs would include 0.29 to 22 11 
ounces (8 to 624 grams) of asbestos; approximately 0.035 to 0.353 ounces (1 to 10 grams) each of 12 
beryllium, cadmium, and chromium; approximately 4.8 ounces (136 grams) of lead; and an unspecified 13 
quantity of DU.  The quantity of electrolyte material for the batteries carried on each test RV would 14 
amount to no more than 2.13 ounces (64 milliliters) of potassium hydroxide.  Some test RVs would also 15 
contain about 0.2 lb (0.09 kg) of lithium compounds in other batteries.  The batteries carried onboard an 16 
RV would be spent (discharged) by the time the vehicle impacts the ocean water and, thus, would be of 17 
little concern.  Considering the small quantities of hazardous materials contained in the batteries and RVs, 18 
and the dilution and mixing of the ocean waters, the hazardous materials released during at impact should 19 
be of little consequence to marine life in the area. 20 


In summary, MMIII ERFT flight tests would have no discernible effect on the overall physical and 21 
chemical properties of the ocean within the Action Area, and thus should have no impacts on the overall 22 
marine biology of the Action Area.  Missile flight tests would result in minimal risk of hitting or 23 
otherwise harassing marine mammals or sea turtles.  Moreover, such tests would have no discernible 24 
effect on the biological diversity of either the pelagic or benthic marine environment.  Consequently, 25 
hazardous material from the missile components may affect but is unlikely to adversely affect biological 26 
resources in the ocean beneath the over-ocean flight corridor would be anticipated. 27 


Sea Turtles 28 


Impacts to sea turtles in the ocean beneath the flight corridor would be similar to that described above for 29 
fish. 30 


Marine Mammals 31 


Impacts to marine mammals in the ocean beneath the flight corridor would be similar to that described 32 
above for fish. 33 


3.4 Broad Ocean Area 34 


3.4.1 Exposure to Elevated Noise Levels  35 
Fish 36 


Exposure of fish in the BOA to elevated noise would be similar to that discussed above in Section 3.3.1 37 


Sea Turtles and Marine Mammals 38 


Sonic Boom Overpressure 39 


As each test RV descends, sonic booms are initially generated over a very broad area of the open ocean to 40 
the northeast and continue in a southwesterly direction towards the designated target area, where the sonic 41 
boom footprint narrows to just a few miles on either side of the flight path (Figure 3-1).  At the ocean 42 
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surface, the in-air sound pressure levels for the sonic booms vary from 91 dB at the eastern-most range 1 
and increase to 150 dB at the western-most range, close to the point of impact.  Equivalent underwater 2 
overpressure levels range from 117 to 176 dB (re 1 µPa).  The sonic boom footprints would occur at two 3 
distinct locations, with an unspecified temporal separation, entirely over open ocean and within the areas 4 
covered by the Notices to Airmen and Notices to Mariners.  The duration for sonic boom overpressures 5 
produced by the RVs ranges from 40 milliseconds where the boom is strongest to 124 milliseconds where 6 
it is weakest (Moody, 2004b). 7 


An earlier noise study of MMIII flight tests from Vandenberg AFB modeled the sonic boom levels 8 
generated downrange (Tooley et al., 2004).  The modeling results showed the surface footprint of the 9 
sonic boom can extend outward several miles on each side of the flight path, but it quickly dissipates with 10 
increasing distance downrange.  At the ocean surface, peak overpressures were estimated to be in the 138 11 
to 149 dB range in air, based on typical atmospheric wind conditions.  Such overpressures are equivalent 12 
to between 164 to 175 dB (re 1 µPa) in water at the air-to-water interface.  The duration of these acoustic 13 
events is less than 250 milliseconds, or a quarter of a second. 14 


The propagation of sonic booms underwater can affect the behavior and hearing sensitivity in marine 15 
mammals (primarily cetaceans) and sea turtles.  Loud enough sounds can cause cetaceans to quickly 16 
react, altering their normal behavior.  Most observations of behavioral responses of cetaceans to 17 
anthropogenic sounds have been limited to short-term responses, including disturbance to feeding, 18 
resting, or social interactions.  Higher sound levels can result in some level of hearing loss.  Depending on 19 
the level of exposure, either TTS or PTS may occur.  A TTS can temporarily impair an animal’s ability to 20 
communicate, navigate, forage, and detect predators; a PTS can permanently impair the animal.  The 21 
onset of hearing threshold shift in marine mammals and sea turtles depends on the total exposure to sound 22 
energy, a function of sound pressure level, and the duration of exposure.  As a sound gets louder, the 23 
duration required to induce TTS gets shorter.  Exposure to sound in excess of that required to cause TTS 24 
may result in a PTS. 25 
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   1 


Figure 3-1  Representative Sonic Boom Footprints for RV Impacts 2 
in the BOAs 3 


 4 
Sea turtle auditory sensitivity is not well studied.  Research suggests the animals are less sensitive to the 5 
auditory effects of impulsive sounds than marine mammals (Ridgway et al., 1969; USN, 2008a, 2008b).  6 
Application of the cetacean thresholds for TTS and PTS therefore is likely to be particularly conservative 7 
for sea turtles (Mobley, et al., 1994; 1995; 2000). 8 


For this analysis, acoustical thresholds for the onset of TTS and PTS in marine mammals and sea turtles 9 
are based on prior studies conducted by the USN for underwater detonations and ship-shock trials (USN, 10 
2008a, 2008b).  The underwater peak pressure thresholds are 224 dB (re 1 µPa) for the onset of TTS and 11 
230 dB (re 1 µPa) for the onset of PTS.  Thus, for the MMIII ERFT flight tests a maximum sonic boom 12 
underwater peak pressure of 175 dB (re 1 µPa) would not induce TTS or PTS in marine mammals or sea 13 
turtles in the open ocean. 14 


Although it may be possible for such underwater sound levels to cause slight changes in animal behavior, 15 
the affects are expected to be brief.  The RV sonic booms would have minimal impacts on marine 16 
mammals and sea turtles because:  (1) underwater sound levels would not exceed thresholds for TTS (224 17 
dB [re 1 µPa]) or PTS (230 dB [re 1 µPa]); (2) the higher-level overpressures would generate minimal in-18 
water footprints and be very short in duration; and (3) marine mammal and sea turtle species are expected 19 
to have low and patchy densities.  Thus, the noise levels from sonic boom overpressures resulting from 20 


Derived from Tooley et al., 2004 
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MMIII ERFT test flights may affect but are not likely to adversely affect sea turtles or marine mammals 1 
in the BOA. 2 


Direct Contact and Shock/Sound Wave from the Impact of Missile Components 3 


As shown in Figures 1-2 and 1-4, the impact area for the third stage spent rocket motors is approximately 4 
125 to 320 nm (232 to 593 km) southeast of Guam, within its EEZ or that of Micronesia.  During the 5 
descent of the spent motors, each motor would hit the ocean surface at speeds of approximately 195 to 6 
230 ft per second (59 to 70 m per second) (USAF, 2006b).  The expended motors would have 7 
considerable kinetic force (USAF, 2004).  Upon impact, this transfer of energy to the ocean water would 8 
cause a shock wave (low-frequency acoustic pulse) similar to that produced by explosives.  Studies for 9 
MMIII flight tests have shown underwater noise pulse levels would be on the order of 188 to 190 dB (re 1 10 
μPa) at a range of 164 ft (50 m) from the motor impact point (Tooley et al., 2004). 11 


If a portion of the missile were to strike a protected marine mammal or sea turtle near the water surface, 12 
the animal most likely would be killed.  In addition, the resulting underwater shock/sound wave radiating 13 
out from the impact point could potentially harm other animals.  Close to the impact point, the 14 
shock/sound wave might cause PTS, injure internal organs and tissues, or prove fatal to the animals.  15 
Slightly further away, TTS effects might occur, but with increasing distance away from the impact point, 16 
pressure levels would decrease, as would the risk for injury.  Figure 3-2 illustrates the relative distances 17 
for these shock/sound wave effects on animals. 18 


 19 
Research shows an underwater sound level of approximately 240 dB (re 1 µPa) is the baseline criterion 20 
for defining unavoidable injury or death in marine mammals (Ketten, 1998).  Such effects would occur 21 
within a very short distance to each rocket motor impact point.  For TTS and PTS effects on marine 22 
mammals and sea turtles, this SEA used a dual-exposure criteria approach based on prior studies 23 
conducted by the USN for underwater detonations and ship-shock trials (USN, 2008a, 2008b).  The 24 
criteria use both peak pressure levels in dB (re 1 μPa) and energy flux density values, which are a 25 
measure of the sound energy flow per unit area expressed in dB (re 1 μPa2-s) for underwater sound.  26 
Table 3-1 presents the estimated radial distances for the onset of TTS and PTS for the motor based on the 27 
USN criteria.  Energy flux density criteria result in much larger radial distances, when compared to peak 28 
pressure criteria.  The outermost distance at which TTS would occur is estimated to be 56 ft (17 m) from 29 
the impact point of the third stage motor.  Although not shown in table, radial distances for the smaller 30 
and lighter MMIII missile shroud and the six TT port assemblies would be substantially less than that of 31 
the rocket motors. 32 


33 


Onset of PTS 
Onset of TTS 


 


Figure 3-2  Illustration of the Relative Underwater Radial Distances for Shock/Sound 
Wave Effects on Marine Mammals and Sea Turtles 
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 1 
Table 3-1  Estimated Underwater Radial Distances for the Onset of TTS and PTS in Marine 2 


Mammals and Sea Turtles from Minuteman III Third Stage Motor Impacts in the Ocean 3 


Potential Effect Criterion Criterion Source 
Radial Distance from  


Impact Point  
ft (m) 


Unavoidable Injury or 
Death 240 dB (re 1 μPa) Ketten, 1998 <1 (<1) 


PTS 


230 dB (re 1 μPa) peak 
pressure USN, 2008b 1 (<1) 


205 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 4 (1) 


TTS 


224 dB (re 1 μPa) 1 peak 
pressure USN, 2008a, 2008b 3 (1) 


182 dB (re 1 μPa2-s) 
energy flux density USN, 2008a 56 (17) 


1 A peak pressure of 224 dB (re 1 μPa) is equivalent to 23 psi. 


Within the Action Area, population estimates and migratory routes for most of the marine mammal 4 
species in the impact areas are not available.  Thus, calculating probabilities for impacts based on animal 5 
densities is considerably difficult.  However, when applying relatively conservative data from surveys 6 
conducted elsewhere around the Hawaiian Island Pacific Region, the probability for a rocket motor 7 
striking cetaceans in the open ocean is 5.4 x 10-5 or less per splashdown event, and lower for sea turtles 8 
(Mobley, 1994; 1995; 2000).  Animal densities in the BOAs of the Action Area are expected to be lower.  9 
Considering the low number of impacts, individual rocket motor splashdown points are spread hundreds 10 
and thousands of miles apart, and each impact point would affect a relatively small area, with very low 11 
and patchy animal densities, the splashdown of MMIII missile components in the over-ocean flight 12 
corridor is not expected to have a significant impact on marine mammals or sea turtles. 13 


An RV impacting in the ocean would result in underwater shock/sound waves comparable to the 14 
splashdown of the MMIII rocket motors described earlier, but with much greater force because of the 15 
hypersonic velocity at the time of impact.  The resulting underwater waveform in either case would last 16 
about 10 to 30 milliseconds (Moody, 2004a; Tooley et al., 2004). 17 


As the shock/sound wave radiates away from the impact point, sound levels would decrease, as would the 18 
risk for injury or auditory effects (Figure 3-1).  Using the dual-exposure criteria (peak pressure and 19 
energy flux density) approach described earlier, Table 3-2 presents the estimated radial distances for the 20 
onset of TTS and PTS from the RV point of ocean impact.  As Table 3-2 shows, the energy flux density 21 
criteria result in larger radial distances for the onset of PTS and TTS, when compared to the peak pressure 22 
criteria results.  The outermost distance at which TTS would occur is estimated to be 1,360 ft (415 m) 23 
from the RV impact point.  Notably, the RVs for the tests would not contain high explosives. 24 


Population estimates for marine mammal species are not available for the Action Area.  When applying 25 
relatively conservative data from surveys conducted around the Mariana Islands region, the probability 26 
for an RV underwater shock/sound wave to induce PTS in cetaceans in the ocean is less than 5.40 x 10-5 27 
per impact event.  For TTS, the probability increases to approximately 5.18 x 10-4 for two RV impact 28 
events.  Probabilities inducing PTS and TTS in sea turtles would be considerably less.  Animal densities 29 
in the target impact areas are expected to be lower than in the surveyed areas. 30 
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Table 3-2  Estimated Underwater Radial Distances for Unavoidable Injury or Death, Onset of TTS 1 
and PTS in Marine Mammals and Sea Turtles from RV Ocean Impacts 2 


Potential Effect Criterion Criterion Source 
Radial Distance from 


Impact Point 
ft (m) 1 


Unavoidable Injury or Death 240 dB (re 1 μPa) Ketten, 1998 10 (3) 


 
 
PTS 


230 dB (re 1 μPa) 
peak pressure 


USN, 2008b 31 (10) 


205 dB (re 1 μPa2-s) 
energy flux density 


USN, 2008a 96 (29) 


 
 
TTS 


224 dB (re 1 μPa) 
peak pressure 


USN, 2008a, 2008b 62 (19) 


182 dB (re 1 μPa2-s) 
energy flux density 


USN, 2008a 1,360 (415) 


 1 Derived from U.S. Air Force, 2004 


 3 
Thus, the resulting acoustic effects from shock/sound waves may affect, but are not likely to adversely 4 
affect protected sea turtles and marine mammals because:  (1) only one RV impact would occur within 5 
each target area, (2) cetaceans and sea turtles are expected to occur at low densities and in patchy 6 
distributions within the region, (3) it is unlikely animals would be located within the small radial impact 7 
area; and (4) the implementation of pre-test visual and sensor sweeps surveys of the designated target 8 
areas. 9 


For both flight tests, the RVs impact approximately 80 nm (148 km) offshore of the closest island in 10 
Palau or within international waters into deep ocean waters where depths range from 10,000 to 16,600 ft 11 
(3,048 to 5,060 m).  No craters would form on the ocean bottom, and there would be no ground-borne 12 
vibrations from the RV impacts.  There would be no effects to mollusks, sponges, and hard corals from 13 
the RV impact. 14 


The effects thresholds outlined in this BA have been the accepted approach in recent test launch BAs and 15 
EAs, including those prepared for Hypersonic Technology Vehicle 2 (USAF, 2009), Kinetic Energy 16 
Interceptor (MDA, 2009), and Conventional Strike Missile Demonstration (USAF, 2010), as well as for 17 
the MMIII SEA/BA (in progress, USAF, 2013).  Currently, NMFS standard thresholds used for other 18 
actions are 180 dB root mean square (rms) and 160 dB rms for ongoing sources of impulsive noise.  19 
Splashdowns of missile components are isolated events rather than ongoing activities such as sonar or pile 20 
driving.  The peak overpressure and energy flux effects thresholds used herein are consistent with the 21 
water pulse tests on dolphins and whales (Finneran 2000, 2002, and 2005); particularly, single events of 22 
very short duration.  Notably, the estimated frequency of the splashdown pulse would be 8 Hz for the 23 
third-stage rocket motor and 3 Hz for the RV.  This would be a slow-rising pulse, not a shock wave, 24 
perceived as a “sharp push” that would be felt, but not heard since marine species hearing does not extend 25 
into these low-frequency ranges. 26 


3.4.2 Impact of Falling Missile Components 27 
Fish 28 


Impacts from the two planned ERFT missions to sensitive fish species in the BOA such as the scalloped 29 
hammerhead shark would be the same as those discussed above in Section 3.3.2. 30 
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Sea Turtles 1 


Impacts from planned ERFT to sea turtles in the BOA would be the same as those discussed in Section 2 
3.3.2. 3 


Marine Mammals 4 


Impacts from planned ERFT to marine mammals in the BOA would be the same as those discussed in 5 
Section 3.3.2. 6 


3.4.3 Exposure to Hazardous Materials 7 
Fish 8 


Only two extended range test flights are anticipated through 2014.  As stated above, the test RVs would 9 
include 0.29 to 22 ounces (8 to 624 grams) of asbestos; approximately 0.035 to 0.353 ounces (1 to 10 10 
grams) each of beryllium, cadmium, and chromium; approximately 4.8 ounces (136 grams) of lead; and 11 
an unspecified quantity of DU.  When the spent rocket motors impact in the ocean, no solid propellant 12 
would remain.  The residual aluminum oxide and burnt hydrocarbon coating the inside of the motor 13 
casings would not present toxicity concerns.  Though the batteries carried onboard the rocket motors 14 
would be spent (discharged) by the time they impact in the ocean, they would still contain small quantities 15 
of electrolyte material.  These materials, along with residual amounts of strontium perchlorate contained 16 
in the 3rd-stage motors, may mix with the seawater. 17 


The National Aeronautics and Space Administration (NASA) conducted a thorough evaluation of the 18 
effects of rocket systems deposited in seawater.  The evaluation concluded the release of hazardous 19 
materials, carried onboard launch vehicles, would not be significant (USAF, 2004).  Hazardous materials 20 
would be diluted rapidly in the seawater and, except for the immediate vicinity of the debris, would not be 21 
found at concentrations identified as producing adverse effects (USN, 1998). 22 


Ocean depths in the Action Area reach thousands of feet (meters) and, consequently, impacts from 23 
hazardous materials are expected to be minimal.  The area affected by the dissolution of hazardous 24 
materials onboard would be relatively small because of the size of the rocket components and the minor 25 
amount of residual materials they would contain.  Such components would immediately sink to the ocean 26 
bottom, out of reach of marine mammals, sea turtles, and most other marine life.  Though it is possible for 27 
deep ocean, benthic species to be affected by any remaining contaminants, such impacts would be very 28 
localized, occurring within a short distance of missile component debris deposited on the ocean floor.  29 
Only two extended range test flights are anticipated through 2014.  Consequently, hazardous materials 30 
from MMIII ERFT may affect but are not likely to adversely affect biological resources in the BOA. 31 


The proposed MMIII ERFT would not have a discernible or measurable impact on benthic or planktonic 32 
organisms, because of their abundance, their wide distribution, and the protective influence of the mass of 33 
the Pacific Ocean around them.  However, the potential exists for impacts to larger vertebrates in the 34 
proposed impact areas, particularly marine mammals and sea turtles that must come to the surface to 35 
breathe.  Potential impacts on these species have been considered in this analysis and include the effects 36 
of acoustic effects produced by rapid descent to impact (sonic booms), and non-acoustic effects (vessel 37 
strikes, splashdown of missile stages and release of propellants or other hazardous materials into the 38 
water).  Potential acoustic effects include behavioral disturbances and temporary or permanent hearing 39 
impairment.  Potential non-acoustic effects include physical impact by falling debris, and contact with or 40 
ingestion of debris or hazardous materials, particularly unexpended fuels.  The resulting impact of a large, 41 
fast-moving object, such as the spent casing of a rocket motor, could cause either type of effect (USAF, 42 
2004). 43 







 


 


USAF MMIII ERFT Biological Assessment, April 2013 
3-12 


Sea Turtles 1 


Based on the low volume of toxic materials involved and the depth of its deposition as discussed above, 2 
protected sea turtle species are highly unlikely to encounter significant concentrations of toxicants from 3 
spent missile sections.  Thus sea turtles may be affected, but are unlikely to be adversely affected. 4 


Marine Mammals 5 


Based on the low volume of toxic materials involved and the depth of its deposition as discussed above, 6 
protected cetacean species are highly unlikely to encounter significant concentrations of toxicants from 7 
spent missile sections.  Thus marine mammals may be affected, but are unlikely to be adversely affected. 8 


3.4.4 Disturbance from Human Activity and Equipment Operation 9 
Fish 10 


The effects of the proposed activities would be localized and transient.  Fish populations from 11 
surrounding areas would quickly repopulate the affected areas.  As a result, the overall proposed flight 12 
tests may affect but are unlikely to adversely affect the quality and/or quantity of fish stocks, nor would 13 
EFH be adversely affected. 14 


Sea Turtles 15 


As data collection instruments are deployed, LLNL personnel will observe the impact and surrounding 16 
areas to the best of their ability for indications of sea turtle presence.  If such indications exist or sea turtle 17 
individuals are observed to persist in the impact or surrounding area, the presence will be reported by 18 
LLNL personnel to AFGSC personnel, who will determine the potential for holding launch activities to 19 
allow the animals to pass through the area of concern.  Based on conservative estimates of sea turtle 20 
densities coupled with conservative estimates of hearing, it was determined only a negligible number of 21 
sea turtles (i.e., less than 0.0003) might be affected acoustically or non-acoustically by proposed extended 22 
range flight testing and its resulting disturbance by the presence of personnel and equipment operation.  23 
Thus disturbance of sea turtles from human activities may affect but is not likely to adversely affect sea 24 
turtles because of the large expanse of the ocean area and the fact that there are no topographic features, 25 
such as seamounts, in these areas that would induce concentrations of sea turtles.  26 


Marine Mammals 27 


As data collection instruments are deployed, LLNL personnel will observe the impact and surrounding 28 
area to the best of their ability for indications of marine mammal presence.  If such indications exist or 29 
marine mammal individuals are observed to persist in the impact or surrounding area, the presence will be 30 
reported by LLNL personnel to AFGSC personnel, who will determine the potential for holding launch 31 
activities to allow the animals to pass through the area of concern.  Of particular concern is the potential 32 
for impacts to marine mammals from acoustic effects.  Potential acoustic effects include behavioral 33 
disturbance (including displacement), acoustic masking (elevated noise levels that drown out other noise 34 
sources), and temporary or permanent hearing impairment (from very strong sounds). 35 


In general, marine mammal populations consist of hundreds or thousands of individuals from different 36 
species, ranging across a large geographical area.  In this context, the loss of several or even dozens of 37 
individuals due to various threats in their environment, including from anthropogenic sources, may not 38 
constitute a population-level effect in some cases.  Such anthropogenic factors are shipping and military 39 
noise, hunting pressure, pollution and oil spills, habitat loss and degradation, ship strikes, recreational and 40 
commercial fishing, oil and gas development and production, and seismic exploration.  The probabilities 41 
for marine mammals to experience unavoidable injury or death as a result of MMIII ERFT in the Action 42 
Area are exceptionally low.  Relative to the numbers of animals that are taken or even killed each year 43 
from anthropogenic factors, impacts due to the stress of disturbance from USAF activities would be 44 







 


 


USAF MMIII ERFT Biological Assessment, April 2013 
3-13 


discountable on a population level.  Therefore, physical or acoustic impacts from USAF actions may 1 
affect, but are not likely to adversely affect, cetaceans. 2 


3.4.5 Collision with Vessels 3 
Fish 4 


Based on the expected low density of scalloped hammerhead sharks in the action area, the limited number 5 
of work vessels involved, and the depth at which the fish normally occur, the risk of collisions between 6 
project-related vessels and protected species appears to be discountable.  Scalloped hammerhead sharks 7 
are also quick and agile swimmers.  Given this behavior and the sharks’ agility, it is unlikely that 8 
scalloped hammerhead sharks would be struck by vessels in the project area. 9 


Sea Turtles and Marine Mammals 10 


Sea turtles and whales breathe air and must surface to breathe. They are also known to rest or bask at the 11 
surface. Therefore, when at or near the surface, turtles and whales are at risk of being struck by vessels or 12 
their propellers as the vessels transit to and from the BOA.  Potential injuries and their severity will 13 
depend on the speed of the vessel, the part of the vessel that strikes the animal, and the body part 14 
impacted. Injuries from boat strikes may include bruising, broken bones or carapaces, and lacerations.  In 15 
the case of sea turtles, collisions with even small vessels can result in the turtle’s death.  Being much 16 
larger, whales are less likely to be killed immediately by a collision with a small boat, or a slow moving 17 
larger vessel, but they can be seriously injured by propellers.  Serious injuries could eventually lead to the 18 
whale’s death should there be significant blood loss and/or infection, or from predation while the whale is 19 
in a weakened state.  Existing information about sea turtle sensory biology suggests that sea turtles rely 20 
more heavily on visual cues, rather than auditory, to initiate threat avoidance (Hazel, et al. 2007; 21 
Ridgeway et al. 1969).  Sea turtles have poor hearing and poor vision when out of the water. 22 
Consequently, they do not hear or see boats in time to take evasive action.  Sea turtles may be hit when 23 
they come to the surface to breathe.  Hazel (2009) found that the proportion of sea turtles that fled to 24 
avoid a vessel decreased significantly as the vessel speed increased, and sea turtles that fled from 25 
moderate and fast approaches did so at significantly shorter distances from the vessel than sea turtles that 26 
fled from slow approaches.  Research also suggests that sea turtles cannot be expected to consistently 27 
notice and avoid vessels that are traveling faster than 2 knots (Hazel et al., 2007). 28 


Vanderlaan and Taggart (2007) report that the severity of injury to large whales is directly related to 29 
vessel speed.  They found that the probability of lethal injury increased from 21 percent, for vessels 30 
traveling at 8.6 knots, to over 79 percent for vessels moving at 15 knots or more.  Additionally, since 31 
collisions with whales have been reported for both slow and fast moving craft, it appears that, in at least 32 
some situations, whales may either be unaware of a vessel’s presence or unable to resolve its proximity 33 
and/or vector of travel based on available acoustic cues.  Consequently, vessel operators must be 34 
responsible to actively watch for and avoid sea turtles and marine mammals, and to adjust their speed 35 
based on expected animal density and on lighting and turbidity conditions to allow adequate reaction time 36 
to avoid marine animals. 37 


Marine mammal responses to vessels may include avoidance and changes in dive pattern.  Smaller marine 38 
mammals such as bottlenose and spotted dolphins move quickly throughout the water column and are 39 
often seen riding the bow wave of large ships.  Given this behavior and their agility, it is unlikely that 40 
these small cetaceans would be struck by vessels in the project area. 41 


During ocean travel to and from impact and test support areas, vessel operators would monitor for sea 42 
turtles and marine mammals to avoid potential ship strikes.  Vessel operators would also adjust their 43 
speed based on expected animal densities, and on lighting. 44 
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Based on the expected low density of cetaceans in the Action Area, the limited number of work vessels 1 
involved, low incidence of previous collisions, and the use of the protective measure to watch for and 2 
avoid protected species and to adjust speeds when animals are present or suspected, the risk of collisions 3 
between project-related vessels and protected species appears to be discountable. 4 


5 
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4.0 CUMULATIVE EFFECTS AND MITIGATIONS 1 


4.1 Cumulative Effects  2 


Cumulative effects are considered to be those resulting from the incremental effects of an action when 3 
considering past, present, and reasonably foreseeable future actions, regardless of the agencies or parties 4 
involved.  In other words, cumulative effects can result from individually minor, but collectively 5 
potentially significant, impacts occurring over the duration of the Proposed Action and within the same 6 
geographical area. 7 


The following sections describe the potential for cumulative impacts to occur at or near Vandenberg AFB 8 
or Guam or within the BOAs along the the flight corridor, the EEZs of Guam, the FSM, and the ROP, and 9 
within the global environment as a result of the ongoing MMIII ERFT flight tests. 10 


4.1.1 Vandenberg Air Force Base 11 
Vandenberg AFB is the only facility in the United States from which unmanned Government and 12 
commercial satellites can be launched into polar orbit, and where land-based ICBMs can be launched to 13 
verify weapon system performance.  As the headquarters of the 30th Space Wing, Vandenberg launches a 14 
number of ballistic missiles and space-lift vehicles.  In addition to the two planned MMII ERFT flights, 15 
two more MMIII launches that year are expected from Vandenberg AFB.  These are analyzed in the 16 
MMIII SEA [in progress], with a Finding of No Significant Impact to any of the evaluated resources.  No 17 
cumulative impacts are anticipated from the two MMIII ERFT launches substituted for two of the four 18 
launches per year nominally launched to the Kwajalein vicinity. 19 


4.1.2 Guam 20 
The activities at Guam associated with the MMIII ERFT flights are very limited in nature.  21 
Shipping/receiving, loading, and unloading are actions that occur routinely in warehouses and ports, and 22 
the addition of two MMIII ERFT flight tests would not substantially increase those activities.  By 23 
following appropriate health and safety procedures, and by implementing regulatory requirements for 24 
management of hazardous materials and wastes, no cumulative impacts would occur at Guam from the 25 
MMIII ERFT flights. 26 


4.1.3 Over-Ocean Flight Corridor and the Global Environment 27 
Flight termination during a MMIII ERFT test is unlikely and impacts to biological resources from flight 28 
termination are of a very low probability.  Although other MMIII flights would occur, their flight paths 29 
would not be the same as the ERFT flights, and the combined emissions would not be consequential.  30 
However, any emission of ozone-depleting gases represents a minute increase that could have incremental 31 
effects on the global atmosphere.  No other missile flights are expected through these same flight 32 
corridors.  Therefore, no cumulative impacts are anticipated. 33 


4.1.4 Proposed Impacts Sites – Broad Ocean Areas 34 
For the BOAs of Guam, Micronesia, Palau, and international waters, the two proposed MMIII ERFT 35 
missile component drop zones and RV target sites are the only occurrences within the Action Area.  With 36 
no other planned missile test flights to this area, no cumulative impacts are expected from the Proposed 37 
Action. 38 
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4.2 Summary of Environmental Management and Monitoring Actions 1 


Throughout this BA, various environmental management controls and monitoring systems are described.  2 
Required by Federal, state, DoD, and agency-specific environmental and safety regulations, these 3 
measures are implemented through normal operating procedures. 4 


Although no significant impacts are expected to result from the MMIII ERFT flight tests and 5 
implementation of the Proposed Action, some specific environmental management and monitoring 6 
actions have been identified to minimize the level of impacts that might occur.  The actions applicable to 7 
the BOA Action Areas are summarized below. 8 


4.2.1 Over-Ocean Flight Corridor 9 
1. Range safety policy requirements are implemented for ballistic and space vehicle operations and 10 


are defined in Eastern and Western Range 127-1 (Range Safety Requirements).  The Air Force 11 
Space Command (AFSPC) Manual 91-710 (Range Safety User Requirements) establishes range 12 
safety policy and defines requirements and procedures for ballistic and space vehicle operations 13 
at Vandenberg AFB. 14 


2. Over-ocean launches must comply with DoD Instruction 4540.01 (Use of International Airspace 15 
by U.S. Military Aircraft and for Missile/Projectile Firings).  Air Force Policy Directive 91-2 16 
(Safety Programs) establishes the key USAF safety. 17 


3. The 30 Space Wing (SW) Safety Office and contractors conduct a comprehensive safety analysis 18 
prior to each launch to determine specific missile launch and flight hazards to ensure populated 19 
areas, critical range assets, and civilian property susceptible to damage are outside predicted 20 
impact/debris limits. 21 


4. Notices to Airmen and Notices to Mariners are published and circulated by 30 SW/Reagan Test 22 
Site (RTS) in accordance with 30 SW Instruction 91-104 (Operations Hazard Notice) to warn 23 
personnel to avoid hazard areas within international airspace and waters. 24 


5. Flight corridors are designed to avoid inhabited areas; should a MMIII missile head off course or 25 
other problems occur during flight, the Missile Flight Control Officer would activate the destruct 26 
package on the missile. 27 


4.2.2 Proposed Impacts Areas - BOAs 28 
1. As data collection instruments are deployed, LLNL personnel will observe the impact and 29 


surrounding area to the best of their ability for indications of sea turtle or marine mammal 30 
presence.  If such indications exist or sea turtle or marine mammal individuals are observed to 31 
persist in the impact or surrounding area, the presence will be reported by LLNL personnel to 32 
AFGSC personnel, who will determine the potential for holding launch activities to allow the 33 
animals to pass through the area of concern. 34 


2. During ocean travel to and from impact and test support areas, vessel operators would monitor for 35 
and avoid marine mammals and sea turtles to avoid potential ship strikes, would monitor for 36 
marine mammals and sea turtles to avoid potential ship strikes, remaining 300 ft (91m) from 37 
whales and 150 ft (46m) away from other protected species.  Vessel operators would also adjust 38 
their speed based on expected animal densities, and on lighting and turbidity conditions. 39 


3. To minimize long-term risks to marine life, all visible project-related debris would be recovered 40 
during post-test operations, including debris in ocean waters by range divers. In all cases, 41 
recovery and cleanup would be conducted in a manner to minimize further impacts on biological 42 
resources. 43 
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4. Although unlikely, any dead or injured marine mammals or sea turtles sighted by vessel operators 1 
would be reported to the USAF, who would then inform NMFS and USFWS. 2 


5. During post-test recovery and cleanup, should personnel observe endangered, threatened, or other 3 
species requiring consultation moving into the area, work would be delayed until such species 4 
were out of harm’s way or leave the area. 5 


6. To minimize impacts during post-test operations, USFWS and NMFS would provide guidance 6 
and/or assistance during recovery and cleanup.  In all cases, recovery and cleanup operations 7 
would be conducted in a manner to minimize further harm to biological resources. 8 


7. Proper procedures and all regulations governing marine biological resources would be followed, 9 
(e.g. US ESA, US MMPA). 10 
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5.0 CONCLUSION AND DETERMINATION OF EFFECT 1 


The potential for MMIII extended range flight tests to affect species requiring consultation in the Action 2 
Area is summarized in Table 5-1 and the subsections above.  Refer to Sections 3.0 and 4.0 for the full 3 
supporting analysis for these effect determinations. 4 


Table 5-1  Summary of Effects of MMIII Flight Tests on Species Requiring Consultation 5 


Portion of Action Area Category of Effect Fishs Sea Turtles Cetaceans 


Over-Ocean Flight 
Corridor and BOA 


Elevated Noise  ◊ ◊ ◊ 


Debris  ◊ ◊ ◊ 


Hazardous Materials ◊ ◊ ◊ 


Human Disturbance ◊ ◊ ◊ 


 Collision with Vessels ○ ◊ ◊ 


Key: 6 
No effect ○ 
May affect, but not likely to adversely affect ◊ 
Likely to adversely affect ■ 


 7 


As shown in Table 5-1, some aspects of the MMIII ERFT would have no effect or may affect, but are not 8 
likely to adversely affect, species requiring consultation in the Action Area.  Since all of the anticipated 9 
stressors would have insignificant impacts or the likelihood of impacts would be discountable, 10 
SMDC/AFSC has determined that conducting two MMII extended range flight tests as proposed may 11 
affect, but is unlikely to adversely affect any protected marine species under NMFS jurisdiction. 12 


13 
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APPENDIX A 
ANALYSIS OF THE PHYSICAL EFFECTS OF THE RV IMPACTS 


 
 


(The following analysis was prepared by Tetra Tech as part of their 2012 United States Air Force 
Minuteman III Modification Biological Assessment) 
 
 
INTRODUCTION 


This technical appendix outlines the potential physical effects from an RV impact.  It specifically 
addresses cratering and ground borne vibrations at and around the impact site. 


CRATERING  
The following equation was used to estimate the crater diameter for both the land and water 
impacts.  (Holsapple and Schmid, 1982; Schmidt and Housen, 1987; and Gault, 1974; Collins 
G.S., Melosh H.J., and Marcus R.A., 2005):  


   (equation 1)  


 
 Where: D = diameter of the crater in meters (m)  


  ρi = density of RV in kilograms (kg/m3) 
  ρt = density of soil in kg/m3 


  L = effective diameter of the RV in m 
   Vi = impact velocity at the surface in m/s 
    ge = Earth’s surface gravity (in m/second [s]2) 
  θ = angle of impact 


     
This relationship is normally applied to very ridged projectiles (i.e., meteorites) and unlike the RV 
the physical parameters of the projectiles are assumed not to change rapidly on impact.  Therefore, 
the model was calibrated based on historical field data where craters from RV land impacts have 
been documented to be 20-30 feet in diameter and 7-10 feet deep (LLNL, 2006). 


Land Impact.  The upper bound mission parameters (i.e., maximum RV mass and velocity) 
yielded a maximum crater diameter of 32 feet and a depth of 12 feet for a land impact.  This 
analysis represents a reasonable upper bound of effects and shows slightly greater crater 
dimensions than field data where craters from RV impacts have been documented to be 20-30 feet 
in diameter and 7-10 feet deep (LLNL, 2006).  


Water Impact.  The change in velocity of the RV at the seafloor Vi|seafloor from that at the surface 
Vi|surface was estimated by integrating the hydraulic drag over the depth of the water column in the 
following form (Melosh H.J., and Marcus R.A., 2005): 


    (equation 2) 


 
 Where: Vi|seafloor = impact velocity at the seafloor in m/s 
  Vi|surface = impact velocity at the water surface in m/s 
  ρw= density of water in kg/m3 (1000 kg/m3) 
  Cd = the drag coefficient for a supersonic rigid sphere of water (0.877)  
  dw = the thickness of the water layer 
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  ρi = density of RV in kg/m3 


  L = the effective diameter of the RV in meters 
  θ = angle of impact 


 
Using equation 1, the crater diameter in the seafloor was calculated assuming that the impact 
velocity is that of the RV at the seafloor (Vi = Vi|seafloor), and a soil density of 1500 kg/m3 (Figure 
1).  The depth of the crater (dtc) was assumed to be 0.35 times the diameter. This analysis is 
consistent with field data where RV impacts have been documented to be 10-15 feet in diameter 
and 2-4 feet deep for water depths less than 10 feet.  No cratering has been observed at depths 
greater than 10 feet (LLNL, 2006).  


 
 
 
GROUND BORNE VIBRATION  


Land Impact.  The seismic magnitude (M) was determined for land impacts using the following 
equation (Melosh 1989): 


     (equation 3) 
 


 Where:   E is the kinetic energy of the RV in Joules 
 


The reasonable upper bound mission parameters (i.e., maximum RV mass and velocity) yielded a 
maximum seismic magnitude of 0.1, corresponding to a Richter magnitude approaching zero. 
Therefore, ground borne vibrations from the impact would not travel long distances (e.g., miles, or 
kilometers). 


Although the ground borne vibrations would not travel long distances, it would be present in areas 
in and next to the impact crater.  The following equation was used to estimate the localized ground 
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borne vibration in terms of peak particle velocity (PPV) (ISEE, 1998; and NIRM, 2005) (Figure 
2): 


       (equation 4) 
 


 Where: PPV = peak particle velocity 
  k= geophysical constant (assumed to be 100)  
  D = distance 
  W = energy measured in TNT equivalents  


 
The upper bound mission parameters (i.e. maximum RV mass and velocity) and thresholds for 
structural damage in buildings (i.e. window breaking and plaster cracking) of 5.4 inches/s were 
applied and yielded a critical radius of potential effects of 122.9 feet from the point of impact, and 
it is likely that these effects propagate into the submerged seafloor for impacts close to or on the 
beach. At this distance the ground borne vibration would be readily perceptible by humans and 
terrestrial species, but would not cause substantial or significant damage to naturally occurring and 
manmade rigid structures. It would however,  have the potential for less than significant adverse 
effects such as minor cracking that would likely be undetectable without intense scrutiny. 
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Water Impact. Using equation 2 to approximate the impact energy at the sea floor, the critical 
radius of potential effects for different water depths was determined (Figure 3). The crater 
formation and effects due to ground borne vibration are independent. Therefore, for convenience it 
should be assumed that there would be no effects from ground borne vibrations when the critical 
distance is less than the crater radius. The water column effectively reduces the energy of the RV 
such that ground borne vibrations from impacts in water depths greater than a foot would not be 
sufficient to propagate beyond the cratered area.  


 
 


The impact of the hypersonic body would be only partially comparable to an explosive detonation 
at the point of impact. In comparison, a true blast wave would have a rise time of only a few msec. 
Therefore, effects on structures and persons may not be equivalent. To help clarify these issues, 
measurements should be made of the ground borne vibrations, and the in-air overpressures at 
several distances from the impact point. This would aid in determining (1) the source strength; (2) 
actual fall-off with distance; and (3) the actual waveform from this event, its rise time, and its 
duration. 







 


 


USAF MMIII ERFT Biological Assessment, April 2013 
B-1 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


APPENDIX B 
 


NOISE CALCULATIONS FOR MINUTEMAN III 
LAUNCHES 


 







   


AEROSPACE REPORT NO. 
TOR-2003(8506)-2699e 
 


Noise Calculations for Minuteman III Launches 
 


02 March 2004 


Prepared by 
 
Jeffrey T. Tooley, Vehicle Performance Subdivision 
Vehicle Systems Division 
Douglas M. Moody, Vehicle Performance Subdivision 
Charles P. Griffice, Corporate Chief Architect/Engineer 
Systems Planning & Engineering 


Prepared for 
 
 
SPACE AND MISSILE SYSTEMS CENTER 
AIR FORCE MATERIEL COMMAND 
2430 E. El Segundo Boulevard 
Los Angeles Air Force Base, CA 90245 


Contract No. FA8802-04-C-0001 


Systems Planning and Engineering Group 


Distribution authorized to U.S. Government Agencies and their contractors; Administrative or Operational Use, 
25 June 2003.  Other requests for this document shall be referred to SMC/AX. 
 
Destruction Notice:  For classified documents, follow the procedures in DOD 5220.22-M, National Industrial 
Security program Operating Manual (NISPOM), Paragraph 5, Section 7.  For unclassified, limited documents, 
destroy by any method that will prevent disclosure of contents or reconstruction of the document. 


 


EL SEGUNDO, CALIFORNIA







 


AEROSPACE REPORT NO. 
TOR-2003(8506)-2699e          


Noise Calculations for Minuteman III Launches 
 


Prepared by 
 


Jeffrey T. Tooley, Vehicle Performance Subdivision 
Vehicle Systems Division 


Douglas M. Moody, Vehicle Performance Subdivision 
Charles P. Griffice, Corporate Chief Architect/Engineer 


Systems Planning & Engineering   
 


03/02/2004 
 


Engineering and Technology Group 
THE AEROSPACE CORPORATION 


El Segundo, CA  90245-4691 


Prepared for 
 
 


SPACE AND MISSILE SYSTEMS CENTER 
AIR FORCE MATERIEL COMMAND 


2430 E. El Segundo Boulevard 
Los Angeles Air Force Base, CA 90245 


Contract No. FA8802-04-C-0001 


Distribution authorized to U.S. Government Agencies and their contractors; Administrative or 
Operational Use, 25 June 2003.  Other requests for this document shall be referred to SMC/AX 
 
Destruction Notice:  For classified documents, follow the procedures in DOD 5220.22-M, 
National Industrial Security program Operating Manual (NISPOM), Paragraph 5, Section 7.  For 
unclassified, limited documents, destroy by any method that will prevent disclosure of contents or 
reconstruction of the document. 


 


 







 


 
AEROSPACE REPORT NO. 
TOR-2003(8506)-2699e          


Noise Calculations for Minuteman III Launches  


Prepared 
 


 
 
C. Griffice 
Systems Engineering Directorate 
Office of the Corporate Chief Architect/Engineer 
 


 
 
 
 
 
 


 
 
 
 


 
 
 
 
 
 


 
Approved 
 


 
V. I. Lang, Systems Director 
Systems Engineering Directorate 
Office of the Corporate Chief Architect/Engineer 
 


 
 
 
 
 
 
 


 
The information in a Technical Operating Report is developed for a particular program and is not necessarily of 
broader technical applicability  


 


   







 


 
  
1.1 Abstract 
An overall approach to the assessment of noise impacts associated with the launch and 
flight of a Minuteman III (MM III) missile from Vandenberg Air Force Base is presented.  
Two specific noise analysis results are included in this assessment.  These results show 
launch sonic boom noise levels for typical atmospheric wind conditions.  At the ocean 
surface, launch sonic boom noise gives peak overpressures in the 3.5 to 9.2 pounds per 
square feet (psf) range.  Contour plots of the ocean areas where peak overpressures occur 
are also given.  Secondly, jettisoned components separated from the MM III during flight 
impact the water at speeds estimated to be in the range of 57 to 535 feet per second (fs-1).  
These produce underwater noise pulse levels on the order of 3.28 to 59.5 psf at a range of 
328.084 feet of the MM III component impact point.  The duration of these impact 
overpressures are in the range of 2 to 16 milliseconds (msec). 
 
1.2 Introduction 


For the launch and flight of a Minuteman III (MM III) missile from Vandenberg 
Air Force Base, several events take place that may be possible sources of noise impact on 
the environment. A first noise-producing event is the ground pad launch noise caused by 
rocket exhaust gases escaping the launch motor nozzle.  A second noise-producing event 
occurs when the MM III vehicle accelerates to a velocity higher than the speed of sound 
in air thereby creating a sonic boom that propagates through the atmosphere to the ground 
and/or water below.  In the case of this sonic boom impacting the water, sound then may 
also propagate into the ocean in the form of underwater acoustic energy.  A third noise-
producing event occurs when each of the MM III jettisoned bodies or stage components 
separate from the vehicle and return supersonically toward the ocean.  The underwater 
over-pressure (or noise) associated with this sonic boom can be estimated.  A fourth 
noise-producing event occurs when each of these MM III stages impact the ocean or 
ground surface.  In the case of water impact, this energy creates an energy over-pressure 
that is converted into an acoustic wave that also travels through the water itself.  Finally, 
noise can be created by an anomaly in the events described above or by the anomalous 
operation of the MM III vehicle itself requiring pre-mature vehicle destruction. 


This document describes work associated with the second noise-producing event, 
which is the sonic boom noise created by the MM III launch, and the fourth possible 
noise-producing event of multiple MM III jettisoned bodies impacting the ocean.  In 
addition, the modeling will be restricted to the theoretical values calculated by 
Aerospace’s use of the sonic boom code known as PCBOOM3 produced by H.K. Plotkin 
of Wyle labs.  In addition, the problem of underwater response to a sonic boom as 
modeled by Sawyers [1], Carlson [2,3], Cheng [4-7] and others will not be addressed in 
this document. 
 
1.3 PCBOOM3 Model 
The sonic boom amplitude calculations have been developed for various purposes by 
Wyle Laboratories of Arlington, Virginia [8].   The sonic boom produces a short, low-
frequency pressure pulse at the source and then travels through the modeled atmospheric 
conditions.  Figures 1 and 2 show the time waveforms for typical sonic booms used in 
this analysis.  Figure 1.3.1 shows a typical N-wave sonic boom and figure 1.3.2 shows a 
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typical focused sonic boom.  In the results shown later, the peak impulse pressure in psf 
as shown in Figures 1.3.1 & 1.3.2 are given over impacted areas of the ocean along the 
trajectory of the MM III.  The time duration of the impact noise of these sonic boom 
waveforms in Figures 1.3.1 & 1.3.2 are shown to last less than 250 msec with a 
maximum overpressure of approximately 1.1 psf, for Figure 1.3.1, and 4.1 psf for Figure 
1.3.2. 


 
Figure 1.3.1  Typical N-Waveform Used for PCBOOM3 MMIII Analysis 
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Figure 1.3.2  Typical Focused Sonic Boom Waveform Used for MM III 


 
 
The code used for this effort was PCBoom3 which is based upon the Carlson [2] 
simplified method for the calculation of sonic boom values from accelerating, supersonic 
powered flight with focused effect. The PCBoom3 model [9] has been used by Aerospace 
most recently in sonic boom calculations for the Titan and Atlas launch vehicles. 
 
1.4 PCBOOM3 Results 
MM III launches year round from launch facilities (LF) 4, 9, 10, and 26 at Vandenberg 
Air Force Base (VAFB).  Because all of these pads are so close together, sonic boom 
analysis for only one pad (LF-09) is generated.  The flight azimuth for MM III is 
typically around 265°, as is seen in Figure 1.4.1.  This westerly trajectory does not take 
the vehicle near any islands off of the California coast.  To determine the overpressure of 
the launch a sonic boom calculation code developed by Wyle Laboratories called 
PCBoom3 [9] is used.  Vehicle and atmospheric data is used to generate sonic boom 
isopemps and peak overpressures for MM III launches. 
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Figure 1.4.1: Typical Minuteman III Ground Trace from LF-09 
 


1.4.1. Inputs 
The inputs to PCBoom3 are trajectory data, vehicle plume data, vehicle description, and 
atmospheric data.  For the trajectory a Northrop Grumman Space Technology (NGST) 
trajectory is used.  The plume drag is estimated as 25% of the thrust.  A 60 ft length is 
used for the vehicle and 37 ft is used after stage 1 separation.  For the near field signature 
the canned signatures in PCBoom3 are used.  Because no specific launch date is being 
analyzed overpressure values are computed for four months of the year March, June, 
September, and December.  For the atmosphere the Vandenberg nominal monthly 
atmospheric data [12] is used.  For the wind data the Vandenberg range reference 
monthly mean, +3 sigma, and –3 sigma wind profiles are used [12].  This gives a total of 
twelve atmosphere and wind combinations. 
  
1.4.2. Results 
The sonic boom properties of the MM III trajectory can be better understood by looking 
at the isopemps.  Isopemps are created by the intersection of the ray cone (the cone 
perpendicular to the Mach wave cone) and the ground or ocean.  Isopemps crossing on 
the ground usually represent an area of focusing.  Focusing leads to the highest 
overpressures for a launch.  The isopemps created by MM III at specific trajectory points 
are shown in Figure 2 for a December +3-sigma wind launch.  The spacing of the 
generation time of the isopemps is approximately every 0.9 sec.  The isopemp generation 
time is the time from launch when the ray cone that creates the isopemp is formed. 
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Figure 1.4.2:  Isopemps for December with +3-sigma winds 
 
The first ray cone that intersects the ground is formed at approximately 44.5 sec into the 
trajectory.  The vehicle state at this time (labeled in Figure 1.4.2) shows that the vehicle 
is at Mach 4.2.  None of the ray cones from Mach 1 to 4.2 reach the ground.  Also notice 
the direction the isopemps move from one time to the next.  The first few isopemps are 
progressing uprange until about 51 sec when the isopemps begin moving downrange.  
The vehicle acceleration, flight path angle, and altitude account for this isopemp 
movement.  This area where the isopemps begin shifting direction, and hence begin 
crossing, is where focusing occurs.  This is why the focusing for all of the cases will be at 
the most uprange isopemps.  For the MM III this focusing area is about 25 nautical miles 
(nmi) downrange, and will be the location of the highest overpressures.   
 
These isopemps then translate into the peak overpressures shown in Figure 1.4.3.  Peak 
overpressures represent the highest overpressure experienced by a particular location.  
The lines in the figure represent lines of constant peak overpressure and are shown for 
0.2, 0.5, 1.0 2.0, 3.0, and 4.0 psf.   
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Figure 1.4.3:  Peak Overpressures for December with +3-Sigma Winds with Maximum 
Overpressure of 4.2 psf  


 
The peak overpressures for the remaining eleven cases are modeled in Figures 1.4.7-15.  
Peak overpressures range from about 3.0 to 10.0 psf.   
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  Figure 1.4.4:  Peak Overpressures for December with –3-Sigma Winds with Maximum 
Overpressure of 3.7 psf 
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Figure 1.4.5:  Peak Overpressures for December with Nominal Winds with Maximum 
Overpressure of 4.3 psf 
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Figure 1.4.6:  Peak Overpressures for March with +3-Sigma Winds with Maximum 
Overpressure of 4.6 psf 
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Figure 1.4.7:  Peak Overpressures for March with –3-Sigma Winds with Maximum 
Overpressure of 9.2 psf 
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Figure 1.4.8:  Peak Overpressures for March with Nominal Winds with Maximum 
Overpressure of 7.6 psf 
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Figure 1.4.9:  Peak Overpressures for June with +3-Sigma Winds with Maximum 
Overpressure of 3.3 psf 
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Figure 1.4.10:  Peak Overpressures for June with –3-Sigma Winds with Maximum 
Overpressure of 4.6 psf 
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Figure 1.4.11:  Peak Overpressures for June with Nominal Winds with Maximum 
Overpressure of 3.5 psf 
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Figure 1.4.12:  Peak Overpressures for September with +3-Sigma Winds with Maximum 
Overpressure of 3.5 psf 
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Figure 1.4.13:  Peak Overpressures for September with –3-Sigma Winds with Maximum 
Overpressure of 5.6 psf 
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Figure 1.4.14:  Peak Overpressures for September with Nominal Winds with Maximum 
Overpressure of 5.5 psf 
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1.5 Underwater Noise Produced by Ocean Surface MMIII Jettisoned Object 
Impacts 


When a body of a given mass and ballistic coefficient strikes and enters the ocean, an 
acoustic pulse of short duration [10,11] results.  Figure 1.5.1 shows the MM III object 
components that strike the ocean at various locations along its trajectory shown in 
Figures 1.5.2-3.   The trajectory assumes launch facility #26 (LF-09) as the starting 
location with the final impact of the reentry system near the US Army Kwajalein Atoll in 
the Republic of the Marshall Islands. 
 


 
 


Figure 1.5.1.  Minuteman III Missile Components  
 
 
 


 
 
 


Figure 1.5.2.  Jettisoned MM III Component Impact Locations 
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Figure 1.5.3.  Jettisoned MM III Component Impact Locations 
 
 


Tables 1.5.1 & 1.5.2 give a description of the MM III jettisoned components with 
associated data values that lead to an estimation of the expected underwater 
overpressures.  Table 1.5.1 gives the location of the seven primary components that 
impact the ocean from a nominal MM III launch.  Table 1.5.2 shows data values used in 
the calculation of the amplitude and duration of an acoustic pressure pulse under-water 
that is created by the MM III jettisoned components.  The assumptions in this calculation 
include: 
 


1. The ballistic coefficient of each component is estimated from the weight, size, and shape 
of each jettisoned body. 


2. Weight and size data for the jettisoned bodies are only an approximation. 
3. Velocities at the time of impact are estimated using a trajectory simulation of the falling 


bodies 
4. An estimate of the time for loss of 90 % of the initial velocity (or 99 % of the kinetic 


energy) is: 
T = 9L0/ ν0 where L0 is the component effective area and ν0 is the impact velocity 


5. Approximately one percent of the dissipated kinetic energy of each component will 
radiate away from the ocean impact point in the form of acoustic energy. 


6. The primary under-water frequency component is: F0 (Hz) = 1/(2T) 
7. The under-water impact noise is “attenuated” by an inverse distance relationship from the 


impact point due to geometry considerations only. 
8. The physical effect on a person under-water that is 164.04 feet (50 m) or 328.08 feet (100 


m) from the impact is given in table 1.5.2.  This effect on a human would be a “sharp 
push” that would be felt, but not heard since human hearing does not extend into these 
low frequency ranges.  It should also be noted that this relatively slow-rising pulse is not 
a shock wave. 
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Table 1.5.1 – Jettisoned MMIII Component Impact Data 


 
Description 
of Object 


Jettison 
Time 
From 


Launch 
(second) 


Estimated 
Ballistic 


Coefficient 
(pounds per 
square feet) 


Time of 
Impact 
after 


Launch 
(sec) 


Impact 
Longitude 


(ºE) 


Impact 
Latitude 


(ºN) 


Weight 
(lb) 


Impact 
Velocity 
ν0 (feet 


per 
second) 


1st Stage 
Motor 60.0 59.44 399 -122.66 34.71 4902 228 


1st Inter-
Stage 65.5 10.3 664 -121.75 34.79 271 92 


2nd Stage 
Motor 120.0 49.2 712 -135.25 32.98 1704 208 


2nd Inter-
Stage 121.5 3.9 1348 -135.28 32.97 63 57 


Shroud 150.0 4.12 1508 -146.35 30.40 271 58 
3rd Stage 


Motor 180.0 43.6 1754 168.33 9.72 1105 195 


Re-Entry 
Vehicle -- 300 1599 168.10 9.58 1200 535 


 
Table 1.5.2 – Estimated Underwater Overpressures From MMIII Object Ocean Impacts 
 
Description 
of Object 


Jettison 
Time 
From 


Launch 
(sec) 


L0 
(m) 


T 
(msec)


Mech. 
Power 


(Wx106)


Acoust. 
Power 


(Wx106)


F0 
(Hz)


Source 
(Pa-m) 
(x106) 


Over 
Pressure 
@164 
feet—
50 m 


(pounds 
per 


square 
inch) 


Over 
Pressure 
@328 
feet--
100 m 


(pounds 
per 


square 
inch) 


1st Stage 
Motor 60.0 0.5804 7.517 70.71 0.7071 6.7 0.2847 0.8257 0.4129 


1st Inter-
Stage 65.5 0.1006 3.228 1.482 0.01482 15.5 0.0412 0.1195 0.0598 


2nd Stage 
Motor 120.0 0.4804 6.820 22.55 0.2255 7.3 0.1607 0.4663 0.2331 


2nd Inter-
Stage 121.5 0.0381 1.973 0.2164 0.00216 25.3 0.0158 0.0457 0.0228 


Shroud 150.0 0.0402 2.034 0.9478 0.00948 24.6 0.0330 0.0956 0.0478 
3rd Stage 
Motor 180.0 0.4257 6.447 13.60 0.136 7.8 0.1248 0.3621 0.1810 


Re-Entry 
Vehicle -- 2.9295 16.17 44.31 0.4431 3.1 0.2253 0.6537 0.3268 
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From: Foster, Kevin [mailto:kevin_b_foster@fws.gov] 
Sent: Friday, April 19, 2013 5:45 PM 
To: Hubbs, Mark Edward CIV USARMY SMDC (US) 
Cc: Dan Polhemus; Kristi Young 
Subject: Re: Question about 2006 MMII ERT flights (UNCLASSIFIED) 

HI Mark, 

The Service has completed a review of the Coordinating Draft Supplemental 
Environmental Impact Assessment for Minuteman III Extended Range Flight 
Testing.  Please find attached to this email the Service's comment letter, 
dated today, April 19, 2013.  If you have any questions concerning these 
comments, please feel free to contact me at your convenience.  I can be 
reached by email or phone: 808/792-9420 or by cell 808/779-6226. 

aloha, 

Kevin  

  

Kevin B. Foster 

Region 1 Diving Officer and 

F&W Biologist  

Department of the Interior 

300 Ala Moana Blvd, Rm 3-122         

Honolulu, HI 96850-0001 

w. 808/792-9420 

c. 808/779-6226         fax. 808/792-9581         email: 

kevin_b_foster@fws.gov      

 

  

 

       








































United States Department of the Interior 

In Reply Refer To: 
2013-CPA-0044 

Mr. Mark E. Hubbs 

FISH AND WILDLIFE SERVICE 

Pacific Islands Fish and Wildlife Office 
300 Ala Moana Boulevard, Room 3-122, Box 50088 

Honolulu, Hawaii 96850 

U.S. Space and Missile Defense Command! 
Army Strategic Command (USASMDC/ARSTRAT) 
P.O.Box 1500 
Huntsville, AL 35807-3801 

u.s. 
FISH "WILDLIFE 

SERVICE 

~ 
APR 1 92013 

Subject: Coordinating Draft Supplemental Environmental Assessment for Minuteman III 
Extended Range Flight Testing 

Dear Mr. Hubbs: 

The U.S. Fish and Wildlife Service (Service) has reviewed the Coordinating Draft Supplemental 
Environmental Assessment (CDSEA) for Minuteman III (MMIII) Extended Range Flight 
Testing. The CDSEA was prepared by the U.S. Army Space and Missile Defense Command 
(SMDC)/Army Forces Strategic Command for the U.S. Air Force Global Strike Command 
(USAFGSC) and the U.S. Air Force Nuclear Weapons Center (USAFNWC). The following 
comments have been prepared pursuant to the National Environmental Policy Act of 1969 [42 
U.S.C. 4321 et seq.; 83 Stat. 401], as amended; the Fish and Wildlife Coordination Act (FWCA) 
of 1934 [16 U.S.C. 661 et seq.; 48 Stat. 401], as amended (FWCA); the Endangered Species Act 
of 1973 (16 U.S.c. 1531et seq.; 87 Stat. 884], as amended (ESA); and other authorities 
mandating Service concern for environmental values. Based on these authorities, we offer the 
following comments for your consideration. 

Proposed Action 

The purpose of the MMIII missile system is strategic deterrence, allowing the United States to 
maintain significant capability to strike a challenging nation. The Department of the Air Force is 
proposing to increase the total mission range in the MMIII system to about 6,000 nautical miles 
(nm) and demonstrate the capability of the United States to respond to nuclear threats from 
foreign nations. However, in order to implement this increase, the weapon system must be 
tested. 

TAKE PRIDE®I:E:: ~ 
'NAMERICA~ 
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The MMIII Intercontinental Ballistic Missile (ICBM) is the same vehicle that has been evaluated 
in the MMIII EA (USAF, 2004) and consists of five major sections: three-stage solid-propellant 
booster, propulsion system rocket engine, a missile guidance set, instrumentation wafer, and 
reentry system. Either one Mark 21 Re-entry vehicle (RV) or up to three Mark 12A RVs may be 
deployed on MMIII flight tests. RVs do not contain fissile materials or high explosives. 
However, RVs may contain varying quantities of hazardous materials such as batteries, asbestos, 
depleted uranium and beryllium (2004 EA). 

The proposed project involves Minuteman III Extended Range Flight Testing (MMIII ERFT) 
whereby flights will originate from Vandenberg Air Force Base (AFB), California, traverse the 
central North Pacific and impact south of Babeldaob Island. On test flights, RVs would not 
contain high explosives, but may contain small amounts of hazardous materials as described in 
the 2004 EA. There are no plans to recover RVs, which are expected to sink into deep waters 
upon impact. Approximately two MMIII ERFT flights are planned to be conducted in 2014. A 
Notice to Airmen (NOT AM) and a Notice to Mariners (NOTMAR) will be issued in advance of 
both flights to warn aircraft and vessels of the impending flight and impact. Both RV flights are 
intended to impact at sea approximately eighty nautical miles south, southeast of the islands of 
the Republic of Palau. The RVs will impact either within the Republic of Palau Exclusive 
Economic Zone or within international waters. 

Approximately sixteen Lawrence Livermore National Laboratory Independent Diagnostic 
Scoring System (LIDSS) rafts would be deployed within about four nautical miles from the 
target impact location. Thirteen rafts would support missile tracking radars and meteorological 
equipment and three rafts would contain optical sensors to facilitate RV tracking. Rafts would 
be deployed and retrieved by a Navy Mobile Instrumentation System (NMIS) vessel. 

General Comments 

The CDSEA describes most of the fish and wildlife resources and habitats existing at the 
proposed project site and evaluates many of the potential impacts to those resources anticipated 
to result from the proposed project. However, a few significant, project-related negative impacts 
to fish and wildlife resources may result from the proposed project and these were not analyzed 
in the document. 

For example, the CDEA does not analyze the full range of potential project-related impacts to all 
federally listed species that may be negatively affected by this planned project. We are 
concerned that the federally listed endangered saltwater crocodile, Crocodylus porosus, may be 
negatively affected by MMIII RV direct physical or concussive forces associated with the RV 
impacting the ocean area at high velocity south of Koror State (Oaks 2011, Allen 1974). In 
Palau, the C. porosus population has been estimated between 45 (USFWS 1993) to about 1,500 
remaining animals (Messel and King 1991). These animals are geographically isolated from 
other populations and are genetically distinct (Russello et. ai., 2007). The action originates in 
the United States and may impact on the high seas and the effects from the concussive forces 
could spread even farther. Given that the action area overlaps the range of this population, we 
recommend that SMDC initiate consultation with the Service under Section 7 of the Endangered 
Species Act. 
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Ample documentation suggests a significant fleet of large and medium sized vessels operate 
around the Republic of Palau. Legitimate commercial vessels (Halpern 2008, Sefa Newandra, 
SPREP 2012, Ghose 2010) have documented to transit in areas west, south and east of Palau. 
Also, illegitimate fishing activities (PIR 2003, Lee I-chia 2011, Gerundio-Dizon 2012, AFP 2012 
and Carreon 2012) have been documented to occur south of Koror. We are of the opinion that 
both legitimate and illegitimate vessel activity operating to the south of Koror represents a risk in 
the event an MMIII RV impacts at the planned target area since vessel petroleum products may 
be released and mobilized in the water column. If the government of the Republic of Palau does 
not respond to recovery petroleum products immediately, sensitive sea turtle nesting habitat may 
be compromised. 

Nesting populations of the federally listed endangered hawksbill sea turtle (Eretmochelys 
imbricata) and the threatened green sea turtle (Chelonia mydas) have been documented in the 
Rock Islands Southern Lagoon area of Koror State, Helen Island and Merir Island located south 
of Koror (NMFS and USFWS 1998, Matthews 2005, Klain 2007). Sea turtle nesting sites may 
be at risk of impact due to petroleum products in the event vessels operating in the vicinity of the 
target impact site are compromised and leak fuel., Therefore, we recommend that the draft EA 
include a risk analysis of the potential affects that may be associated with planned MMIII RV 
impacts on all vessel traffic within the identified target area. We recommend that the draft EA 
discuss plans to contain and remove petroleum products at sea and prevent fuel-related impacts 
to nesting sea turtle sites. In addition, we recommend that SMDC initiate consultation for 
nesting sea turtles with the Service under Section 7 of the Endangered Species Act. 
Furthermore, we recommend that the appropriate emergency responders for the Republic of 
Palau be identified in a draft EA. 

Palau Environmental Quality Protection Board 
P.D.Box 8086 
Koror 
Republic of Palau 96940 
Telephone: 680-488-1639/3600 

Malakal Port Authority 
Telepone: 680-488-2496 

Specific Comments 

Page 1-4. The CDSEA states, "A biological assessment (KA YA, 2013) was submitted to NMFS 
for its review." We are concerned that a biological assessment was not submitted to the USFWS 
for review. It is feasible that resources, including federally listed species under USFWS 
jurisdiction (e.g., nesting sea turtles and saltwater crocodile) may be negatively impacted by this 
planned project. Therefore, we recommend that SMDC provide the Service with a biological 
assessment and initiate consultation under Section 7 of the Endangered Species Act with the 
Service. 
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Page 3-3. Paragraph 1. Sentence 2. The CDSEA states, "This includes having spill prevention, 
control, and countermeasure (SPCC) plans in place in the event of a spill or release of hazardous 
materials, with procedures for disposing of waste following a spill event cleanup." We 
recommend spill response measures include the recovery of petroleum products at the planned 
impacts site, south of Palau. We also recommend that spill response measures include enough 
boom and product recovery equipment to collect significant quantities of product over a large 
area. Finally, we recommend that the Draft EA describe where recovered petroleum products 
would be disposed. 

Page 3-11. Table 3-1 List Species Known or Expected to Occur within the Proposed Impact 
Areas. The current table does not include the federally listed endangered saltwater crocodile, 
Crocodylus porosus. We recommend the table be amended to include Crocodylus porosus. 

The Service appreciates the opportunity to comment on the proposed MMIII planned operation. 
If you have any questions regarding these comments, please contact Marine Ecologist Kevin 
Foster by telephone at (808) 792-9420 or Contaminants Biologist Michael Fry at 808-792-9461. 

Sincerely, 

~7<-
J'oR...Loyal Mehrhoff 

Field Supervisor 
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Figure 1. A Global Map of Human Impact on Marine Ecosystems. Contact: B. Halpern (2008). 
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Figure 2. A Year of Global Shipping Routes Mapped by GPS. Contact Tia Ghose (2010). 
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Figure 3. Satellite data from the paths taken by all shipping with tracking beacons. Contact Sefa 
Newandra (2012). 
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From: Donald Hubner
To: Hubbs, Mark Edward CIV USARMY SMDC (US)
Cc: Opay, Patrick CIV (US); Hendrix, Clayton; Hasley, David C CIV USARMY SMDC (US)
Subject: Minuteman III ERTF ESA Consultation - Leatherback Critical Habitat off California 
Date: Monday, April 29, 2013 9:18:16 PM 

Hello Mark, 
I must apologize for not raising the question of potential impacts on 
designated critical habitat (CH) for leatherback sea turtles in my 
initial comments on the BA. 
NMFS designated CH for leatherbacks along the west coast of the US just 
over a year ago (January 26, 2012).  See 77 FR 4170 at: 
http://www.nmfs.noaa.gov/pr/pdfs/fr/fr77-4170.pdf.  CH includes the area 
off the California coast between Point Arena and Point Arguello, out to 
the 3,000 m isobath ("Area 7") (at page 4187, and Figure 1 at page 4188). 

The final rule listed 1 Primary Constituent Element (PCE) essential to 
the conservation of leatherbacks:  "The occurrence of prey species...of 
sufficient condition, distribution, diversity, abundance, and density 
necessary to support... "(at page 4191). 

I am unable to ascertain whether or not the impact zone for spent first 
stage rocket motors overlaps with Area 7.  Please confirm whether or not 
spent first stage rocket motors would impact within designated CH.  A 
"no effect" determination would be justified if the impact zone is 
outside of the designated area.  If the motors would impact within CH, 
please make an effects determination for potential impacts on the PCE of 
the CH.  Based on what I understand from the BA, a "not likely to 
adversely affect" determination might be justified, and I expect that 
your discussion about the small area of impact, combined with the 
discussion about low concentrations of toxics, fast dilution, and the 
expectation for components to quickly sink to depths where they would 
have no impacts would help inform your assessment. 

I await your response about CH impacts, and in the meantime will have 
the draft ESA Letter of Concurrence ready to go (with the exception of 
the CH assessment). 
Thanks, Don 

-- 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 

mailto:donald.hubner@noaa.gov
mailto:mark.e.hubbs.civ@mail.mil
mailto:patrick.opay@noaa.gov
mailto:Clayton.Hendrix@tbe.com
mailto:david.c.hasley.civ@mail.mil
http://www.nmfs.noaa.gov/pr/pdfs/fr/fr77-4170.pdf


From: Donald Hubner
To: Hubbs, Mark Edward CIV USARMY SMDC (US)
Cc: Opay, Patrick CIV (US); Hendrix, Clayton; Hasley, David C CIV USARMY SMDC (US)
Subject: Minuteman III ERTF ESA Consultation - Leatherback Critical Habitat off California and NWHI 
Date: Monday, April 29, 2013 10:13:46 PM 

Hello again Mark, 
Forgive me for hitting send before completing my thought about CH.  In addition to 
the CA CH, we have designated and proposed CH in the NWHI that could be 
affected and needs to be addressed (see below for synopsis for draft LOC). 

The flight paths of both missiles would cross designated critical habitat (DCH) for 
leatherback sea turtles off the coast of California, and for Hawaiian monk seals in the 
Northwest Hawaiian Islands (NWHI).  Critical habitat was designated under the ESA for the 
Hawaiian monk seal on May 26, 1988 (53 FR 18988).  DCH extends from shore to a depth of 
20 fathoms in ten areas of the NWHI.  On June 2, 2011, NMFS proposed to expand monk seal 
critical in the NWHI, to include new islands (including Sand Island at Midway), and to 
redefine the terrestrial limits to include all beach areas and the deepest inland extent of beach 
crest vegetation, and to extend the marine limits out to the 500 meter isobath.  The proposal 
also includes several areas in the Main Hawaiian Islands (76 FR 32026).  Critical habitat was 
designated under the ESA for the leatherback sea turtles along the west coast of the 
continental U.S. on January 26, 2012 (77 FR 4170).  Leatherback DCH includes the area off 
the California coast between Point Arena and Point Arguello, out to the 3,000 m isobath 
(Area 7). 

Please include in your CH assessment, whether or not the flight paths cross the 
NWHI, and whether or not the sonic boom would reach the surface at any of the 
NWHI.  If so, describe the intensity and duration of the events, and determine if it 
would result in adverse effect.  You should restate the expected distance from the 
closest missile component impact areas, hence impacts would have no effect, 
whereas the the two brief sonic booms would have no adverse affects on DCH.  I see 
no likelihood for destruction or adverse modification of DCH for either CH area. 
Give me a call when you get back into the office to discuss this. Thanks, Don 

-- 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 

mailto:donald.hubner@noaa.gov
mailto:mark.e.hubbs.civ@mail.mil
mailto:patrick.opay@noaa.gov
mailto:Clayton.Hendrix@tbe.com
mailto:david.c.hasley.civ@mail.mil
http://www.nmfs.noaa.gov/pr/pdfs/fr/fr77-4170.pdf


From: Hubbs, Mark Edward CIV USARMY SMDC (US)
To: Hubner, Donald M CIV (US)
Cc: Opay, Patrick CIV (US); Hendrix, Clayton; Hasley, David C CIV USARMY SMDC (US)
Subject: RE: Minuteman III ERTF ESA Consultation - Leatherback Critical Habitat off California 

and NWHI (UNCLASSIFIED) 
Date: Thursday, May 02, 2013 2:12:13 PM 

Classification: UNCLASSIFIED 
Caveats: NONE 

Don, 

I got your voice mail.  I appreciate you getting back to me.  I'll be out of 
the office tomorrow, so I'll call next week.  I think I understand what 
needs to be done based your voice mail and we will work to comply with what 
you need and provide that to you. 

Thanks 

Mark Hubbs 
US Army Space & Missile Defense Command 
Env. Protection Specialist/Archaeologist 
256-955-2608 Office 

mailto:mark.e.hubbs.civ@mail.mil
mailto:donald.hubner@noaa.gov
mailto:patrick.opay@noaa.gov
mailto:Clayton.Hendrix@tbe.com
mailto:david.c.hasley.civ@mail.mil
mailto:donald.hubner@noaa.gov


From: Hubbs, Mark Edward CIV USARMY SMDC (US)
To: Hubner, Donald M CIV (US)
Cc: Opay, Patrick CIV (US); Hendrix, Clayton; Hasley, David C CIV USARMY SMDC (US)
Subject: RE: Minuteman III ERTF ESA Consultation - Leatherback Critical Habitat off California and NWHI

(UNCLASSIFIED)
Date: Tuesday, May 07, 2013 2:31:01 PM
Attachments: MMIII ERFT NMFS RESPONSES 07May13.docx

Classification: UNCLASSIFIED 
Caveats: NONE 

Don, 

Sorry for the delay in responding to this.  Attached is a memo with 
responses to the critical habitat concerns you had with the MMIII ERT 
Biological Assessment.  I was not certain as to what format I should use for this 
additional information. If this is not an appropriate format, please 
let me know and I will adjust it however you prefer.  I hope that we have 
satisfied your critical habitat concerns with this memo. 

Thanks 

Mark Hubbs 
US Army Space & Missile Defense Command 
Env. Protection Specialist/Archaeologist 
256-955-2608 Office 

 

mailto:mark.e.hubbs.civ@mail.mil
mailto:donald.hubner@noaa.gov
mailto:patrick.opay@noaa.gov
mailto:Clayton.Hendrix@tbe.com
mailto:david.c.hasley.civ@mail.mil
mailto:donald.hubner@noaa.gov

Minuteman III Extended Range Flight Testing 		07 May 2013

MEMORANDUM



SUBJECT: Responses to additional questions concerning critical habitats in the MMIII Extended Range Test Biological Assessment, April 2012



FROM: Mr. Mark Hubbs, US Army Space and Missile Defense Command



TO: Mr Donald Hubner, National Marine Fisheries





DON HUBNER, NMFS “I am unable to ascertain whether or not the impact zone for spent first stage rocket motors overlaps with Area 7…Please confirm whether or not spent first stage rocket motors would impact within designated CH.   A "no effect" determination would be justified if the impact zone is outside of the designated area.”



RESPONSE: The Area 7 Designated Critical Habitat (DCH) for leatherback sea turtles, with a western boundary at the 3,000 meter (9,843 feet) isobath, extends at its widest point less than 100 miles (approximately 75 miles) off the California coast, based on the map and scale provide in the Federal Register, Vol. 77, No. 17, Thursday, January 26, 2012.  According to the MMIII ERFT Supplemental Environmental Assessment (MMIII ERFT SEA), the spent first-stage rocket motor for the Minuteman III Extended Range Flight Testing (MMIII ERFT) is expected to splash down 105 nautical miles (120 statute miles) from the California coast, well outside of the Area 7 DCH.  Therefore, there would be no effect to leatherback sea turtles or the Area 7 DCH from MMIII ERFT.





DON HUBNER, NMFS “… we have designated and proposed CH in the NWHI that could be affected and needs to be addressed (see below for synopsis for draft LOC).



“The flight paths of both missiles would cross designated critical habitat (DCH)…for Hawaiian monk seals in the Northwest Hawaiian Islands (NWHI).  Critical habitat was designated under the ESA for the Hawaiian monk seal on May 26, 1988 (53 FR 18988).  DCH extends from shore to a depth of 20 fathoms in ten areas of the NWHI.  On June 2, 2011, NMFS proposed to expand monk seal critical in the NWHI, to include new islands (including Sand Island at Midway), and to redefine the terrestrial limits to include all beach areas and the deepest inland extent of beach crest vegetation, and to extend the marine limits out to the 500 meter isobath.  The proposal also includes several areas in the Main Hawaiian Islands (76 FR 32026)…Please include in your CH assessment, whether or not the flight paths cross the NWHI, and whether or not the sonic boom would reach the surface at any of the NWHI. If so, describe the intensity and duration of the events, and determine if it would result in adverse effect. You should restate the expected distance from the closest missile component impact areas, hence impacts would have no effect, whereas the two brief sonic booms would have no adverse affects on DCH.”



RESPONSE: Both MMIII ERFT flight paths cross the NWHI.  The heights of the MMIII missiles at those points along the trajectory are sensitive data and, therefore, not readily available.  The flight path apogees occur downrange at extremely high, exo-atmospheric altitude.  Under suitable atmospheric conditions a very low intensity sonic boom may be barely perceptible at the water surface within the northern portion of the NWHI.  If noticed at all, the acoustical event would last milliseconds and would be perceived as both faint and distant. Therefore, the two very low intensity sonic booms from MMIII ERFT may affect, but would not adversely affect Hawaiian monk seals and their designated or proposed critical habitat.



The closest missile component impacts would occur hundreds of miles to the east and southwest of the NWHI. There would be no effect to Hawaiian monk seals, or to their designated or proposed critical from missile component impacts from either of the two MMIII ERFT flights. 
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MEMORANDUM 
 
SUBJECT: Responses to additional questions concerning critical habitats in the MMIII Extended Range 
Test Biological Assessment, April 2012 
 
FROM: Mr. Mark Hubbs, US Army Space and Missile Defense Command 
 
TO: Mr Donald Hubner, National Marine Fisheries 
 
 
DON HUBNER, NMFS “I am unable to ascertain whether or not the impact zone for spent first stage 
rocket motors overlaps with Area 7…Please confirm whether or not spent first stage rocket motors would 
impact within designated CH.   A "no effect" determination would be justified if the impact zone is 
outside of the designated area.” 
 
RESPONSE: The Area 7 Designated Critical Habitat (DCH) for leatherback sea turtles, with a western 
boundary at the 3,000 meter (9,843 feet) isobath, extends at its widest point less than 100 miles 
(approximately 75 miles) off the California coast, based on the map and scale provide in the Federal 
Register, Vol. 77, No. 17, Thursday, January 26, 2012.  According to the MMIII ERFT Supplemental 
Environmental Assessment (MMIII ERFT SEA), the spent first-stage rocket motor for the Minuteman III 
Extended Range Flight Testing (MMIII ERFT) is expected to splash down 105 nautical miles (120 statute 
miles) from the California coast, well outside of the Area 7 DCH.  Therefore, there would be no effect to 
leatherback sea turtles or the Area 7 DCH from MMIII ERFT. 
 
 
DON HUBNER, NMFS “… we have designated and proposed CH in the NWHI that could be affected 
and needs to be addressed (see below for synopsis for draft LOC). 
 
“The flight paths of both missiles would cross designated critical habitat (DCH)…for Hawaiian monk 
seals in the Northwest Hawaiian Islands (NWHI).  Critical habitat was designated under the ESA for the 
Hawaiian monk seal on May 26, 1988 (53 FR 18988).  DCH extends from shore to a depth of 20 fathoms 
in ten areas of the NWHI.  On June 2, 2011, NMFS proposed to expand monk seal critical in the NWHI, 
to include new islands (including Sand Island at Midway), and to redefine the terrestrial limits to include 
all beach areas and the deepest inland extent of beach crest vegetation, and to extend the marine limits out 
to the 500 meter isobath.  The proposal also includes several areas in the Main Hawaiian Islands (76 FR 
32026)…Please include in your CH assessment, whether or not the flight paths cross the NWHI, and 
whether or not the sonic boom would reach the surface at any of the NWHI. If so, describe the intensity 
and duration of the events, and determine if it would result in adverse effect. You should restate the 
expected distance from the closest missile component impact areas, hence impacts would have no effect, 
whereas the two brief sonic booms would have no adverse affects on DCH.” 
 
RESPONSE: Both MMIII ERFT flight paths cross the NWHI.  The heights of the MMIII missiles at 
those points along the trajectory are sensitive data and, therefore, not readily available.  The flight path 
apogees occur downrange at extremely high, exo-atmospheric altitude.  Under suitable atmospheric 
conditions a very low intensity sonic boom may be barely perceptible at the water surface within the 
northern portion of the NWHI.  If noticed at all, the acoustical event would last milliseconds and would 
be perceived as both faint and distant. Therefore, the two very low intensity sonic booms from MMIII 
ERFT may affect, but would not adversely affect Hawaiian monk seals and their designated or proposed 
critical habitat. 
 



Minuteman III Extended Range Flight Testing   07 May 2013 

The closest missile component impacts would occur hundreds of miles to the east and southwest of the 
NWHI. There would be no effect to Hawaiian monk seals, or to their designated or proposed critical from 
missile component impacts from either of the two MMIII ERFT flights.  



From: Donald Hubner
To: Hubbs, Mark Edward CIV USARMY SMDC (US)
Cc: Hendrix, Clayton; Hasley, David C CIV USARMY SMDC (US)
Subject: Re: Minuteman III ERTF ESA Consultation - Leatherback Critical Habitat off California 

and NWHI (UNCLASSIFIED) 
Date: Wednesday, May 08, 2013 4:08:42 PM 

Thank you Mark, 
The ESA Letter of Concurrence is in review.  I'll send it along to you 
as soon as it gets signed. 
Don 

-- 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 

mailto:donald.hubner@noaa.gov
mailto:mark.e.hubbs.civ@mail.mil
mailto:Clayton.Hendrix@tbe.com
mailto:david.c.hasley.civ@mail.mil
mailto:donald.hubner@noaa.gov


From: Hubbs, Mark Edward CIV USARMY SMDC (US)
To: Hubner, Donald M CIV (US)
Cc: Hendrix, Clayton
Subject: MMII ETR Bio Assessment adendum (UNCLASSIFIED)
Date: Thursday, May 09, 2013 2:44:13 PM
Attachments: MMIII ERFT BA Adendum.docx

Classification: UNCLASSIFIED
Caveats: NONE

Don,

Here is an updated version of the document we spoke about.  Let me know if
this fills the Critical Habitat data gaps that NMF is concerned about.

Thanks

Mark Hubbs
US Army Space & Missile Defense Command
Env. Protection Specialist/Archaeologist
256-955-2608 Office

Classification: UNCLASSIFIED
Caveats: NONE

mailto:mark.e.hubbs.civ@mail.mil
mailto:donald.hubner@noaa.gov
mailto:Clayton.Hendrix@tbe.com
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MEMORANDUM



SUBJECT: Additional information concerning critical habitats for leatherback sea turtles and Hawaiian monk seals for the MMIII Extended Range Test Biological Assessment, April 2012



FROM: Mr. Mark Hubbs, US Army Space and Missile Defense Command



TO: Mr Donald Hubner, National Marine Fisheries



Leatherback Sea Turtle (Dermochelys coriacea)



The Area 7 Designated Critical Habitat (DCH) for leatherback sea turtles, has a western boundary at the 3,000 meter (9,843 feet) isobath, and extends at its widest point less than approximately 75 miles off the California coast.  The bottom edge of Area 7 DCH is opposite of the launch site at Vandenberg AFB.  This is based on the map and scale provide in the Federal Register, Vol. 77, No. 17, Thursday, January 26, 2012.  According to the MMIII ERFT Supplemental Environmental Assessment (MMIII ERFT SEA), the spent first-stage rocket motor for the Minuteman III Extended Range Flight Testing (MMIII ERFT) is expected to splash down 105 nautical miles (120 statute miles) from the California coast, well outside of the Area 7 DCH.  Therefore, there would be no effect to leatherback sea turtles or the Area 7 DCH from MMIII ERFT activities.





Hawaiian Monk Seal (Monachus schauinslandi)



The flight paths of both missiles would cross designated DCH for Hawaiian monk seals in the Northwest Hawaiian Islands (NWHI).  Critical habitat was designated under the ESA for the Hawaiian monk seal on May 26, 1988 (53 FR 18988).  DCH extends from shore to a depth of 20 fathoms in ten areas of the NWHI.  On June 2, 2011, NMFS proposed to expand monk seal critical in the NWHI, to include new islands (including Sand Island at Midway), and to redefine the terrestrial limits to include all beach areas and the deepest inland extent of beach crest vegetation, and to extend the marine limits out to the 500 meter isobath.  The proposal also includes several areas in the Main Hawaiian Islands (76 FR 32026.)



The heights of the MMIII missiles at those points along the trajectory are sensitive data and, therefore, not available to be used in un-classified documentation.  However, the flight path apogees occur downrange at extremely high, exo-atmospheric altitudes.  Under suitable atmospheric conditions a very low intensity sonic boom may be barely perceptible at the water surface within the northern portion of the NWHI.  If noticed at all, the acoustical event would last milliseconds and would be perceived as both faint and distant.  Therefore, the two very low intensity sonic booms from MMIII ERFT may affect, but would not adversely affect Hawaiian monk seals and their designated or proposed critical habitat.



The closest missile component impacts would occur hundreds of miles to the east and southwest of the NWHI.  There would be no effect to Hawaiian monk seals, or to their designated or proposed critical from missile component impacts from either of the two MMIII ERFT flights. 
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MEMORANDUM 
 
SUBJECT: Additional information concerning critical habitats for leatherback sea turtles and Hawaiian 
monk seals for the MMIII Extended Range Test Biological Assessment, April 2012 
 
FROM: Mr. Mark Hubbs, US Army Space and Missile Defense Command 
 
TO: Mr Donald Hubner, National Marine Fisheries 
 
Leatherback Sea Turtle (Dermochelys coriacea) 
 
The Area 7 Designated Critical Habitat (DCH) for leatherback sea turtles, has a western boundary at the 
3,000 meter (9,843 feet) isobath, and extends at its widest point less than approximately 75 miles off the 
California coast.  The bottom edge of Area 7 DCH is opposite of the launch site at Vandenberg AFB.  
This is based on the map and scale provide in the Federal Register, Vol. 77, No. 17, Thursday, January 
26, 2012.  According to the MMIII ERFT Supplemental Environmental Assessment (MMIII ERFT SEA), 
the spent first-stage rocket motor for the Minuteman III Extended Range Flight Testing (MMIII ERFT) is 
expected to splash down 105 nautical miles (120 statute miles) from the California coast, well outside of 
the Area 7 DCH.  Therefore, there would be no effect to leatherback sea turtles or the Area 7 DCH from 
MMIII ERFT activities. 
 
 
Hawaiian Monk Seal (Monachus schauinslandi) 
 
The flight paths of both missiles would cross designated DCH for Hawaiian monk seals in the Northwest 
Hawaiian Islands (NWHI).  Critical habitat was designated under the ESA for the Hawaiian monk seal on 
May 26, 1988 (53 FR 18988).  DCH extends from shore to a depth of 20 fathoms in ten areas of the 
NWHI.  On June 2, 2011, NMFS proposed to expand monk seal critical in the NWHI, to include new 
islands (including Sand Island at Midway), and to redefine the terrestrial limits to include all beach areas 
and the deepest inland extent of beach crest vegetation, and to extend the marine limits out to the 500 
meter isobath.  The proposal also includes several areas in the Main Hawaiian Islands (76 FR 32026.) 
 
The heights of the MMIII missiles at those points along the trajectory are sensitive data and, therefore, not 
available to be used in un-classified documentation.  However, the flight path apogees occur downrange 
at extremely high, exo-atmospheric altitudes.  Under suitable atmospheric conditions a very low intensity 
sonic boom may be barely perceptible at the water surface within the northern portion of the NWHI.  If 
noticed at all, the acoustical event would last milliseconds and would be perceived as both faint and 
distant.  Therefore, the two very low intensity sonic booms from MMIII ERFT may affect, but would not 
adversely affect Hawaiian monk seals and their designated or proposed critical habitat. 
 
The closest missile component impacts would occur hundreds of miles to the east and southwest of the 
NWHI.  There would be no effect to Hawaiian monk seals, or to their designated or proposed critical from 
missile component impacts from either of the two MMIII ERFT flights.  

http://en.wikipedia.org/wiki/Monachus�
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MEMORANDUM 
 
SUBJECT: Additional information concerning critical habitats for leatherback sea turtles and Hawaiian 
monk seals for the MMIII Extended Range Test Biological Assessment, April 2012 
 
FROM: Mr. Mark Hubbs, US Army Space and Missile Defense Command 
 
TO: Mr Donald Hubner, National Marine Fisheries 
 
Leatherback Sea Turtle (Dermochelys coriacea) 
 
The Area 7 Designated Critical Habitat (DCH) for leatherback sea turtles, has a western boundary at the 
3,000 meter (9,843 feet) isobath, and extends at its widest point less than approximately 75 miles off the 
California coast.  The bottom edge of Area 7 DCH is opposite of the launch site at Vandenberg AFB.  
This is based on the map and scale provide in the Federal Register, Vol. 77, No. 17, Thursday, January 
26, 2012.  According to the MMIII ERFT Supplemental Environmental Assessment (MMIII ERFT SEA), 
the spent first-stage rocket motor for the Minuteman III Extended Range Flight Testing (MMIII ERFT) is 
expected to splash down 105 nautical miles (120 statute miles) from the California coast, well outside of 
the Area 7 DCH.  Therefore, there would be no effect to leatherback sea turtles or the Area 7 DCH from 
MMIII ERFT activities. 
 
 
Hawaiian Monk Seal (Monachus schauinslandi) 
 
The flight paths of both missiles would cross designated DCH for Hawaiian monk seals in the Northwest 
Hawaiian Islands (NWHI).  Critical habitat was designated under the ESA for the Hawaiian monk seal on 
May 26, 1988 (53 FR 18988).  DCH extends from shore to a depth of 20 fathoms in ten areas of the 
NWHI.  On June 2, 2011, NMFS proposed to expand monk seal critical in the NWHI, to include new 
islands (including Sand Island at Midway), and to redefine the terrestrial limits to include all beach areas 
and the deepest inland extent of beach crest vegetation, and to extend the marine limits out to the 500 
meter isobath.  The proposal also includes several areas in the Main Hawaiian Islands (76 FR 32026.) 
 
The heights of the MMIII missiles at those points along the trajectory are sensitive data and, therefore, not 
available to be used in un-classified documentation.  However, the flight path apogees occur downrange 
at extremely high, exo-atmospheric altitudes.  Under suitable atmospheric conditions a very low intensity 
sonic boom may be barely perceptible at the water surface within the northern portion of the NWHI.  If 
noticed at all, the acoustical event would last milliseconds and would be perceived as both faint and 
distant.  Therefore, the two very low intensity sonic booms from MMIII ERFT may affect, but would not 
adversely affect Hawaiian monk seals and their designated or proposed critical habitat. 
 
The closest missile component impacts would occur hundreds of miles to the east and southwest of the 
NWHI.  There would be no effect to Hawaiian monk seals, or to their designated or proposed critical from 
missile component impacts from either of the two MMIII ERFT flights.  

http://en.wikipedia.org/wiki/Monachus�


From: Donald Hubner
To: Hubbs, Mark Edward CIV USARMY SMDC (US)
Cc: Hendrix, Clayton
Subject: Re: MMIII ETR Bio Assessment addendum (UNCLASSIFIED) 
Date: Thursday, May 09, 2013 4:24:26 PM 

Thank you Mark, 
This is good!  The LOC is in review, and I will send it to you as soon 
as it gets signed. 
Don 

-- 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 

mailto:donald.hubner@noaa.gov
mailto:mark.e.hubbs.civ@mail.mil
mailto:Clayton.Hendrix@tbe.com


From: Donald Hubner
To: Hubbs, Mark Edward CIV USARMY SMDC (US)
Cc: Opay, Patrick CIV (US); Hendrix, Clayton; Hasley, David C CIV USARMY SMDC (US); Danielle Jayewardene; Dan

Polhemeus
Subject: NMFS ESA LOC for the USAF Minuteman III ERTF Through 2014
Date: Thursday, May 16, 2013 7:15:39 PM
Attachments: 1077 - USAF - Minuteman III ERFT LOC Signed 05-16-13.PDF

Hello Mark and All,
A pdf copy of the signed NMFS ESA LOC to the USAF for the Minuteman III
ERTF through 2014 is attached.
Aloha, Don

--
Donald M. Hubner
Endangered Species Biologist
NOAA/NMFS Pacific Islands Regional Office
1601 Kapiolani Blvd. Ste 1110
Honolulu, HI 96814
(808) 944-2233

mailto:donald.hubner@noaa.gov
mailto:mark.e.hubbs.civ@mail.mil
mailto:patrick.opay@noaa.gov
mailto:Clayton.Hendrix@tbe.com
mailto:david.c.hasley.civ@mail.mil
mailto:Danielle.Jayewardene@noaa.gov
mailto:dan_polhemus@fws.gov
mailto:dan_polhemus@fws.gov



























Mr. Mark Hubbs 
Environmental SpecialistJ Archaeologist 
DCSEN - Environmental 
U.S. Army Space and Missile Defense Command 
P.O. Box 1500 
Huntsville, AL 35807 

Dear Mr. Hubbs: 

u.s. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Pacific Islands Regional Office 
1601 Kapiolani Blvd., Suite 1110 
Honolulu, Hawaii 96814-4700 
(808) 944-2200 • Fax: (808) 973-2941 

MAY 16 2013 

The National Marine Fisheries Service (NMFS) received your April 18, 2013 letter requesting 
informal consultation, under the Endangered Species Act (ESA), for the U.S. Air Force (USAF) 
proposal to conduct two Minuteman III Intercontinental Ballistic Missile (ICBM) Extended 
Range Test Flights through the year 2014. On behalf of the USAF, your letter stated their 
determination that the proposed project is not likely to adversely affect marine resources in the 
area, and requested our concurrence with that determination. This letter responds to your 
request, under section 7 of the Endangered Species Act of 1973, as amended (16 U.S.C. §1531 et 
seq.). 

Proposed Action! Action Area: The proposed action is described in your letter and in the 
attached biological assessment (BA) for the proposed action (USAF 2013). In summary, the 
proposed action consists of the USAF conducting up to two Extended Range Test Flights 
(ERTF) of the Minuteman III Intercontinental Ballistic Missile (ICBM). Both flights would 
carry a single, inert (non-explosive) reentry vehicle (RV). The missiles would be launched in 
separate events, from existing facilities at Vandenberg Air Force Base (AFB), California. The 
flight paths of both missiles would cross the Northwest Hawaiian Islands close to Midway 
Island, with RV impact zones in international waters within the Exclusive Economic Zone (EEZ) 
of Palau (referred to as the broad ocean area or BOA in the BA). Prior to each flight, support 
vessels would launch autonomous monitoring floats in the BOA then recover them soon after 
each impact. Each flight would result in mid-course impacts from booster stages and other 
missile components that would fall away from the missile as they are expended. All components 
are expected to land in deep water, well away from populated areas. The project includes 
conservation measures intended to reduce the introduction of toxic materials and other wastes, as 
well as avoiding collisions during vessel operations. Vessel operators are also tasked with 
reporting protected species in the target area prior to launch, and to report any indication of 
interactions should any be observed. 



The action area for this consultation exciudes the launch phase at Vandenberg because launch 
activities from that facility are covered under existing programmatic consultations under the ESA 
and the Marine Mammal Protection Act (MMPA). The action area begins about 25 miles off 
shore from Vandenberg where 'the sonic b0'om of the accelerating missiles would reach the ocean 
surface, and inciudes the relatively narrow band of ocean area directly under the flight path, out 
to the RV impact area near the Republic of Palau. The action area also inciudes the area 
immediately around support vessels used to monitor the RV impacts. 

Listed Species/Critical Habitat: The USAF determined that following ESA-listed species under 
NMFS jurisdiction may be affected by the proposed action: green sea turtles (Chelonia mydas), 
hawksbill sea turtles (Eretmochelys imbricata), leatherback sea turtles (Dermochelys coriacea), 
loggerhead sea turtles (Caretta caretta), olive ridley sea turtles (Lepidochelys olivacea), blue 
whales (Balaenoptera musculus), fin whales (Balaenoptera physalus), humpback whales 
(Megaptera novaeangliae), sei whales (Balaenoptera borealis), and sperm whales (Physeter 
macrocephalus). No other ESA-listed marine species are expected to be affected by the 
proposed action. Detailed information about the biology, habitat, and conservation status of sea 
turtles and marine mammals can be found in their recovery plans and other sources at 
http://www.nmfs.noaa.gov/pr/species/turtles/ and 
http://www .nmfs .noaa.gov /pr/species/mammals/. 

Critical Habitat: The flight paths of both missiles would cross designated critical habitat (OCH) 
for leatherback sea turtles off the coast of California, and for Hawaiian monk seals in the 
Northwest Hawaiian Islands (NWHI). Critical habitat was designated under the ESA for the 
leatherback sea turtles along the west coast of the continental U.S. on January 26, 2012 (77 FR 
4170). Leatherback DCH inciudes the area off the California coast between Point Arena and 
Point Arguello, out to the 3,000 m isobath (Area 7). As described in supplemental information 
provided by the USAF (USAF 2013b), the USAF has determined the proposed action would 
have no effect on DCH for leatherback turtles. 

Critical habitat was designated under the ESA for Hawaiian monk seals on May 26, 1988 (53 FR 
18988), extending from shore to a depth of 20 fathoms in ten areas of the NWHI. On June 2, 
2011, NMFS proposed to expand monk seal critical habitat (PC H) (76 FR 32026). This would 
inciude additional areas in the NWHI (inciuding Sand Island at Midway), and would redefine the 
lateral limits to inciude all beach areas and the deepest inland extent of beach crest vegetation, 
and to extend the marine limits out to the 500 meter isobath. The USAF determined the sonic 
booms of the proposed action may affect DCH and PCH for Hawaiian monk seals. 

Analysis of Effects: In order to determine that a proposed action is not likely to adversely affect 
listed species, NMFS must find that the effects of the proposed action are expected to be 
insignificant, discountable, or beneficial as defined in the joint USFWS-NMFS Endangered 
Species Consultation Handbook: (1) insignificant effects relate to the size of the impact and 
should never reach the scale where take occurs~ (2) discountable effects are those that are 
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extremely unlikely to occur; and (3) beneficial effects are positive effects without any adverse 
effects (USFWS & NMFS 1998). This standard, as well as consideration of the probable 
duration, frequency, and severity of potential interactions, was applied during the analysis of 
effects of the proposed action on ESA-listed marine species, as is described in the USAF BA, 
and amplified in the NMFS memorandum to the record for this consultation (NMFS 2013). In 
the BA, the USAF determined that project-related exposure to elevated noise levels; impact of 
falling missile components; exposure to hazardous materials; disturbance from human activity 
and equipment operation; and collision with vessels may affect but is not likely to adversely 
affect ESA-listed marine mammals and sea turtles. As described in the BA and the supplemental 
information, the sonic booms would be barely discernible at sea level in the NWHI and would 
last only a fraction of a second. As such, the USAF has determined that the proposed action is 
not likely to adversely affect DCH or PCH for Hawaiian monk seals. Because it is discountable 
that the sonic boom would adversely affect any PCE or essential features of monk seal DCH or 
PCH, NMFS agrees with the USAF determination. 

Based on consideration of the record, NMFS agrees that the proposed action would have 
insignificant impacts, or the likelihood of impacts would be discountable, for the marine species 
considered in this consultation, and that the proposed action would have insignificant impacts on 
Hawaiian monk seal designated and proposed critical habitat. 

Conclusion: NMFS concurs with your determination that conducting the two proposed 
Minuteman III Extended Range Test Flights across the Pacific Ocean through the year 2014 is 
not likely to adversely affect ESA-listed marine species or their designated or proposed critical 
habitat. Our concurrence is based on the finding that the effects of the proposed action are 
expected to be insignificant, discountable, or beneficial as defined in the joint USFWS-NMFS 
Endangered Species Consultation Handbook and summarized at the beginning of the Analysis of 
Effects section above. This concludes your consultation responsibilities under the ESA for 
species under NMFS's jurisdiction. However, this consultation focused solely on compliance 
with the ESA. Additional compliance review that may be required of NMFS for this action 
(such as assessing impacts on Essential Fish Habitat) would be completed by NMFS Habitat 
Conservation Division in separate communication, if applicable. 

ESA Consultation must be reinitiated if: 1) a take occurs; 2) new information reveals effects of 
the action that may affect listed species or designated critical habitat in a manner or to an extent 
not previously considered; 3) the identified action is subsequently modified in a manner causing 
effects to listed species or designated critical habitat not previously considered; or 4) a new 
species is listed or critical habitat designated that may be affected by the identified action. 

3 



If you have further questions please contact Donald Hubner on my staff at (808) 944-2233. 
Thank you for working with NMFS to protect our nation's living marine resources. 

Sincerely, 

~~:f:..tt~ o Regional Administrator 

Cc: Dan Polhemus, Coastal Conservation, USFWS, Honolulu 

NMFS File No. (PCTS): PIR-2013-9258 
PIRO Reference No.: I-PI-13-1077-LVA 
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From: Donald Hubner [mailto:donald.hubner@noaa.gov

] 
Sent: Thursday, May 16, 2013 7:19 PM 
To: Hubbs, Mark Edward CIV USARMY SMDC (US) 
Subject: Memo to the record Re: NMFS ESA LOC for the USAF Minuteman III ERTF 
Through 2014 

Hello again mark, 
For your records (if you need it), I've attached a copy of my memo to the 
record concerning the effects analysis.  Don't hesitate to call or write if 
you have any questions or comments Thanks, Don 

-- 
Donald M. Hubner 
Endangered Species Biologist 
NOAA/NMFS Pacific Islands Regional Office 
1601 Kapiolani Blvd. Ste 1110 
Honolulu, HI 96814 
(808) 944-2233 

Classification: UNCLASSIFIED 
Caveats: NONE 

mailto:mark.e.hubbs.civ@mail.mil
mailto:Clayton.Hendrix@tbe.com
mailto:donald.hubner@noaa.gov






















REPLY TO 
ATTENTION OF 

Dr. Loyal Mehrhoff 

DEPA RTM ENT O F THE ARM Y 
u.s. ARMY SPACE AND MISSILE DEFENSE COMMANDI 

ARMY FORCES STRATEGIC COMMAND 
POST OFFICE BOX 1500 

HUNTSVILLE, ALABAMA 35807-3801 

Pacific Islands Fish and Wildlife Service 
300 Ala Moana Bid, Room 3-122, Box 50088 
Honolulu, HI 96850 

Reference: 20 I 3-CPA-0044 

Subject: Coordinating Draft Supplemental Environmental Assessment (SEA) for Minuteman III 
Extended Range Flight Testing 

Dear Dr. Mehrhoff: 

The US Army Space and Missile Defense Command/Army Forces Strategic Command received 
your April 19,2013 letter in response to the above mentioned environmental assessment. The 
Anny appreciates the effort involved in reviewing that document. You letter recommends that 
the USASMDC/ARSTRAT initiate consultation under Section 7 of the Endangered Species Act 
(ESA) with the Fish and Wildlife Service. Using the best scientific and commercial data 
available, this office has determined that a consultation on the Palauan saltwater crocodile 
(Crocodylus porosus) and sea turtle species, Eretmochelys imbricata and Chelonia mydas, is not 
required. 

As described in the Supplemental Environmental Assessment, two flights will be conducted as 
part of this test. The first will splash down approximately 148 kilometers (80 run) east of the 
nearest island. Merir Island is part of the State of Sonsoral of the Republic of Palau. The four 
islands of Sonsoral are estimated to have a population of 100 people. The second test flight 
would splash down about 463 kilometers (2S0nm) east of Merir. These impact areas are far from 
knO'wn habitation areas of the salt water crocodile. A 2003 report indicates that Sonsoral is one 
of two Palauan states with no known crocodile populations.! This may be due to the lack of 
suitable habitat on the small islands of Sonsoral. Activities associated with the MMII Extended 
Range Test would have no effect on the Palauan salt water crocodile. 

USASMDC/ARSTRA T is aware that because of its tendency to travel very long distances at sea, 
individual saltwater crocodiles have been known to occasionally appear in areas far away from 
their general range. Vagrant individuals have historically been reported on New Caledonia, Iwo 
Jima, Fiji, and even in the cold Sea of Japan, thousands of miles from their native territory? 
Campbell et aI, 2010 showed that adult C. porosus adopt behavioural strategies to utilize surface 
water currents during long·distance travel, enabling them to move quickly and efficiently over 

I Palauan Conservation Society, Local Know/edge About Crocodiles in Palau, August 2003 

2 Crocodilian Species List, http://cracodilian.com/cnhclcsp cpar.htm Accessed 25 June 2013 



considerable distances. In that study satelli te positional fixes from tagged crocodiles engaged in 
ocean travel were overlaid with residual surface current (RSC) estimates. The data showed a 
strong correlation existed between the bearing of the RSC and that of the travelling crocodile (? 
= 0·92, P < 0·0001). This demonstrates that C. porosus dramatically increase their travel 
potential by riding surface currents.) 

Even with this behavior, the number and thus density of saltwater crocodiles at sea in the area of 
proposed impact at any given time would be extremely low. The 2004 Final Environmental 
Assessment for Minuteman III Modification, which your agency reviewed and provided 
comment, examined the question of physical impact from the unitary body of incoming re-entry 
vehicle on sea turtles and marine mammals. Having little or no data on sea turtle and marine 
mammal data for the impact area in the Republic of the Marshall Islands, the EA used marine 
mammal and sea turtle data from around the Hawaiian Islands where these organisms are more 
abundant. Looking at those species which had lower densities (fin whales, Cuvier's beaked 
whale, Blainville' s beaked whales, and Risso dolphins) which would still be exponentially higher 
than the salhvater crocodile densities at sea, that study found that the probability of physical 
impact injury for those species ranged from 4.53E-\ 0 to 9.06 E- \ 0 (USAF, 2004). Further the 
study concluded that the risk of acoustic injury for these same species was also very low, ranging 
from 1.87 E-09 to 9.36 E_09 4 

Given that the density of saltwater crocodiles in the proposed impact area will be considerably 
lower than the densities of the marine mammals cited above, USASMDC/ARSTRAT has 
concluded that the potential for physical or acoustical injury from the proposed activity will be 
so low as to be nonexistent. Therefore, consultation will not be initiated. 

Eretmochelys imbricata and Chelonia mydas do occur on Merir and other islands of Sonsoral 
State. However, as stated previously one test impact would occur 148 kilometers away and the 
second 463 kilometers away from MeriT. As explained in the SEA, International Notices to 
Ainnen (NOTAMs) and Notices to Mariners (NOTMARs) regarding the extended range flights 
will be issued by the USAF 30th Space Wing at the USAKNRTS range. The NOTAMs and 
NOTMARs infonn commercial and private aircraft and watercraft respectively of all hazard 
areas several days prior to launch. Additionally, starting a day prior to each launch, the USAF 
uses radar, a Navy Mobile Instrumentation System ship, and possibly other remote sensors, to 
verify that the hazard areas are clear of non-mission-essential aircraft, vessels, and people. The 
hazard area is continually monitored up until the point of impact. Ifnon-mission-essential 
aircraft, vessels, and people enter the area, it is immediately detected and relayed to flight safety 
officer. Therefore the potential for a re-entry vehicle to impact a vessel in the impact area, and 
release of petroleum products to the environment is nonexistent. Therefore there would be no 
effect to nearest potential nesting sea turtles 80 to 250 nm away as a result of the proposed 
action. 

3 Campbell , H.A., M.E. Watts, S Sullivan, MA Read, S Choukroun, S.R. Irwin, and C.E. Franklin. 2010, Estuarin 

crocodiles ride surface currents to facilitate long-distance travel, Journal of Animal Ecology, Vol 79, Issue 2, pp 
955-964 
• USAF. 2004. Final Environmental Assessment for Minuteman III Modification, December 2004. 



In summary, based on the best scientific and commercial data available and our analyses, the 
USASDMC/ARSTRA T believes that this action would have no effect on endangered species or 
threatened species or result in the destruction or adverse modification of designated critical 
habitat for the salt water crocodile, the hawksbill sea turtle or the green sea turtle. 

The point of contact for the Minuteman 111 Extended Range Test Environmental Assessment is 
Mark Hubbs at 256-955-2608 or mark_e.hubbs.civ@mail.mil . 

Sincerely, 

Deputy Chief of Staff'. Engineer 
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