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Statement (EIS/OEIS) 

Abstract 

This Final EIS/OEIS has been prepared by the U.S. Department of the Navy (Navy) in compliance with the 
National Environmental Policy Act (NEPA) of 1969 (42 United States Code § 4321 et seq.); the Council on 
Environmental Quality (CEQ) Regulations for Implementing the Procedural Provisions of NEPA (Title 40 
Code of Federal Regulations [CFR] §§ 1500-1508); Navy Procedures for Implementing NEPA (32 CFR § 
775); and Executive Order 12114 (EO 12114), Environmental Effects Abroad of Major Federal Actions.  
The Navy has identified the need to support and conduct current, emerging, and future training and 
research, development, test, and evaluation (RDT&E) activities in the Hawaii Range Complex (HRC).  The 
alternatives—the No-action Alternative, Alternative 1, Alternative 2, and Alternative 3—are analyzed in this 
Final EIS/OEIS.  All alternatives include an analysis of potential environmental impacts associated with the 
use of mid-frequency active (MFA) and high-frequency active (HFA) sonar.  The No-action Alternative 
stands as no change from current levels of HRC usage and includes HRC training, support, and RDT&E 
activities, Major Exercises, and maintenance of the technical and logistical facilities that support these 
activities and exercises.  Alternative 1 includes all ongoing training associated with the No-action 
Alternative, an increased tempo and frequency of such training (including increases in MFA and HFA 
sonar use), a new training event (Field Carrier Landing Practice), enhanced and future RDT&E activities, 
enhancements to optimize HRC capabilities, and an increased number of Major Exercises.  Alternative 2 
includes all of the training associated with Alternative 1 plus additional increases in the tempo and 
frequency of training (including additional increases in MFA and HFA sonar use), enhanced RDT&E 
activities, future RDT&E activities, and additional Major Exercises, such as supporting three Strike Groups 
training at the same time.  Alternative 3 would include all of the training and RDT&E activities associated 
with Alternative 2.  The difference between Alternative 2 and Alternative 3 is the amount of MFA/HFA 
sonar usage.  As described under Alternative 2, Alternative 3 would provide increased flexibility in training 
activities by increasing the tempo and frequency of training events, future and enhanced RDT&E activities, 
and the addition of Major Exercises.  Alternative 3 would consist of the MFA/HFA sonar usage as analyzed 
under the No-action Alternative.  Alternative 3 is the Navy’s preferred alternative.   

This Final EIS/OEIS addresses potential environmental impacts that result from activities that occur under 
the No-action Alternative and proposed activities that would occur under Alternatives 1, 2, and 3.  This 
EIS/OEIS also addresses changes and associated environmental analyses that were presented in the 
Supplement to the Draft EIS/OEIS.  Environmental resource topics evaluated include air quality, airspace, 
biological resources (open ocean, offshore, and onshore), cultural resources, geology and soils, hazardous 
materials and waste, health and safety, land use, noise, socioeconomics, transportation, utilities, and water 
resources.  

Prepared by:   U.S. Department of Defense, Department of the Navy 
Point of Contact:  Pacific Missile Range Facility Public Affairs Officer 
    P.O. Box 128, Kekaha, Hawaii, 96752, (866) 767-3347 
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APPENDIX C 
RESOURCE DESCRIPTIONS INCLUDING 

LAWS AND REGULATIONS CONSIDERED 
 
This appendix provides a general description of each resource and addresses the Federal, 
State, and local environmental review programs that do, or may, apply to the No-action 
Alternative, Alternative 1, Alternative 2, and Alternative 3.  Project facilities and activities will be 
implemented in accordance with applicable Federal laws and regulations and with State and 
local laws, regulations, programs, plans, and policies as applicable.  

This Environmental Impact Statement/Overseas Environmental Impact Statement (EIS/OEIS) 
has been prepared and provided for public review in accordance with the Council on 
Environmental Quality regulations implementing the National Environmental Policy Act (NEPA) 
(40 Code of Federal Regulations [CFR] Part 1500-1508).  

C.1  Air Quality 

The Federal Clean Air Act (CAA) (42 United States Code [U.S.C.] 7401) requires the adoption of 
national ambient air quality standards (NAAQS) to protect the public health, safety, and welfare 
from known or anticipated effects of air pollution.  Six air pollutants have been identified by U.S. 
Environmental Protection Agency (USEPA) as being a nationwide concern:  carbon monoxide; 
ozone; nitrogen dioxide; particulate matter equal to or less than 10 microns in size (PM-10) and 
fine particulate matter equal to or less than 2.5 microns in size (PM-2.5); sulfur dioxide; and lead.  
USEPA has established NAAQS for these pollutants, which are collectively referred to as criteria 
pollutants, as shown in Table C-1.  Air quality in Hawaii is defined by the State ambient air quality 
standards (AAQS).  Table C-1 compares the NAAQS and the Hawaii AAQS.  

According to USEPA guidelines, an area with air quality equal to or better than the NAAQS is 
designated as being in attainment; areas with worse air quality are classified as nonattainment 
areas.  A nonattainment designation, for a particular pollutant, is given to a region if the primary 
NAAQS for that criteria pollutant is exceeded at any point in the region for more than 3 days 
during a 3-year period.  An air basin may be designated as unclassified when there is 
insufficient data for USEPA to determine attainment status.  

Clean Air Act Conformity and Applicability 
The CAA contains the legislation that mandates the General Conformity Rule to ensure that 
Federal actions in designated nonattainment and maintenance areas do not interfere with a 
State’s timely attainment of the NAAQS.  The General Conformity Rule divides the air 
conformity process into two distinct areas:  applicability analysis and conformity determination.  
The applicability analysis process requires Federal agencies to determine if their proposed 
action(s) would increase emissions of criteria pollutants above preset threshold levels (40 CFR 
51.853).  These threshold levels vary depending on severity of the nonattainment and 
geographic location.  Because no areas of Hawaii are classified as nonattainment or 
maintenance areas, conformity analysis procedures do not apply to Navy actions in Hawaii. 
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Table C-1.  Federal and State Ambient Air Quality Standards 

Pollutant Averaging Time 
Hawaii State 

Standard National Primary Standard 
National Secondary 

Standard 

Carbon 
Monoxide 

8-hour 
 

1-Hour 

5 mg/m3 (4.5 ppm) 
 

10 mg/m3 (9 ppm) 

10 mg/m3 (9 ppm) 
 

40 mg/m3 (35 ppm) 

None 
 

None 

Nitrogen 
Dioxide Annual (1) 70 mg/m3 (0.037 ppm) 100 μg/m3 (0.053 ppm) Same as Primary 

Ozone 
8-hour (2) 

 
1-Hour 

None 
 

157 μg/m3 

157 μg/m3 (0.075 ppm) (1) 

 
235 μg/m3 (0.12 ppm) (7) 

Same as Primary 
 

Same as Primary 
Lead Quarterly (1) 1.5 mg/m3 1.5 μg/m3 Same as Primary 

PM-2.5 
Annual (3) 

 
24-hour (4) 

None 
 

None 

15 μg/m3 
 

65 μg/m3 

Same as Primary 
 

Same as Primary 

PM-10 
Annual  

(arithmetic mean) 
24-hour (5) 

50 mg/m3 

 

150 mg/m3 

Revoked (8) 
 

150 μg/m3 

 
 

Same as Primary 

Sulfur 
Dioxide (6) 

Annual (1) 

 

24-hour 
 

3-hour 

80 μg/m3 (0.03 ppm) 
 

365 μg/m3 (0.14 ppm)
 

1,300 μg/m3 (0.5 ppm) 

80 μg/m3 (0.03 ppm) 
 

365 μg/m3 (0.14 ppm) 
 

None 

None 
 

None 
 

1,300 μg/m3 (0.5 
ppm)  

Hydrogen 
Sulfide 1-hour 35 μg/m3 (0.025 ppm) None None 

Source: Hawaii Administrative Rules, Chapter 59; 40 CFR §50 
Notes: 
(1) Calculated as the arithmetic mean 
(2) Calculated as the 3-year average of the fourth highest daily maximum 8-hour ozone concentration 
(3) Calculated as the 3-year average of the arithmetic means 
(4) Calculated as the 98th percentile of 24-hour PM-2.5 concentration in a year (averaged over 3 years) at the population oriented 
monitoring site with the highest measured values in the area (effective December 17, 2006). 
(5) Calculated as the 99th percentile of 24-hour PM-10 concentrations in a year (averaged over 3 years). 
(6) Measured as sulfur dioxide 
(7) As of June 15, 2005 USEPA revoked the 1-hour ozone standard in all areas except the fourteen 8-hour ozone nonattainment 
Early Action Compact Areas 
(8) USEPA revoked the annual PM-10 standard in 2006 (effective December 17, 2006) 
mg/m3 = milligrams per cubic meter 
μg/m3 = micrograms per cubic meter 
PM-2.5 = fine particulate matter equal to or less than 2.5 microns in size 
PM-10 = particulate matter equal to or less than 10 microns in size (also called respirable particulate and suspended particulate) 
ppm = parts per million 
 

De Minimis Emissions and Applicability Thresholds 
De minimis emissions are total direct and indirect emissions of a criteria pollutant caused by a 
Federal action in a nonattainment or maintenance area at levels less than specified applicability 
thresholds.  The six criteria pollutants are PM-10 and PM-2.5, sulfur dioxide, carbon monoxide, 
nitrogen oxides, 8-hour ozone, and lead.  Ozone is measured by emissions of volatile organic 
compounds (VOC) and nitrogen oxides. 
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Federal regulations designate the State of Hawaii as an attainment area for all six criteria 
pollutants.  Therefore, in Hawaii there are no applicable thresholds for air emissions (Table 
C-2).   

Table C-2.  General Conformity Applicability Thresholds for Nonattainment Areas 

Criteria Pollutants       Tons Per Year 

Ozone (VOC or Nitrogen Oxides) 

Serious Non-attainment Areas (NAAs) 50 
Severe NAAs 25 
Extreme NAAs 10 
Other ozone NAAs outside an ozone transport region 100 
Other ozone NAAs inside an ozone transport region 50 (VOC) 

100 (nitrogen oxides) 
VOC 50 
Nitrogen Oxides 100 
Carbon Monoxide—All NAAs and maintenance areas 100 
Sulfur Dioxide or Nitrogen Oxides—All NAAs 100 
PM-10 

Moderate NAAs and maintenance areas 100 
Serious NAAs 70 

PM-2.5 (direct PM-2.5 , Nitrogen Oxides, VOC, Sulfur Dioxide) 100 
Lead—All NAAs 25 

Source:  40 CFR §51.853 
Notes: 
PM-10 = particulate matter equal to or less than 10 microns in size 
PM-2.5 = particulate matter equal to or less than 2.5 microns in size 
VOC = Volatile organic compounds 

 
Regionally Significant  
The conformity regulation defines “regionally significant” emissions as the total direct and 
indirect emissions of a Federal action that represents 10 percent or more of an area's total 
emissions for a criteria pollutant.  A general conformity determination would be required if 
emissions were regionally significant, even if they were de minimis.  Ten percent of Kauai 
County’s annual air emission budget for each criteria pollutant would apply in the case of the 
construction at the Pacific Missile Range Facility (PMRF).  However, because Hawaii is in 
attainment for all six criteria pollutants, regionally significant emissions are not applied.  

Emissions Calculations 
Although Hawaii is in attainment for all criteria pollutants under the CAA, applicability analysis is 
a useful tool to estimate and compare major Navy air emissions. The Air Conformity 
Applicability Model (ACAM) was developed by the Air Force to screen for compliance with the 
General Conformity Rule requirements (U.S. Air Force, 2005).  The computer model estimates 
air pollutant emissions associated with proposed aircraft and personnel realignment, 
construction projects, and operation of various facilities.  Emissions for each year are calculated 
separately.  ACAM was used for the emissions estimates that follow. 
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Construction Emissions Estimates 
Below is a description of the inputs used to complete the air emissions analysis for the 
construction of an 85,196 square-foot (ft2), two-story, steel-framed Range Operations Control 
Building and a 4,198 ft2 Dehumidified Warehouse at PMRF/Main Base.  A 25,000 ft2 building 
proposed as the Direct Energy Laser Facility is not included in the construction emissions 
calculations.  Demolition of 13 buildings with a combined floor area of over 55,000 ft2 could start 
in the second quarter of 2008.  Site grading was assumed to be 3.03 acres.  Construction 
starting in the third quarter of 2008 would require 2 years to complete.  (Naval Facilities 
Engineering Command, 2004) 

The full list of inputs and the detailed list of construction emissions are provided in the tables 
that follow.  Post-construction air emissions (related to heating/cooling, added personal etc.) 
were not calculated for the Proposed Action because it was assumed that these sources would 
not vary significantly from the current activities at PMRF.  In addition, because many emission 
factors for PM-2.5 have not been developed to-date, PM-10 emission factors are used as a 
conservative substitute. 

VOC and PM-10 emissions will occur directly from the construction of facilities.  Emission-
causing activities that are included in this calculation include demolition of existing facilities, 
grading, and contraction activities including architectural coating, construction equipment, 
commuting emissions, and asphalt paving.  It was assumed that there would not be enough 
asphalt paving to require analysis.  These activities are described in more detail below and 
summarized in Table C-3:  

• Demolition Emissions: The primary air pollutant from building demolition is PM-10. 
Demolition emissions are based on total volume of building being demolished and 
the number of days required for demolishing the buildings.  The Proposed Action 
includes the demolition of Buildings 105, 106, 160, 161, 135, 136, 156, 157, 301, 
305, 926, 964, and 967.  These 13 buildings have a combined floor area of 
approximately 55,000 ft².  Given the lack of project detail to-date, it was assumed 
that demolition could take 30 days, beginning in the second quarter of 2008.  
 

• Grading Emissions:  The primary air pollutant from grading is PM-10 from particles 
becoming airborne during grading, and nitrogen oxides, sulfur dioxide, PM-10, 
carbon monoxide, and VOCs from grading equipment.  Grading emissions are based 
on the total number of days in a calendar year that will be required for grading and 
the total number of acres to be graded.  Given the lack of project detail to-date, it 
was assumed that that grading will take 90 days and 3.03 acres would be graded, 
starting in the third quarter of 2008.  Emissions are based on one storage pile on 0.2 
acre per 10 acres graded, and three pieces of heavy equipment used 6 hours per 
day per 10 acres graded.  No dust controls were assumed to be in place.  All 
equipment is assumed to be diesel powered.  
 

• Building Construction Emissions:  Construction air emissions are spread out over 2 
calendar years, starting in the third quarter of 2008.  These activities are described in 
more detail below and summarized in Table C-3:  

 
– Asphalt Paving:  The primary air pollutant from asphalt paving is VOCs.  Asphalt 

paving emissions are based on the total land area to be paved spread over the 
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number of days required for paving.  It was assumed that the asphalt area being 
proposed for roads and parking was not significant enough to add to the model.   

– Non-Residential Architectural Coatings:  The primary air pollutant from paints, 
varnishes, primers, and other surface coatings is VOCs released through the 
evaporation of solvents.  These emissions are based on gross square footage of 
facilities built.  Project documentation estimates 89,394 gross square feet of 
facilities will be added at PMRF. 

– Construction Equipment and Commuting Emissions:  Emissions occurring from 
construction equipment and commuting include nitrogen oxides, sulfur dioxide, 
PM-10, carbon monoxide, and VOCs.  There will be emissions from the exhaust 
gases of the following equipment:  

 
• Worker Trips (privately owned vehicles of the construction workers who 

commute to and from the site):  The number of construction worker trips 
during construction is based on the square feet of construction and the length 
of construction (excluding grading).  Total daily trips for the Warehouse and 
the Range Operations Control Building were calculated to be 73 trips per day 
for 2 years. 

• Stationary equipment:  These emissions are based on gasoline powered 
equipment (e.g., generators, saws, etc.) used at the construction site and 
depend on the gross square feet to be constructed.  Project documentation 
estimates 89,394 ft2 of facilities will be added at PMRF/Main Base. 

• Mobile equipment:  These emissions are based on forklifts, dump trucks, etc., 
used during construction.  It is assumed that there are two pieces of diesel 
powered equipment per 10,000 ft2; and the equipment is used 6 hours per 
day.  Project documentation estimates 89,394 ft2 of facilities will be added at 
PMRF/Main Base. 

 
Table C-3.  Proposed Construction Inputs into ACAM 

Structure 
Space 

(ft2) 
Yr/Qtr 
Built 

Duration 
(days) 

Warehouse 4,189 2008/3 185 
Range Operations Control Building 85,196 2008/3 545 
TOTAL Construction 89,394  730 
TOTAL Asphalt Pavement 1.0 acres 2008/3  
TOTAL Graded 3.03 acres 2008/3 90 
TOTAL Demolition 55,000 2008/2 1-9 mo 

 
 
Table C-4 shows the estimated emission levels for proposed construction at PMRF/Main Base.  
None of the emissions generated by the construction of the new facilities would exceed the de 
minimis or “conformity threshold” found in Table C-2. 
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Table C-4.  Proposed Construction Air Emissions Summary Information by Source 

Year Source Type Carbon 
Monoxide 

(Tons) 

Nitrogen 
Oxides 
(Tons) 

Sulfur 
Dioxide 
(Tons) 

VOC 
(Tons) 

PM-10 
(Tons) 

2008 Demolition 0.00 0.00 0.00 0.00 0.11 

2008 Construction—Grading Equipment 0.04 0.16 0.02 0.02 0.01 

2008 Construction—Grading Ops. 0.00 0.00 0.00 0.00 4.64 

2008 Construction—Mobile Equipment 2.63 6.27 0.77 0.57 0.51 

2008 Construction—Non-Res. Arch. Ctgs. 0.00 0.00 0.00 0.10 0.00 

2008 Construction—Stationary Equipment 17.82 0.46 0.02 0.67 0.01 

2008 Construction—Workers Trips 0.60 0.03 0.00 0.04 0.01 

TOTAL FOR 2008 21.09 6.92 0.81 1.39 5.28 

2009 Construction—Mobile Equip. 7.17 17.10 2.11 1.56 1.38 

2009 Construction—Non-Res. Arch. Ctgs. 0.00 0.00 0.00 0.17 0.00 

2009 Construction—Stationary Equipment 48.64 1.26 0.06 1.82 0.04 

2009 Construction—Workers Trips 1.72 0.10 0.00 0.10 0.01 

TOTAL FOR 2009 57.53 18.46 2.18 3.66 1.43 

2010 Construction—Mobile Equipment 1.13 2.70 0.33 0.25 0.22 

2010 Construction—Non-Res. Arch. Ctgs. 0.00 0.00 0.00 0.03 0.00 

2010 Construction—Stationary Equipment 7.67 0.20 0.01 0.29 0.01 

2010 Construction—Workers Trips 0.27 0.01 0.00 0.01 0.00 

TOTAL FOR 2010 9.07 2.91 0.34 0.57 0.23 

Notes: 

PM-10 = particulate matter equal to or less than 10 microns in size 
VOC = Volatile organic compounds 

 
Aircraft Operations Emissions Estimates 
Military aircraft flight operations (mostly helicopters) represent the major Navy emission sources 
among the actions proposed.  Aircraft flying operations include both Landing and Takeoff (LTO) 
and Touch-and-Go (T/G) cycles.  Emissions from engine exhaust occur for each operation 
during idle/taxi-out, takeoff, climb out, approach, and taxi/idle-in.  Only those portions of the 
flying operation that take place below the atmospheric mixing height are considered (these are 
the only emissions presumed to affect ground level concentrations).  Aerospace Ground 
Equipment includes such aircraft support equipment as air compressors, air conditioners 
(coolers), aircraft tug narrows, bomb lifts, cargo loaders, cargo leaders, fuel trucks, generators, 
ground heaters, hydraulic test stands, jacking manifolds and miscellaneous carts.  Trim tests 
are engine tests performed with the engines on the aircraft.  All engines on the aircraft are 
assumed to be tested the same number of times each year. 

ACAM (U.S. Air Force, 2005) was used to calculate the air emissions.  Air emissions were 
calculated for the following Proposed Actions.  The activities described below are also 
summarized in Table C-5:  
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• Continued aircraft training and support at PMRF Airfield on Kauai.  Operational 
records show that existing PMRF aircraft operations in fiscal year (FY) 2004 
consisted of 13,395 aircraft operations (defined as a takeoff or landing of one 
aircraft) of which 8,129 were Navy activities.  The C-26 “Metroliner” aircraft and UH-
3H “Sea King” helicopter accounted for 67 percent of all Navy flights at PMRF.  
Transient Navy H-60, C-20, and NP-3D aircraft combined for the remaining 33 
percent of Navy flights at PMRF.  Given the limited number of Navy aircraft in ACAM, 
only the UH-3H and the C-26 were modeled, making up 2,602 and 2,926 flights 
respectively.  In ACAM, the C-26 aircraft was modeled using the C-20A aircraft and 
the UH-3H helicopter was modeled using the CH-3A helicopter.  The operations 
were divided between LTO and T/G as shown on Table C-4.  (U.S. Department of 
the Navy, Engineering Field Activity Chesapeake, 2006) 

• The proposed introduction of F/A-18 aircraft for Field Carrier Landing Practice 
(FCLP) conducted at PMRF Airfield on Kauai or at Marine Corps Base Hawaii 
Kaneohe Bay, Oahu (Alternative 1) starting in the first quarter of 2009.  In ACAM, the 
F/A-18 fighter was substituted with the F/18 fighter.  Twelve FCLP training events are 
planned with six to eight T/G landings in each event.  Therefore, it is assumed that 
Alternative 1 has a total of 96 new T/G landings.  No AGE or ground activities were 
included.  

• The proposed increase of F/A-18 aircraft for FCLP at PMRF Airfield or at Marine 
Corps Base Hawaii on Oahu (Alternatives 2 and 3) starting in the first quarter of 
2009.  In ACAM, the F/A-18 fighter was substituted with the F/18 fighter.  Sixteen 
FCLP training events are planned with 6 to 8 touch-and go landings in each event.  
Therefore, it is assumed that Alternatives 2 and 3 have a total of 128 new T/G 
landings.  No AGE or ground activities were included.  
 

The estimated annual aircraft emission levels, including aerospace ground support activities and 
engine testing are in Table C-6.  None of the emissions generated by the aircraft would exceed 
the de minimis or “conformity threshold” found in Table C-1.  Since estimated emission levels for 
the Proposed Action Alternative would be de minimis and would not be regionally significant, no 
further analysis is needed.   
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Table C-5.  Proposed Aircraft Inputs into ACAM 

AIRCRAFT OPERATIONS TIME SPENT IN OPERATION MODE (MIN) 

Aircraft 
Modeled 

Aircraft 
Used by 

Navy 
Engine # of 

Engines 
Annual 

LTO 
Annual 

T/G 
Run-up 

(per 
engine) 

Annual 
Run-up 

Annual 
Trim 
Test  

Trim 
Test 

Taxi/Idle 
Out Takeoff Climb Approach Taxi/ 

Idle In 

PMRF Barking Sands Airfield (all Proposed Alternatives) 
CH-3E UH-3H T58-GE-5 2 768 1,066 1 60 24 25 8.00 0.00 6.50 6.50 7.00 
C-20A C-26 F113-RR-100 2 460 2,006 1 60 24 45 6.50 0.50 0.00 1.60 6.50 
PMRF Airfield, Kauai or Marine Corps Base Hawaii Kaneohe Bay, Oahu (Alternative 1)  
F-18 F/A-18  F404-GE-400 2 0 96 0 90 0 60 6.50 0.50 0.50 1.60 6.50 
PMRF Barking Sands Airfield, Kauai  or Marine Corps Base Hawaii Kaneohe Bay, Oahu (Alternatives 2 and 3) 
F-18 F/A-18  F404-GE-400 2 0 128 0 90 0 60 6.50 0.50 0.50 1.60 6.50 

Notes:  
LTO = Landings and takeoffs 
PMRF = Pacific Missile Range Facility 
T/G = Touch-and-go landings 
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Table C-6.  Proposed Aircraft Air Emissions Summary Information by Source 

Proposed Action Year Source Type 

Carbon 
Monoxide 

(tons) 

Nitrogen 
Oxides 
(tons) 

Sulfur 
Dioxide 
(tons) 

VOC 
(tons) 

PM-10 
(tons) 

PMRF Airfield Baseline 2007 Aerospace Ground Equipment 1.25 7.24 0.64 0.40 0.28 

PMRF Airfield Baseline 2007 Aircraft Flying Operations—After Burn 1.39 2.63 0.12 0.01 0.00 

PMRF Airfield Baseline 2007 Aircraft Flying Operations—Approach 0.38 1.04 0.15 0.03 0.00 

PMRF Airfield Baseline 2007 Aircraft Flying Operations—Idle 7.90 0.42 0.13 2.60 0.04 

PMRF Airfield Baseline 2007 Aircraft Flying Operations—Military 1.61 1.56 0.19 0.50 0.44 

PMRF Airfield Baseline 2007 Aircraft Ground Activities (Trim Checks)—After Burn 0.08 0.14 0.01 0.00 0.00 

PMRF Airfield Baseline 2007 Aircraft Ground Activities (Trim Checks)—Approach 0.05 0.13 0.02 0.00 0.00 

PMRF Airfield Baseline 2007 Aircraft Ground Activities (Trim Checks)—Idle 0.17 0.01 0.00 0.04 0.00 

PMRF Airfield Baseline 2007 
Aircraft Ground Activities (Trim Checks)—
Intermediate 0.01 0.01 0.00 0.00 0.00 

PMRF Airfield Baseline 2007 Aircraft Ground Activities (Trim Checks)—Military 0.05 0.56 0.03 0.01 0.01 

PMRF Airfield Baseline 2007 Aircraft Engine Test Cells—After Burn 0.00 0.01 0.00 0.00 0.00 

PMRF Airfield Baseline 2007 Aircraft Engine Test Cells—Approach 0.00 0.01 0.00 0.00 0.00 

PMRF Airfield Baseline 2007 Aircraft Engine Test Cells—Idle 0.01 0.00 0.00 0.00 0.00 

PMRF Airfield Baseline 2007 Aircraft Engine Test Cells—Intermediate 0.00 0.00 0.00 0.00 0.00 

PMRF Airfield Baseline 2007 Aircraft Engine Test Cells—Military 0.00 0.03 0.00 0.00 0.00 

Total for 2007 and beyond 12.92 13.79 1.30 3.60 0.78 
FCLP Alt 1 2009 Aircraft Flying Operations—Approach 0.03 0.06 0.01 0.01 0.01 

FCLP Alt 1 2009 Aircraft Flying Operations—Idle 0.00 0.00 0.00 0.00 0.00 

FCLP Alt 1 2009 Aircraft Flying Operations—Intermediate 0.01 0.08 0.01 0.00 0.01 

FCLP Alt 1 2009 Aircraft Flying Operations—Military 0.01 0.14 0.01 0.00 0.01 
Total for 2009 and beyond 0.04 0.28 0.02 0.01 0.03 

FCLP Alt 2 2009 Aircraft Flying Operations—Approach 0.03 0.08 0.01 0.01 0.02 

FCLP Alt 2 2009 Aircraft Flying Operations—Idle 0.00 0.00 0.00 0.00 0.00 

FCLP Alt 2 2009 Aircraft Flying Operations—Intermediate 0.01 0.11 0.01 0.00 0.01 

FCLP Alt 2 2009 Aircraft Flying Operations—Military 0.01 0.18 0.01 0.00 0.01 

Total for 2009 and beyond 0.05 0.37 0.03 0.01 0.04 
Notes: FCLP = Field Carrier Landing Practice  PM-10 = Particulate matter equal to or less than 10 microns in size 

PMRF = Pacific Missile Range Facility  VOC = Volatile organic compounds 
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C.2  Airspace 

Airspace, or that space which lies above a nation and comes under its jurisdiction, is generally 
viewed as being unlimited.  However, it is a finite resource that can be defined vertically and 
horizontally, as well as temporally, when describing its use for aviation purposes.   

Under Public Law 85-725, Federal Aviation Act of 1958, the Federal Aviation Administration 
(FAA) is charged with the safe and efficient use of our nation's airspace, and has established 
certain criteria for and limits to its use.  The method used to provide this service is the National 
Airspace System.  This system is “…a common network of U.S. airspace; air navigation facilities, 
equipment and services, airports or landing areas; aeronautical charts, information and services; 
rules, regulations and procedures, technical information and manpower and material.”  

Areas beyond the territorial limit are defined as international airspace.  Therefore, the 
procedures of the International Civil Aviation Organization (ICAO) outlined in ICAO Document 
4444, Rules of the Air and Air Traffic Services, are followed (International Civil Aviation 
Organization, 1996; 1997).  ICAO Document 4444 is the equivalent air traffic control manual to 
FAA Handbook 7110.65, Air Traffic Control.  The ICAO is a specialized agency of the United 
Nations whose objective is to develop the principles and techniques of international air 
navigation and to foster planning and development of international civil air transport.  

The FAA acts as the U.S. agent for aeronautical information to the ICAO, and air traffic in the 
Central Pacific is managed by the Oakland Air Route Traffic Control Center (ARTCC) within 
several Oceanic Control Sectors, the boundaries of which are shown in Figure C-1.  The 
Honolulu Combined Radar Approach Control manages the Radar Control Area that surrounds 
the Hawaiian Islands. 

Types of Airspace 
Controlled and Uncontrolled Airspace 
As part of the National Airspace System, controlled and uncontrolled airspace is divided into six 
classes, depending on location, use, and degree of control.  Pilots are also subject to certain 
qualification requirements, operating rules, and equipment requirements.  Figure C-2 depicts the 
six classes of non-military airspace.  A brief description of each class follows: 

• The Open Ocean Area does not include Class A airspace, which includes airspace 
overlying the waters within 12 nautical miles (nm) of the coast.   

• Class B airspace is generally that airspace surrounding the nation’s busiest airports 
in terms of Instrument Flight Rules (IFR) operations or passengers boarding an 
aircraft.  An air traffic control clearance is required for all aircraft to operate in the 
area, and all aircraft that are so cleared receive separation services within the 
airspace.   

• Class C airspace is generally that airspace surrounding those airports that have an 
operational control tower, are serviced by a radar approach control, and that have a 
certain number of IFR operations or passenger boardings.   
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•  Class D airspace is generally that airspace surrounding those airports that have an 
operational control tower.   

• Class E airspace is controlled airspace that is not Class A, Class B, Class C, or 
Class D airspace.  Uncontrolled airspace, or Class G airspace, has no specific 
definition but generally refers to airspace not otherwise designated and operations 
below 1,200 ft above ground level.  No air traffic control service to either IFR or 
Visual Flight Rules (VFR) aircraft is provided other than possible traffic advisories 
when the air traffic control workload permits and radio communications can be 
established. 
 

Special Use Airspace 
Complementing the classes of controlled and uncontrolled airspace are several types of special 
use airspace used by the military to meet its particular needs.  Special use airspace consists of 
that airspace where activities must be confined because of their nature, or where limitations are 
imposed on aircraft operations that are not a part of these activities, or both.  Except for 
controlled firing areas, special use airspace areas are depicted on aeronautical charts, IFR or 
visual charts, and include hours of operation, altitudes, and the controlling agency.  Only the 
special use airspace found in the region of influence is described.  For the open ocean area this 
includes Warning Areas, which are airspace that may contain hazards to non-participating 
aircraft in international airspace.  Warning Areas are established beyond the 3-nm limit.  
Although the activities conducted within Warning Areas may be as hazardous as those in 
Restricted Areas, Warning Areas cannot be legally designated as Restricted Areas because 
they are over international waters (Aviation Supplies and Academics, Inc. 1996).  For areas over 
and surrounding land and offshore areas this includes: 

• Restricted Areas contain airspace identified by an area on the surface of the earth 
within which the flight of aircraft, while not wholly prohibited, is subject to restriction.  
Activities within these areas must be confined, because of their nature, or limitations 
imposed upon aircraft operations that are not a part of these activities, or both.  
Restricted Areas denote the existence of unusual, often invisible, hazards to aircraft 
such as artillery firing, aerial gunnery, or guided missiles.  Restricted Areas are 
published in the Federal Register and constitute Federal Aviation Regulation (FAR) 
Part 73. 

• Warning Areas are airspace that may contain hazards to non-participating aircraft in 
international airspace.  Warning Areas are established beyond the 3-nm limit.  
Although the activities conducted within Warning Areas may be as hazardous as 
those in Restricted Areas, Warning Areas cannot be legally designated as Restricted 
Areas because they are over international waters (Aviation Supplies and Academics, 
Inc., 1996).  By Presidential Proclamation No. 5928, dated 27 December 1988, the 
U.S. territorial limit was extended from 3 to 12 nm.  Special FAR 53 establishes 
certain regulatory warning areas within the new (3- to 12-nm) territorial airspace to 
allow continuation of military activities.   
 

Other Airspace Areas 
Other types of airspace include airport advisory areas, temporary flight restrictions areas, flight 
limitations and prohibitions areas, published VFR routes, and terminal radar service areas 
(National Aeronautical Charting Office, 2007). 
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Special Airspace Use Procedures 
Other types of airspace, and special airspace use procedures used by the military to meet its 
particular needs, include air traffic control assigned airspace and altitude reservation (ALTRV) 
procedures.  Both of these types of airspace are described below: 

• Air Traffic Control Assigned Airspace (ATCAA), or airspace of defined vertical and 
lateral limits, is assigned by air traffic control to provide air traffic segregation 
between specified activities being conducted within the assigned airspace and other 
IFR air traffic.  ATCAAs are usually established in conjunction with Military 
Operations Areas, and serve as an extension of Military Operations Area airspace to 
the higher altitudes required.  These airspace areas support high altitude activities 
such as intercepts, certain flight test activities, and air refueling activities.  

• ALTRV procedures are used as authorized by the Central Altitude Reservation 
Function, an air traffic service facility, or appropriate ARTCC, under certain 
circumstances, for airspace utilization under prescribed conditions.  An ALTRV 
receives special handling from FAA facilities.  According to FAA Handbook 7610.4H, 
Chapter 3, ALTRVs are classified as either moving or stationary, with the latter 
normally defining the fixed airspace area to be occupied as well as the specific 
altitude(s) and time period(s) the area will be in use.  ALTRVs may encompass 
certain rocket and missile activities and other special activities as may be authorized 
by FAA approval procedures. 
 

C.3  Biological Resources 

Native or naturalized vegetation, wildlife, and the habitats in which they occur are collectively 
referred to as biological resources.  Existing information on plant and animal species and habitat 
types in the vicinity of the proposed sites was reviewed, with special emphasis on the presence 
of any species listed as threatened or endangered by Federal or State agencies, to assess their 
sensitivity to the effects of the No-action Alternative, Alternative 1, Alternative 2, or Alternative 3.   

OPNAVINST 5090.1B, Chapter 19, and the Exercise RIMPAC Operations Order advise 
commanding officers of requirements regarding the protection of Hawaii from the immigration of 
additional alien or invasive species.   

• Wash downs:  Surface ships shall routinely wash down anchors, chains, and 
appendages with seawater when retrieving them to prevent on board collection of 
sediment, mud and silt.  When possible, following anchor retrieval, surface ships shall 
wash down chain lockers outside 12 nm from land to flush out sediment, mud, or silt.   

All equipment and unmanned vehicles to be placed in the ocean are to be clean and free 
of residual materials from prior use to avoid introduction of new species.  For ships 
arriving from foreign ports, hulls of ships' small boats are to be cleaned of any marine 
growth (algae, barnacles, crustaceans, etc.) before placing them into ocean or harbor 
waters.   

Amphibious vessels launching and recovering amphibious vehicles shall ensure those 
vehicles, including their treads, are washed down after completion of operations.  Ships 
shall dispose of wash water before entering 12 nm of the next operating area.  
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• Agricultural inspections:  Inspection records may be provided upon arrival in Hawaii to 
Federal or State of Hawaii Department of Agriculture inspectors.  Federal (U.S.) 
Department of Agriculture officials may inspect vessels pier side.  State of Hawaii 
Department of Agriculture inspectors may be invited by the commanding officer to board 
U.S. flag vessels to assist with inspection of food stores, plants, and animals to ensure 
compliance with State animal quarantine laws. 

Foreign garbage is any food or food-related product, including containers, wrappers, 
plates, napkins, etc., from a foreign flag vessel or from a U.S. vessel for the first 24 
hours after any U.S. Department of Agriculture boarding agents determine that all 
foreign stores have been expended.  Foreign garbage is double-bagged in plastic bags, 
tied, and disposed in marked green dumpsters, separate from non-foreign garbage.  The 
U.S. Department of Agriculture monitors foreign garbage dumpsters closely.  Brown 
dumpsters are for non-foreign garbage.    

• Brown tree snakes:  No snakes are known to inhabit Hawaii.  Commanding officers of all 
vessels and aircraft shall, prior to arrival in Hawaii, ensure that all stores originating from 
Australia and Guam are inspected for the brown tree snake.  This inspection may be 
accomplished during on-loading of such stores or while underway.  If any snake is 
sighted aboard a ship or aircraft entering Hawaii, the snake is to be restrained, 
contained, or killed and the snake retained until entry into Hawaii.  Naval Station Pearl 
Harbor Security (911) is to be contacted, advised, and will take control of the snake for 
appropriate reporting to State Agriculture authorities.  
 

• Ballast water:  If it is necessary for a surface ship to load ballast water in an area that is 
either potentially polluted or within 3 nm from shore, the ship shall pump the ballast 
water out when outside 12 nm from shore and twice fill the tank(s) with clean sea water 
and pump prior to the next entry within 12 nm from shore.  Surface ships will effect a 
ballast exchange twice in clean water, even if ballast water was pumped out before 
exiting the polluted waters or 3 nm limit, since residual water remaining in a tank after 
emptying it may still contain unwanted organisms that could be transferred during the 
next ballasting evolution.  Ballast water exchange is not required during local operations 
or when reentering within 12 nm in the same locale as the ballast water was initially 
loaded.   

The Endangered Species Act of 1973 (ESA) (16 U.S.C. 1531-1544, 87 Stat. 884, as 
amended) requires the U.S. Fish and Wildlife Service (USFWS) to identify plant and animal 
species that are threatened or endangered since “…various species of fish, wildlife, and plants 
in the United States have been rendered extinct as a consequence of economic growth and 
development untempered by adequate concern and conservation; other species of fish, wildlife, 
and plants have been so depleted in numbers that they are in danger of or threatened with 
extinction; these species of fish, wildlife, and plants are of aesthetic, ecological, educational, 
historical, recreational, and scientific value to the Nation and its people; the United States has 
pledged itself as a sovereign state in the international community to conserve to the extent 
practicable the various species of fish or wildlife and plants facing extinction…”  Federal 
agencies are required to assess the effect of any project on threatened and endangered species 
under Section 7 of the ESA.   

The Migratory Bird Treaty Act (16 U.S.C. 703-712) protects many species of migratory birds.  
Specifically, the act prohibits the pursuit, hunting, taking, capture, possession, or killing of such 
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species or their nests and eggs.  On December 2, 2003, the President signed the 2003 National 
Defense Authorization Act.  The Act provides that the Secretary of the Interior shall exercise 
his/her authority under the Migratory Bird Treaty Act to prescribe regulations to exempt the 
Armed Forces from the incidental taking of migratory birds during military readiness activities 
authorized by the Secretary of Defense. 

Congress defined military readiness activities as all training and activities of the Armed Forces 
that relate to combat and the adequate and realistic testing of military equipment, vehicles, 
weapons, and sensors for proper operation and suitability for combat use.  Routine installation 
operation, industrial activities, and construction or demolition of facilities used for these 
purposes are not considered military readiness activities.  Migratory bird conservation relative to 
non-military readiness activities is addressed in a Memorandum of Understanding (signed 31 
July 2006) developed in accordance with Executive Order 13186, Responsibilities of Federal 
Agencies to Protect Migratory Birds (10 January 2001).   

The final rule authorizing the Department of Defense to take migratory birds during military 
readiness activities (50 CFR Part 21) was published in the Federal Register on 28 February 
2007.  The rule states that the Armed Forces must confer and cooperate with the USFWS on 
the development and implementation of conservation measures to minimize or mitigate adverse 
effects of a military readiness activity if it determines that such activity may have a significant 
adverse effect on a population of a migratory bird species.   

An activity will be determined to have a significant adverse effect when it is found within a 
reasonable period of time to diminish the capacity of a population of a migratory bird species to 
maintain genetic diversity, to reproduce, and to function effectively in its native ecosystem. 

The Marine Mammal Protection Act (16 U.S.C. 1361, et seq.) gives the USFWS and National 
Marine Fisheries Service (NMFS) co-authority and outlines prohibitions for the taking of marine 
mammals.  A take means to attempt as well as to actually harass, hunt, capture, or kill 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. 

The Magnuson-Stevens Fishery Conservation and Management Act (Public Law 94-265) 
(16 U.S.C. 1801-1882, April 13, 1976, as amended) requires that Federal agencies consult with 
NMFS on activities that could harm Essential Fish Habitat (EFH) areas.  EFH refers to “those 
waters and substrate (sediment, hard bottom) necessary to fish for spawning, breeding, feeding 
or growth to maturity.” 

Executive Order (EO) 13089 Coral Reef Protection (63 FR 32701) and subsequent guidance 
documents from the Department of Defense (DoD) and the Navy were issued in 1998 “to 
preserve and protect the biodiversity, health, heritage, and social and economic value of U.S. 
coral reef ecosystems and the marine environment.”  It is DoD policy to protect the U.S. and 
International coral reefs and to avoid impacting coral reefs to the maximum extent possible.  No 
concise definition of coral reefs has been promulgated, with regard to regulatory compliance of 
EO 13089.  In general, coral reefs consist of tropical reef building Scleractinian and Hydrozoan 
corals, as well as calcified Octocorals in the families Tubiporidae and Helioporidae, non-calcified 
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Octocorals (soft corals) and Gorgonian corals, all growing in the 0 to 300 feet (ft) depth range.  
Deep water (300 to 3,000 ft depth range) precious corals and other deep water coral 
communities will only be considered in the case of a Sinking Exercise, where a vessel might 
ultimately land on a deep water coral community. 

The National Marine Sanctuaries Act (NMSA) 16 U.S.C. § 1431 et seq. authorizes the 
Secretary of Commerce to designate as National Marine Sanctuaries areas of the marine 
environment that possess conservation, recreational, ecological, historical, research, and 
educational, or aesthetic resources and qualities of national significance, and to provide a 
comprehensive management and protection of these areas.  To protect the area designated, 
any Federal action that is likely to destroy, cause the loss of, or injure a sanctuary resource 
must consult with the Secretary of Commerce prior to commencement of the action and adhere 
to reasonable and prudent alternatives set by the Secretary of Commerce.  To the extent 
practicable, consultation may be consolidated with other consultation efforts under other Federal 
laws, such as the Endangered Species Act. 

The NMSA allows the Secretary to issue regulations for each sanctuary designated and the 
system as a whole that, among other things, specify the types of activities that can and cannot 
occur within the sanctuary.  The Hawaiian Islands Humpback Whale National Marine Sanctuary 
(HIHWNMS) was signed into law in November 1992.  The Final EIS/Management Plan was 
released in March 1997, and the final rule was published in November 1999.  Activities allowed 
within the Sanctuary are all classes of military activities, internal or external to the Sanctuary, 
that are being or have been conducted before the effective date of the regulations, as identified 
in the Final EIS/Management Plan.  The sanctuary includes specific areas from the coast of the 
Hawaiian Islands seaward to the 100-fathom isobath.   

Under the HIHWNMS regulations, military activities are allowed within the sanctuary and are not 
subject to vessel/aircraft approach distances, discharge of materials prohibitions within the 
sanctuary, and consultation requirements if they are “classes of military activities, internal and 
external to the Sanctuary, that are being or have been conducted before the effective date of 
these regulations, as identified in the Final Environmental Impact Statement/Management Plan.”  
If the military activity is proposed after the official date of the regulations, then the activity is also 
an allowable activity but subject to prohibited activities provision under §922.184 (i.e., 
vessel/aircraft approach to humpback whale provisions, discharge of materials, etc.) unless the 
military activities are not likely to destroy, cause the loss of, or injure any sanctuary resource.  
Finally, any military activity that is subsequently modified in a way that causes the activity to be 
“likely to destroy, cause the loss of, or injure a Sanctuary resource in a manner significantly 
greater than was considered in previous consultation” is treated as a new military activity for 
which consultation may be necessary.   

Exhibit C-1 is Appendix F of the 1997 HIHWNMS Final EIS/Management Plan.  Exhibit C-2 is 
the “Report on Military Activities in Hawaiian Waters” provided by the Navy to the Department of 
Commerce.  Exhibit C-3 is Navy/NOAA Memorandum of Understanding Concerning Military 
Activities and the HIHWNMS. 
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Exhibit C-1.  Appendix F of the 1997 Hawaiian Islands Humpback Whale National Marine 

Sanctuary Final EIS/Management Plan 
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Exhibit C-1.  Appendix F of the 1997 Hawaiian Islands Humpback Whale National Marine 
Sanctuary Final EIS/Management Plan (Continued) 
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Exhibit C-1.  Appendix F of the 1997 Hawaiian Islands Humpback Whale National Marine 

Sanctuary Final EIS/Management Plan (Continued) 
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Exhibit C-1.  Appendix F of the 1997 Hawaiian Islands Humpback Whale National Marine 

Sanctuary Final EIS/Management Plan (Continued) 
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Exhibit C-1.  Appendix F of the 1997 Hawaiian Islands Humpback Whale National Marine 
Sanctuary Final EIS/Management Plan (Continued) 
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Exhibit C-1.  Appendix F of the 1997 Hawaiian Islands Humpback Whale National Marine 
Sanctuary Final EIS/Management Plan (Continued) 
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Exhibit C-1.  Appendix F of the 1997 Hawaiian Islands Humpback Whale National Marine 
Sanctuary Final EIS/Management Plan (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 



 
Appendix C Resource Descriptions Including Laws and Regulations Considered 

 

C-28 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
  

 

Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 



 
Appendix C Resource Descriptions Including Laws and Regulations Considered 

 

C-44 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
  

Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-2.  Report on Military Activities in Hawaiian Waters (Continued) 
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Exhibit C-3.  Navy/NOAA Memorandum of Understanding Concerning Military Activities 
and the Hawaiian Islands Humpback Whale National Marine Sanctuary 
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Exhibit C-3.  Navy/NOAA Memorandum of Understanding Concerning Military Activities 
and the Hawaiian Islands Humpback Whale National Marine Sanctuary (Continued) 
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Exhibit C-3.  Navy/NOAA Memorandum of Understanding Concerning Military Activities 
and the Hawaiian Islands Humpback Whale National Marine Sanctuary (Continued) 
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C.4 Cultural Resources 

Cultural resources include prehistoric and historic artifacts, archaeological sites (including 
underwater sites), historic buildings and structures, and traditional resources (such as Native 
American and Native Hawaiian religious sites).  Cultural resources of particular concern include 
properties listed in or eligible for inclusion in the National Register of Historic Places (National 
Register).  Section 106 of the National Historic Preservation Act (16 U.S.C. 470 et seq.) 
requires Federal agencies to take into consideration the effects of their actions on significant 
cultural properties.  Implementing regulations (36 CFR 800) specify a process of consultation to 
assist in satisfying this requirement.  To be considered significant, cultural resources must meet 
one or more of the criteria established by the National Park Service that would make that 
resource eligible for inclusion in the National Register.  The term “eligible for inclusion in the 
National Register” includes all properties that meet the National Register listing criteria specified 
in Department of Interior regulations at 36 CFR 60.4.  Resources not formally evaluated may 
also be considered potentially eligible and, as such, are afforded the same regulatory 
consideration as listed properties.  Whether prehistoric, historic, or traditional, significant cultural 
resources are referred to as historic properties.   

Numerous laws and regulations require that possible effects on important cultural resources be 
considered during the planning and execution of Federal undertakings.  These laws and 
regulations stipulate a process of compliance, define the responsibilities of the Federal agency 
proposing the action, and prescribe the relationship among other involved agencies (e.g., State 
Historic Preservation Officer, the Advisory Council on Historic Preservation).  In addition to the 
NEPA, the primary laws that pertain to the treatment of cultural resources during environmental 
analysis are the National Historic Preservation Act, especially Sections 106 and 110; the 
Archaeological Resources Protection Act of 1979 (16 U.S.C. 470aa-470mm), which prohibits 
the excavation or removal of items of archaeological interest from Federal lands without a 
permit; the Antiquities Act of 1906 (16 U.S.C. 431); and the Native American Graves 
Protection and Repatriation Act (25 U.S.C. 3001 et seq.), which requires that Federal 
agencies return “Native American cultural items” to the Federally recognized native groups with 
which they are associated, and specifies procedures to be followed if such items are discovered 
on Federal land.   

C.5 Hazardous Materials and Waste 

Hazardous Materials 
The U.S. Department of Transportation defines a hazardous material as a substance or material 
that the Secretary of Transportation has determined is capable of posing an unreasonable risk 
to health, safety, and property when transported in commerce, and that has been designated as 
hazardous under Section 5103 of the Federal hazardous materials transportation law (49 U.S.C. 
5103).  The term includes hazardous substances, hazardous wastes, marine pollutants, 
elevated temperature materials, materials designated as hazardous in the Hazardous Materials 
Table (see 49 CFR 172.101), and materials that meet the defining criteria for hazard classes 
and divisions (49 CFR 173).  
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Hazardous Wastes 
Solid waste materials are defined in 40 CFR 261.2 as any discarded material (i.e., abandoned, 
recycled, or “inherently waste-like”) that is not specifically excluded from the regulatory 
definition.  This waste can include materials that are solid, liquid, or gaseous (but contained).  
Hazardous waste is further defined as any solid waste not specifically excluded which contains 
specified concentrations of chemical constituents or has certain toxicity, ignitability, corrosivity, 
or reactivity characteristics. 

Federal Regulations   
The Oil Pollution Act of 1990 required oil storage facilities and vessels to submit to the Federal 
government plans detailing how they will respond to large discharges.  In 2002, however, 
USEPA amended the Oil Pollution Prevention regulation.  The Oil Pollution Prevention and 
Response; Non-Transportation-Related Onshore and Offshore Facilities; Final Rule (40 CFR 
112) requires Spill Prevention, Control, and Countermeasure Plans and Facility Response 
Plans.  These plans outline the requirements to plan for and respond to oil and hazardous 
substance releases.  Chapter 10 (2003) of Chief of Naval Operations Instruction (OPNAVINST) 
5090.1B also describes the Navy’s requirements for oil and hazardous substance spills.  

The Clean Water Act (CWA) prohibits discharges of harmful quantities of hazardous 
substances into or upon U.S. waters out to 200 nm.  Environmental compliance policies and 
procedures applicable to shipboard operations afloat are defined in OPNAVINST 5090.1B 
(2002), Chapter 19.  These instructions reinforce the CWA discharge prohibition.  The Navy’s 
Consolidated Hazardous Materials Reutilization and Inventory Management Program (CHRIMP) 
Manual also contains information to provide to the chain of command, afloat and ashore, to 
assist in developing and implementing hazardous materials management.  Hazardous materials 
on Navy vessels afloat are procured, stored, used, and disposed in accordance with CHRIMP 
and related guidance.   

In 1999, USEPA adopted a final rule intended to establish Uniform National Discharge 
Standards (UNDS) for 25 discharge sources on U.S. military vessels.  The rule exempted 14 
additional sources (40 CFR Part 1700).  Pursuant to this legislation, State and local 
governments are prohibited from regulating the 14 discharges exempted from control, but may 
establish no-discharge zones for them.  The UNDS legislation amended the CWA to exclude 
from the definition of “pollutant” a discharge incidental to the normal operation of a vessel of the 
Armed Forces. 

The Environmental and Natural Resource Program Manual, OPNAVINST 5090.1B provides 
Navy policy, identifies key statutory and regulatory requirements, and assigns responsibility for 
Navy programs, including pollution prevention, clean up of waste disposal sites, and compliance 
with current laws and regulations for the protection of the environment and natural resources.   

The Nuclear Regulatory Commission (Public Law [PL] 93-438, 42 U.S.C. 5801, et seq.) 
regulates radioactive materials, including depleted uranium; enforcement of this statute is 
conducted under 10 CFR 19, 20, 21, 30, and 40, Nuclear Regulatory Commission Standards for 
Protection Against Radiation.  These health and safety standards were established as 
protection against ionizing radiation resulting from activities conducted under the licenses 
issued by the Nuclear Regulatory Commission.  The handling, storage, transport, and disposal 
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of radioactive materials; establishment of  radiation protection programs; and record keeping are 
subject to Nuclear Regulatory Commission requirements. 

“Pollution prevention,” as defined by the Pollution Prevention Act of 1990 (PL 101-508, 42 
U.S.C. 13101, et seq.) and EO 12856 (Federal Compliance with Right-to-Know Laws and 
Pollution Prevention Requirements, August 3, 1993), is “any practice which reduces the amount 
of a hazardous substance, pollutant or contaminant entering any waste stream or otherwise 
released to the environment (including fugitive emissions) prior to recycling, treatment or 
disposal; and any practice that reduces the hazards to public health and the environment 
associated with the release of such substances, pollutants or contaminants.”  The Pollution 
Prevention Act of 1990 requires USEPA to develop standards for measuring waste reduction, 
serve as an information clearinghouse, and provide matching grants to state agencies to 
promote pollution prevention.  Facilities with more than 10 employees that manufacture, import, 
process, or otherwise use any chemical listed in and meeting threshold requirements of 
Emergency Planning and Community Right-to-Know Act must file a toxic chemical source 
reduction and recycling report.   

The Toxic Substances Control Act of 1976 (PL 94-469, 15 U.S.C. 2601, et seq.) establishes 
that USEPA has the authority to require the testing of new and existing chemical substances 
entering the environment, and, subsequently, has the authority to regulate these substances.  
The Toxic Substances Control Act also regulates polychlorinated biphenyls.   

The Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA) as part of 
the SARA Title III establishes the emergency planning efforts at State and local levels and 
provides the public with potential chemical hazards information.  There are two key concepts to 
understanding EPCRA: (1) EPCRA’s intent to inform the public, and (2) a facility has four 
reporting requirements, defined in part by hazardous substance lists and exemptions, for 
emergency planning, emergency notification, community right-to-know, and toxic chemical 
release inventory.  

The Federal Insecticide, Fungicide, and Rodenticide Act of 1972 regulates the labeling 
requirement and disposal practices of pesticide usage.   

The Hazardous Materials Transportation Act of 1975 gives the U.S. Department of 
Transportation authority to regulate shipments of hazardous substances by air, highway, or rail.  
These regulations, found at 49 CFR 171–180, may govern any safety aspect of transporting 
hazardous materials, including packing, repacking, handling, labeling, marking, placarding, and 
routing (other than with respect to pipelines).   

In 1997 USEPA, in consultation with the DoD, developed and published the “Military Munitions 
Rule:  Hazardous Waste Identification and Management; Explosives Emergencies; Manifest 
Exemption for Transport of Hazardous Waste on Right-of-Ways on Contiguous Properties.”  The 
rule defines when conventional and chemical military munitions become solid wastes potentially 
subject to hazardous waste regulations, and establishes procedures and management 
standards for waste military munitions.  This rule establishes the regulatory definition of solid 
waste as it applies to three specific categories of military munitions:  

• Unused munitions;  
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• Munitions being used for their intended purpose; and  

• Used or fired munitions.  
 

Under the Military Munitions Rule, military munitions are not a solid waste for regulatory 
purposes: 

• When a munition is being used for its intended purpose, which includes when a 
munition is being used for the training of military personnel; when a munition is being 
used for research, development, testing, and evaluation; and when a munition is 
destroyed during range clearance operations at active and inactive ranges; and  

• When a munition that has not been used or discharged, including components 
thereof, is repaired, reused, recycled, reclaimed, disassembled, reconfigured, or 
otherwise subjected to materials recovery activities.  
 

State Regulations 
In 2001, Hawaii was authorized by USEPA to administer the Resource Conservation and 
Recovery Act under the Hawaii’s Hazardous Waste Rules.  These rules apply to hazardous 
waste generators; transporters; owners, and operators of treatment, storage, and disposal 
facilities; handlers of universal wastes; and handlers of used oil.  Hawaii’s Hazardous Waste 
Rules are modeled after the Federal hazardous waste rules.  Hawaii’s Department of Health is 
responsible for hazardous waste management.  Title 11 of the Hawaii Administrative Rules 
(HAR) describes the requirements for hazardous waste management.     

Hawaii’s Hazardous Waste Law (Hawaii Revised Statutes [HRS] 342J) authorizes the 
Department of Health to regulate hazardous waste.  Under the Hawaii Hazardous Waste 
Management Act (HRS Title 19, Health, Chapter 342J), the State hazardous waste 
management program provides technical assistance to generators of hazardous waste to 
ensure safe and proper handling.  The hazardous waste management program promotes 
hazardous waste minimization, reduction, recycling, exchange, and treatment as the preferred 
methods of managing hazardous waste, with disposal used only as a last resort when all other 
hazardous waste management methods are ineffective or unavailable.  The State program is 
coordinated with Hawaii’s counties, taking into consideration the unique differences and needs 
of each county.  

C.6  Health and Safety 

Regulatory requirements related to the Occupational Safety and Health Act of 1970 have 
been codified in 29 CFR 1910, General Industry Standards, and 29 CFR 1926, Construction 
Industry Standards.  The regulations contained in these sections specify equipment, 
performance, and administrative requirements necessary for compliance with Federal 
occupational safety and health standards, and apply to all occupational (workplace) situations in 
the United States.  Requirements specified in these regulations are monitored and enforced by 
the Occupational Safety and Health Administration (OSHA), which is a part of the U.S. 
Department of Labor. 

With respect to ongoing work activities, the primary driver is the requirements found in 29 CFR 
1910, Occupational Safety and Health Standards.  These regulations address such items as 
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electrical and mechanical safety and work procedures, sanitation requirements, life safety 
requirements (fire and evacuation safety, emergency preparedness, etc.), design requirements 
for certain types of facility equipment (such as ladders and stair lifting devices), mandated 
training programs (employee Hazard Communication training, use of powered industrial 
equipment, etc.), and recordkeeping and program documentation requirements.  For any 
construction or construction-related activities, additional requirements specified in 29 CFR 1926, 
Safety and Health Regulations for Construction, also apply. 

OPNAVINST 5100.23G, Navy Safety and Occupational Health Program Manual, contains policy 
statements and outlines responsibilities for the implementation of the total safety and 
occupational health program for the Navy.  The Navy’s policy is to provide a safe and healthful 
working place for all personnel.   

All work activities undertaken or managed by the U.S. Army Corps of Engineers, which can 
include many types of Federal construction projects, must comply with the requirements of 
EM 385-1-1, U.S. Army Corps of Engineers Safety and Health Requirements Manual.  In 
many respects the requirements in this manual reflect those in 29 CFR 1910 and 1926, but also 
include Army Corps of Engineers-specific reporting and documentation requirements.   

The Range Commanders Council (RCC) Standard 321, Common Risk Criteria for National 
Test Ranges, sets requirements for minimally-acceptable risk criteria to occupational and non-
occupational personnel, test facilities, and non-military assets during range operations.  
Methodologies for determining risk are also set forth.   

RCC 319-92, Flight Termination System Commonality Standards specifies performance 
requirements for flight termination systems used on various flying weapons systems. 

Requirements pertaining to the safe shipping and transport handling of hazardous materials 
(which can include hazardous chemical materials, radioactive materials, and explosives) are 
found in the Department of Transportation Hazardous Materials Regulations and Motor 
Carrier Safety Regulations codified in 49 CFR 107, 171-180 and 390-397.  These regulations 
specify all requirements that must be observed for shipment of hazardous materials over 
highways (truck shipment) or by air.  Requirements include specific packaging requirements, 
material compatibility issues, requirements for permissible vehicle/shipment types, vehicle 
marking requirements, driver training and certification requirements, and notification 
requirements (as applicable). 

Marine Terminals, 29 CFR 1917, applies to employment within a marine terminal (as defined in 
29 CFR 1917.2) including the loading, unloading, movement or other handling of cargo, ship's 
stores, or gear within the terminal or into or out of any land carrier, holding or consolidation 
area, and any other activity within and associated with the overall operation and functions of the 
terminal, such as the use and routine maintenance of facilities and equipment.  Cargo transfers 
accomplished with the use of shore-based material handling devices are also regulated.   

Air Installation Compatible Use Zones and Aircraft Safety 
The DoD established the Air Installation Compatible Use Zone (AICUZ) program in 1973 to plan 
for land use compatibility in areas surrounding military air installations.  The purposes of the 
AICUZ program are to minimize public exposure to safety hazards associated with aircraft 
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operations and to protect the operational capability of an air installation.  In addition to noise, the 
AICUZ program includes analyses of airfield Accident Potential Zones (APZs) and height and 
obstruction criteria.  An AICUZ study has not been prepared specifically for the Hawaii Range 
Complex (HRC).   

Guidelines for establishing aviation safety zones around helicopter landing zones include clear 
zones and APZs.  Infrequent helicopter operations require designation of a clear zone, but not 
APZs.  The clear zone for VFR aircraft is the same as the takeoff safety zone.  The takeoff 
safety zone constitutes the area under the approach/departure surface until that surface is 50 to 
100 ft above the landing zone elevation.  This zone is required to be free of obstructions.   

Fleet Area Control and Surveillance Facility (FACSFAC) Pearl Harbor is responsible for area 
containment to preclude conflicts with other air traffic under FAA control.  FACSFAC is not 
responsible for safe separation of aircraft operating under VFR in the Warning Areas.  
Commanding Officers will ensure that firing exercises and other hazardous operations have 
been approved and scheduled by the Scheduling Authority.  In all Live Fire Exercises and those 
involving hazards to other units, final responsibility for ensuring the range is clear rests with the 
Commanding Officer of the firing unit.   

Electromagnetic Radiation 
Communications and electronic devices such as radar, electronic jammers, and other radio 
transmitters produce electromagnetic radiation (EMR).  Equipment that produces an 
electromagnetic field has the potential to generate hazardous levels of EMR.  An EMR hazard 
exists when transmitting equipment generates electromagnetic fields that induce currents or 
voltages great enough to trigger electro-explosive devices in ordnance, cause harmful effects on 
people or wildlife, or create sparks that can ignite flammable substances in the area.  EMR can 
pose a health hazard to people or pose an explosive hazard to ordnance or fuels.  Hazards are 
reduced or eliminated by establishing minimum distances from EMR emitters for people, 
ordnance, and fuels.  

Explosive Safety Quantity Distance Arcs and Explosives 
The types and amounts of explosives materials that may be stored in an area are determined by 
the quantity-distance requirements established by the DoD Explosives Safety Board.  Explosive 
Safety Quantity-Distance (ESQD) arcs are defined by the Naval Sea Systems Command, and 
are used to establish the minimum safe distance between munitions storage areas and 
habitable structures.  To ensure safety, personnel movements are restricted in areas 
surrounding a magazine or group of magazines.  ESQD arcs have been developed for the 
Navy's munitions storage facilities at Naval Magazine Pearl Harbor.  

Procedures for notification of underwater detonations are provided by Commander, Naval 
Surface Force, U.S. Pacific Fleet (COMNAVSURFPAC).  Upon receipt of a “Request for 
Detonation of Underwater Ordnance” Commander, Naval Base Pearl Harbor determines 
whether the proposed detonation would constitute any danger, and replies to 
COMNAVSURFPAC by message stating concurrence or objection.  Upon receipt of 
concurrence by appropriate Submarine Operating Authority and Naval Oceanographic 
Processing Facility, COMNAVSURFPAC grants permission via message to the requesting 
command to conduct underwater detonations.  COMNAVSURFPAC simultaneously requests 
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issuance of a local Notice to Mariners from the appropriate U.S. Coast Guard District (U.S. 
Department of the Navy, 2003b). 

High-Velocity Air 
High-velocity air is generated by hovercraft operations during amphibious training activities.  
The high-velocity air that exits the hovercraft creates potential hazards from foreign objects 
propelled due to the force of the air induction during hovercraft operation.  Due to diffusion with 
existing air, as distance from the hovercraft increases, the velocity of the air decreases.  While 
in operation, the hovercraft requires a 250-ft radius safety zone.  Hovercraft such as the Landing 
Craft, Air Cushioned are most likely to generate high-velocity air near members of the public 
during Expeditionary Assault Exercises.  

To a lesser extent than hovercraft operations, high-velocity air also is created near helicopters 
when they land or take off, or hover within about 50 ft of the water surface.  Depending on the 
ground conditions, a 50- to 100-ft diameter safety zone is required when helicopters take off or 
land.  Military personnel are trained in the correct procedures for approaching helicopters at 
landing zones, and these areas are generally restricted to military personnel, so the potential for 
high-velocity air from helicopters to affect public safety is very low. 

Most of the naval training that takes place in the HRC occurs in international waters and 
airspace.  Non-participating aircraft and surface vessels may be present.  Notices to Airmen and 
Notice to Mariners are published to inform the public of training activities and exercises in the 
area that may pose a public safety hazard.  In general, if non-participating aircraft or ships are 
present, hazardous operations are suspended until the range is clear.   

C.7  Land Use 

Land use is described as the human use of land resources for various purposes, including 
economic production, natural resources protection, or institutional uses.  Land uses are 
frequently regulated by management plans, policies, ordinances, and regulations that determine 
the types of uses that are allowable or protect specially designated or environmentally sensitive 
uses.  Potential issues typically stem from encroachment of one land use or activity on another 
or an incompatibility between adjacent land uses that leads to encroachment. 

Any needed modifications to existing agreements or acquisition of any necessary real estate 
rights to accomplish HRC training would be performed by the Navy as required. 

The Federal Coastal Zone Management Act of 1972 (as amended 16 U.S.C. 1451, et seq.,) 
excludes Federal lands from the coastal zone.  However, Federal agencies that conduct 
activities directly affecting the zone must ensure that the activity is consistent with the State’s 
Coastal Zone Management Program.  The Hawaii Coastal Zone Management Program (HRS 
Chapter 205A), which is administered by the Department of Land and Natural Resources, 
regulates public and private uses in the coastal zone.  The objectives and policies of the 
program consist of providing recreational resources; protecting historic and scenic resources 
and the coastal ecosystem; providing economic uses; reducing coastal hazards; and managing 
development in the coastal zone.  The Hawaii Coastal Zone Management Program designates 
special management areas in the coastal zone which are subject to special controls on 
development.  These areas extend inland from the shoreline and are established by the county 
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planning commission or by the county council.  The special management area is a designated 
area inland to the extent necessary to control shorelands, the uses of which have a direct and 
significant impact on the coastal waters. 

C.8  Noise 

Noise is defined as any sound that is undesirable because it interferes with communication, is 
intense enough to damage hearing, diminishes the quality of the environment, or is otherwise 
annoying.  Response to noise varies by the type and characteristics of the noise source, 
distance between source and receptor, receptor sensitivity, and time of day.  Noise may be 
intermittent or continuous, steady or impulsive, and may be generated by stationary sources or 
by transient sources.  Noise receptors can include humans as well as terrestrial and marine 
animals.  Of specific concern are potential noise effects on humans, marine mammals, birds, 
and fish.  Each receptor has higher or lower sensitivities to sounds of varying characteristics.   

Sound levels can be easily measured, but the variability in subjective and physical response to 
sound complicates the analysis of its impact on people.  People judge the relative magnitude of 
sound sensation in subjective terms such as “loudness” or “noisiness.”  Physically, sound 
pressure magnitude is measured and quantified in terms of a level scale in units of decibels (dB). 

The human hearing system is not equally sensitive to sound at all frequencies.  Because of this 
variability, a frequency-dependent adjustment called A-weighting has been devised so that 
sound may be measured in a manner similar to the way the human hearing system responds.  
The abbreviation for A-weighted sound level, dBA, is often used for expressing the units of the 
sound level quantities.  Table C-7 lists typical A-weighted noise levels measured for various 
sources.  When sound levels are read and recorded at distinct intervals over a period of time, 
they indicate the statistical distribution of the overall sound level in a community during the 
measurement period.  The most common parameter derived from such measurements is the 
energy equivalent sound level (Leq).  Leq is a single-number noise descriptor that represents the 
average sound level in a real environment where the actual noise level varies with time. 

While the A-weighted scale is often used to quantify the sound level of an individual event, the 
degree of annoyance perceived by individuals depends on a number of factors.  Some of the 
factors identified by noise researchers that affect our perception and cause us to categorize a 
sound as an annoyance or “noise” are magnitude of the event sound level in relation to the 
background (i.e., ambient) sound level, duration of the sound event, frequency of occurrence of 
events, and time of day at which events occur. 

Several methods have been devised to relate noise exposure over time to community response.  
USEPA has developed the Day-Night Average Sound Level (Ldn) as the rating method to 
describe long-term annoyance from environmental noise.  Ldn is similar to a 24-hour Leq A-
weighted, but with a 10 dB penalty for nighttime (10:00 p.m. to 7:00 a.m.) sound levels to 
account for the increased annoyance that is generally felt during normal sleep hours.  The Air 
Force also uses Ldn for evaluating community noise impact. 
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Table C-7.  Noise Levels of Common Sources 

Source 
Noise Level  

(in A-weighted decibels) Comment 
Air raid siren  120 At 50 feet (threshold of pain) 
Rock concert 110  
Airplane, 747 102.5 At 1,000 feet 
Jackhammer 96 At 10 feet 
Power lawn mower 96 At 3 feet 
Football game 88 Crowd size: 65,000 
Freight train at full speed 88 to 85 At 30 feet 
Portable hair dryer 86 to 77 At 1 feet 
Vacuum cleaner 85 to 78 At 5 feet 
Long range airplane 80 to 70 Inside 
Conversation 60  
Typical suburban background 50  
Bird calls 44  
Quiet urban nighttime 42  
Quiet suburban nighttime 36  
Library 34  
Bedroom at night 30   

 Source:  Cowan, 1994 

The Community Noise Equivalent Level (CNEL) has been adopted by the State of California for 
environmental noise monitoring purposes.  CNEL is also similar to the A-weighted Leq, but 
includes a penalty of 5 dB during evening hours (7:00 p.m. to 10:00 p.m.), while nighttime hours 
(10:00 p.m. to 7:00 a.m.) are penalized by 10 dB.  For outdoor noise, the Ldn noise descriptor is 
usually 0.5 to 1 dB less than CNEL in a given environment. 

CNEL and Ldn values can be useful in comparing noise environments and indicating the potential 
degree of adverse noise impact.  However, averaging the noise event levels over a 24-hour 
period tends to obscure the periodically high noise levels of individual events and their possible 
adverse effects.  In recognition of this limitation of the CNEL and Ldn metrics, USEPA uses single-
event noise impact analyses for sources with a high noise level and short duration. 

The maximum sound level (Lmax) is a noise descriptor that can be used for high-noise sources of 
short duration, such as space vehicle launches.  The Lmax is the greatest sound level that occurs 
during a noise event.  The term “peak” defines peak sound over an instantaneous time frame for 
a particular frequency. 

Federal and State governments have established noise regulations and guidelines for the purpose 
of protecting citizens from potential hearing damage and various other adverse physiological, 
psychological, and social effects associated with noise.  The Federal government preempts the 
State on control of noise emissions from aircraft, helicopters, railroads, and interstate highways. 
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The Noise Control Act (PL 92-574, 42 U.S.C. 4901, et seq.) directs all Federal agencies, to the 
fullest extent within their authority, to carry out programs within their control in a manner that 
promotes an environment free from noise that jeopardizes the health or welfare of any 
American.  The act requires a Federal department or agency engaged in any activity resulting in 
the emission of noise to comply with Federal, State, interstate, and local requirements 
respecting control and abatement of environmental noise.  OSHA has established noise limits 
for workers.  For an 8-hour workday, people should not be exposed to a continuous noise level 
greater than 90 dBA.  In addition, personnel should not be exposed to noise levels higher than 
115 dBA for periods longer than 15 minutes.  For the general public, USEPA recommends a 24-
hour average noise level not to exceed 70 dBA.  Table C-8 shows permissible noise exposures.  
The DoD Noise–Land Use Compatibility Guidelines state that sensitive land use, such as 
residential areas, are incompatible with annual Ldn greater than 65 dBA.  Table C-9 shows land 
use zones for noise and accompanying day-night noise levels. 

Table C-8.  Permissible Noise Exposures* 

Duration  
(hours per day) 

Sound level (dBA) 
Slow Response 

8 90 
6 92 
4 95 
3 97 
2 100 
1 to 1.5 102 
1 105 
0.5 110 
0.25 or less 115 

Source: 29 CFR 1910.95, Table G-16 
*Exposure to impulsive or impact noise should not  
exceed 140 dB peak sound pressure level 

 
Table C-9.  Definition of Land Use Zones for Noise 

Noise 
Zone 

Compatibility with Noise 
Sensitive Land Uses 

Percent of Population Highly 
Annoyed 

C-Weighted Annual Average 
Day-Night Sound Level (Ldn) 

I Acceptable Less than 15% Less than 62 dB 
II Normally Unacceptable 15-39% 62–70 dB 
III Unacceptable More than 39% More than 70 dB 

Source: U.S. Department of the Army, Regulation 200-1 
 

C.9  Socioeconomics 

Socioeconomics describes the social and economic character of a community through the 
review of several metrics including population size, employment characteristics, income 
generated, and the type and cost of housing.  This section presents a socioeconomic overview 
of the region.   
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C.10  Transportation 

Ground Transportation 
Traffic circulation refers to the movement of ground transportation vehicles from origins to 
destinations through a road and rail network.  Roadway operating conditions and the adequacy 
of the existing and future roadway systems to accommodate these vehicular movements usually 
are described in terms of the volume-to-capacity ratio, which is a comparison of the average 
daily traffic volume on the roadway to the roadway capacity.  The volume-to-capacity ratio 
corresponds to a Level of Service (LOS) rating, ranging from free-flowing traffic conditions (LOS 
A) for a volume-to-capacity of usually less than 30 percent of the roadway capacity to forced-
flow, congested conditions (LOS F) for a volume-to-capacity of 100 percent of the roadway 
capacity (U.S. Department of Defense, 2004). 

Waterways 
Water traffic is the transportation of commercial, private, or military vessels at sea, including 
submarines.  Sea traffic flow in congested waters, especially near coastlines, is controlled by the 
use of directional shipping lanes for large vessels (cargo, container ships, and tankers).  Traffic 
flow controls also are implemented to ensure that harbors and ports-of-entry do not become 
congested.  There is less control on ocean traffic involving recreational boating, sport fishing, 
commercial fishing, and activity by naval vessels.  However, Navy vessels follow military 
procedures and orders (e.g., Fleet Forces Command) as well as Federal, State, and local marine 
regulations.  In most cases, the factors that govern shipping or boating traffic include adequate 
depth of water, weather conditions (primarily affecting recreational vessels), the availability of fish 
of recreational or commercial value, and water temperature (higher water temperatures will 
increase recreational boat traffic and diving activities) (U.S. Department of Defense, 2004). 

Airways 
Air transportation is the movement of aircraft through airspace.  The control of airspace used by 
air traffic varies from very highly controlled to uncontrolled areas.  Examples of highly controlled 
air traffic situations are flight in the vicinity of airports, where aircraft are in critical phases of flight 
(take-off and landing); flight under IFR; and flight on the high or low altitude route structure 
(airways).  Less-controlled situations include flight VFR or flight outside of U.S. controlled 
airspace (e.g., flight over international waters off the coast of Hawaii) (U.S. Department of 
Defense, 2004).   

C.11 Water Resources 

Regulatory Context 
Federal 
The objective of the CWA and its amendments is to “restore and maintain the chemical, 
physical and biological integrity of the nation’s waters.”  The overall goal of the CWA is to 
produce waters of the United States that are “fishable and swimmable.”  Under the CWA, the 
Federal government delegated responsibility for establishing water quality criteria to each State, 
subject to approval by USEPA.  
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A primary means of evaluating and protecting water quality is establishing and enforcing water 
quality standards.  Water quality standards consist of:  

• Designated beneficial uses of water (for example, drinking, recreation, aquatic life); 

• Numeric criteria for physical and chemical characteristics for each type of designated 
use; 

• An “antidegradation” provision to protect uses and water quality. 
 

In accordance with the CWA, States define the uses of waters within their borders, and each 
water body must be managed in accordance with its designated uses.  Water quality standards 
are established for each designated use.  Standards must be at least as stringent as those 
established by USEPA.  Most States have adopted the USEPA standards. 

Under Section 313 of the CWA, Federal agencies must comply with all Federal, State, 
interstate, and local requirements to control and abate water pollution.  Compliance includes 
managing any activity that may result in the discharge or runoff of pollutants.  The CWA does 
not apply, however, to Navy training more than 3 nm from the shoreline of the United States. 

Water bodies that do not meet designated minimum quality standards are listed as “impaired” 
waters.  For impaired water bodies, States are expected to develop Total Maximum Daily Loads 
(TMDLs), which are the amounts of pollutants that can be delivered to a body of water without 
exceeding the water quality standards.  Based on the TMDLs that are developed, the State can 
limit discharges of pollutants to achieve the minimum water quality standards.  Hawaii has 
identified 70 streams and 174 coastal stations as impaired waters. 

State 
HRS Chapter 342D authorizes Hawaii's Department of Health to regulate water quality in 
Hawaii.  Hawaii’s water quality regulations are found in HAR Title 11, Chapters 54, 55 (Water 
Pollution Control), 62 (Wastewater Systems), and 64 (Water Quality Standards).  The 
Department of Health Clean Water Branch protects coastal and inland water resources, its Safe 
Drinking Water Branch safeguards Hawaii’s potable surface and ground waters, and its 
Wastewater Branch regulates water pollution control and wastewater treatment plants.  The 
Clean Water Branch administers the Federal National Pollutant Discharge Elimination System 
program and issues State water quality certifications under Section 404 of the CWA. 

The Non-Point Source Pollution Management and Control Law (HRS 342E) authorizes the 
Department of Health to regulate the runoff of polluted water into lakes, streams, and coastal 
waters.  This program was established pursuant to portions of the Federal Water Pollution 
Control Act and Coastal Zone Act Reauthorization Amendments. 

Water quality is evaluated relative to criteria established under State Water Quality Standards 
(HAR 11-54).  A water body may be polluted by a point source (e.g., sewage or industrial plant 
outfall) or by non-point-source pollution, which is caused by precipitation moving over and 
through the ground, picking up and carrying pollutants and depositing them in water bodies.  
Examples of non-point-source pollution are runoff from agricultural fields and urban streets. 
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Water quality is an increasing concern in Hawaii.  Hawaii's Department of Health is 
promulgating contaminant TMDLs for impaired surface waters, pursuant to Section 303(d) of the 
CWA that will further restrict the allowable amounts of pollutants in surface runoff.   

Training activities that disturb vegetation or soils can increase sediment concentrations.  
Training may also result in releases of petroleum products and other pollutants to surface 
waters.  On live fire ranges, explosive and propellant residues, residues from munitions 
remnants (e.g., heavy metals), and residues from targets could be a particular concern.  At 
some point, further increases in training may conflict with achieving and maintaining Federally 
mandated TMDLs. 

The State's 1991 Hawaii Ocean Resources Management Plan (ORMP) identified strategies 
for conserving and enhancing ocean resources, and for coordinating the resource management 
efforts of State agencies.  The ORMP was updated in 2006.  The September 2006 Draft ORMP 
focuses on (a) reducing pollutant discharges into the ocean, (b) resolving conflicts between 
expanded urban development, increased tourism, and resource conservation, (c) addressing a 
trend toward decreased agricultural runoff and increased urban runoff, and (d) managing 
increased vessel traffic. 
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APPENDIX D   
HAWAII RANGE COMPLEX TRAINING 

Table D-1 lists descriptions of training areas in the Hawaii Range Complex (HRC). 

Table D-1.  Hawaii Range Complex Training Areas 
Training Area Description 

OPEN OCEAN & OFFSHORE 

Northern Warning Areas 

W-188 Rainbow, W-189, 
W-190 

The Northern Warning Areas lie north of Kauai and Oahu.  These areas are available 
from the surface to an unlimited altitude and are used for surface and air operations.   

Southern Warning Areas 

W-186, W-187, W-192, W-
193, W-194 

The Southern Warning Areas are located south of Kauai and Oahu.  Available from 
the surface to an unlimited altitude, they are used for air and surface operations. 

W-191 W-191, located directly south of Oahu, is available from the surface to 3,000 feet (ft) for
air and surface operations. 

W-196 W-196 is used only for surface and helicopter operations.  The airspace extends from 
the surface to 2,000 ft, and is not available to fixed-wing aircraft. 

Kapu/Quickdraw, Wela 
Hot Areas 

Kapu/Quickdraw and Wela Hot Areas are located completely within W-192.  These 
Areas are used for surface-to-air and air-to-air gunnery, air-to-surface bombing and 
gunnery, and jettisoning of ordnance.  

Air Traffic Control Assigned Airspace (ATCAA) 

Nene Nene is the only ATCAA associated with the Northern Warning Areas.  It is typically 
activated for use during Hawaii Air National Guard intercept training. 

Pali Pali is a roughly 40-nautical-mile (nm) circular area over Oahu, from 25,000 ft to an 
unlimited altitude, although it is normally not available below 28,000 ft.  Pali is used by 
high-altitude aircraft transiting between the Northern and Southern Warning Areas. 

Taro Taro overlies W-191, sharing the same borders and, when available, extending its 
airspace from 3,000 ft to 16,000 ft.  This airspace allows aircraft to remain in controlled 
airspace while testing above W-191’s 3000-ft ceiling. 

Quint Quint is located 45 nm southwest of Honolulu, with available airspace from flight level 
(FL) 250 to an unlimited altitude, although it is usually not available below FL 280.   

Mela North, Mela Central, 
Mela South 

The Mela ATCAAs connect the western border of W-192 with the southern border of 
W-186 (Pacific Missile Range Facility [PMRF]).  They are available from the floor of 
controlled airspace (1,200 ft) to an unlimited altitude, except for Mela North which has a 
ceiling of 15,000 ft.  

Mako, Lono West, Lono 
Central, Lono East 

The Mako and Lono ATCAAs are available to extend the Special Use Airspace of Mela 
South, W-192, W-193, and W-194 by an additional 104 nm.  All are available from the 
floor of controlled airspace to an unlimited altitude, and are activated to provide more 
southern area airspace. 

Pele Pele provides a transit corridor from W-194 and Lono East into R-3103 airspace over 
Pohakuloa Training Area on Hawaii.  When activated, Pele extends from 16,000 ft to FL 
290. 
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Table D-1.  HRC Training Areas (Continued) 
Training Area Description 

Kaula  

R-3107,  
W-187 

Kaula is a 0.5-nm by 0.7-nm island surrounded by a 3-nm radius restricted area 
(R-3107), and a 5-nm radius warning area (W-187).  Both R-3107 and W-187 extend 
from surface to 18,000 ft.   

Pacific Missile Range Facility (PMRF) 

W-186, W-188 W-186 extends from surface to 9,000 ft, and W-188 extends from surface to unlimited.  
These two warning areas support activities at PMRF. 

R-3101, Majors Bay R-3101 extends from surface to unlimited and provides necessary airspace to support 
training and research, development, test, and evaluation activities at PMRF.  Majors 
Bay lies beneath R-3101 and includes beach area on PMRF property. 

Barking Sands Tactical 
Underwater Range 
(BARSTUR) 

BARSTUR is an instrumented underwater range that provides approximately 120 nm2 
of underwater tracking of participants and targets 

Barking Sands Underwater 
Range Expansion 
(BSURE) 

BSURE extends BARSTUR to the north, providing an additional 900 nm2 of underwater 
tracking capability. 

Other Restricted Areas 

Ewa Training Minefield The Ewa Training Minefield is an ocean area extending from Ewa Beach approximately 
2 nm toward Barbers Point, and out to sea approximately 4 nm.  This restricted area 
has been used in the past for surface ship mine avoidance training.  

Submarine Operating Area The Submarine Operating Area encompasses the entire ocean area of the Hawaii 
Range Complex.  This area is bounded by 17N, 25N, 154W, and 162 W. 

Naval Undersea Warfare Center (NUWC), Detachment Pacific Ranges 
Fleet Technical Evaluation 
Center (FTEC) 

The FTEC Range Operations Building is located on the southern shore of Oahu, 
west of the former Barbers Point Naval Air Station.  The FTEC supports SESEF 
events, and will support FORACS events in the future. 

Shipboard Electronic 
Systems Evaluation 
Facility (SESEF) 

The SESEF range is located south and west of FTEC.  Ships operate and maneuver 
in this area as necessary to remain within electronic signal reception range of FTEC.  

Fleet Operational 
Readiness Accuracy 
Check Site (FORACS) 

The FORACS range includes an approximately 5-nm by 5-nm ocean area just 
offshore of the southwestern coast of Oahu, northwest of the SESEF range.   

Explosive Ordnance Disposal (EOD) Ranges 
West Loch EOD Shore 
Area 

The EOD shore area consists of a 2.75-acre facility at Naval Magazine Pearl Harbor 
West Loch. 

Lima Landing Underwater 
Area 

Lima Landing is a small underwater area just off an abandoned concrete pier at the 
approach to Pearl Harbor near the entrance of West Loch.   

Puuloa Underwater Range The Puuloa Underwater Range is a 1 nm2 area in the open ocean outside and to the 
west of the entrance to Pearl Harbor. 
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Table D-1.  HRC Training Areas (Continued) 
Training Area Description 

ONSHORE  
Kauai Activities occur at the following PMRF locations: Main Base, Makaha Ridge, Kokee, 

Kamokala Magazine, Hawaii Air National Guard, Kauai Test Facility, Port Allen, 
Kikiaola Boat Harbor, and Mt. Kahili. 

Niihau Activities occur at Perch site, and other authorized areas. 
Kaula Kaula is used exclusively for air-to-ground bombing and gunnery training. 
Oahu Activities occur at Naval Inactive Ship Maintenance Facility, Pearl Harbor, EOD Land 

Range Naval Magazine Pearl Harbor West Loch, Marine Corps Training 
Area/Bellows, Ford Island, Marine Corps Base Hawaii, Hickam Air Force Base, 
Wheeler Army Airfield, Schofield Barracks (R-3109), Coast Guard Station Barbers 
Point/Kalaeloa Airport, Makua Military Reservation (R-3110), Kahuku Training Area 
(A-311), Kaena Point, Mt. Kaala, Wheeler Network Communications Control, and 
Dillingham Military Reservation. 

Maui Activities occur at Maui Space Surveillance System, Maui High Performance 
Computing Center, and Sandia Maui Haleakala Facility. 

Hawaii Activities occur at Pohakuloa Training Area (R-3103) and adjacent leased property, 
Bradshaw Army Airfield, and Kawaihae Pier.  

 
Anti-Air Warfare  
Air Combat Maneuver  
Air Combat Maneuver (ACM) includes basic flight maneuvers where aircraft engage in offensive 
and defensive maneuvering against each other.  These maneuvers typically involve supersonic 
flight and use of chaff and flares.  No air-to-air ordnance is released during this training event.  
ACM training events within the HRC are primarily conducted within W-188, W-189, W-190, 
W-192, W-193, and W-194 under Fleet Area Control and Surveillance Facility (FACSFAC) Pearl 
Harbor’s control.  These training events typically involve from two to eight aircraft.  However, 
based on the training requirement, ACM training events may involve over a dozen aircraft.  
Sorties can be as short as 30 minutes or as long as 2 hours, but the typical ACM mission has an 
average duration of 1.5 hours.  No live ordnance is used, only chaff and flares. 

Baseline Training Events 

Air Combat Maneuver 
(ACM) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

3.2.3 
W-188, 189, 

190, 192, 193, 
194 

Ops 1.5 738 

 

Air-to-Air Missile Exercise 
In an Air-to-Air Missile Exercise (A-A MISSILEX), missiles are fired from aircraft against 
unmanned aerial target drones such as BXM-34s and BQM-74s.  Additionally, weapons may be 
fired against flares or Tactical Air Launched Decoys dropped by supporting aircraft.  Typically, 
about half of the missiles fired have live warheads and half have telemetry packages.  The fired 
missiles and targets are not recovered, with the exception of the BQM drones, which have 
parachutes and will float to the surface, where they are recovered by boat. 
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A-A MISSILEX training events include 1 to 6 jet target drones, 2 to 20 aircraft, 2 to 20 missiles, 
and a weapons recovery boat for target recovery, and are conducted within Pacific Missile 
Range Facility (PMRF) Warning Area W-188.  Jet target drones are launched from an existing 
ground-based target launch site at PMRF Launch Complex, from a Mobile Aerial Target Support 
System (MATSS) located in the open ocean within the PMRF Warning Areas, or from an aircraft 
controlled by PMRF.  The targets are engaged by aircraft equipped with air-to-air missiles.  The 
targets are tracked by the aircraft and then the air-to-air missiles are launched at the targets.  
Recoverable target drones and all recoverable elements are refurbished and reused.  Live and 
inert missiles can be fired during this training event. 

Baseline Training Events 

A-A MISSILEX 
NTA Area Metric Duration 

(Hours) 
Total 

Training Events 

3.2.3 W-188 Ops 2-6 12 

 

Surface-to-Air Gunnery Exercise 
A Surface-to-Air Gunnery Exercise (S-A GUNEX) requires an aircraft or missile that will fly high 
or low altitude threat profiles.  Commercial aircraft also tows a target drone unit that ships track, 
target, and engage with their surface-to-air weapon systems.  The training event involves 1 to 
10 surface vessels, towed aerial targets, and/or jet aerial targets.  Ship-deployed and air-
deployed weapons systems are used, ranging from 20-mm to 5-inch caliber guns.  GUNEX 
events are conducted within PMRF Warning Areas W-186 and W-188, Oahu Warning Areas 
W-187 (Kaula), W-194, and Restricted Airspace R-3107 (Kaula).  Live and inert missiles can be 
fired during this training event. 

Baseline Training Events 

Surface to Air Gunnery 
Exercise 

(S-A GUNEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.7 W-188, 192, 
Mela South Ops 3.1 86 

 

Surface-to-Air Missile Exercise 
A Surface-to-Air Missile Exercise (S-A MISSILEX) involves surface combatants firing live 
missiles (RIM-7 Sea Sparrows, SM-1 or SM-2 Standard Missiles) at target drones.  The surface 
ship must detect, track, and engage the target using its onboard weapon systems.  The purpose 
of the training event is to provide realistic training and evaluation of surface ships and their 
crews in defending against enemy aircraft and missiles. 

Target drones representing enemy aircraft or missiles are flown or towed into the vicinity of the 
surface ship.  The crew must identify the incoming object and respond with surface-to-air 
missiles as appropriate.  There are two types of missiles: one type of missile is equipped with an 
instrumentation package, while the other type is equipped with a warhead.  Recoverable target 
drones are refurbished and reused. 
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The training event consists of one or more surface ships, one or more target drones, and a 
helicopter and weapons recovery boat for target recovery.  The surface-to-air missiles are 
launched from ships located within PMRF Warning Area W-188.  Targets are launched from an 
existing ground-based target launch site at PMRF Launch Complex; from a MATSS located in 
the open ocean within the PMRF Warning Areas; or released from an aircraft.  Live missiles are 
fired at target drones. 

Baseline Training Events 

Surface-to-Air Missile 
Exercise 

(S-A MISSILEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

3.2.7 W-188 Ops 5.1 17 

 
Chaff Exercise  
A Chaff Exercise (CHAFFEX) trains aircraft and shipboard personnel in the use of chaff to 
counter anti-ship missile threats.  During a CHAFFEX, the ship combines maneuvering with 
deployment of multiple rounds of MK-36 super rapid bloom offboard chaff to confuse incoming 
missile threats, simulated by aircraft.  In an integrated CHAFFEX scenario, helicopters deploy 
air-launched, rapid-bloom offboard chaff in pre-established patterns designed to enhance anti-
ship missile defense.  CHAFFEXs average 3.8 hours in duration.  No ordnance is used during 
this training event. 

Baseline Training Events 

Chaff Exercise 
(CHAFFEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.9 Hawaii 
Operating Area Ops 3.8 34 

 
Amphibious Warfare 

Naval Surface Fire Support Exercise (NSFS) 
Navy surface combatants conduct Fire Support Exercise (FIREX) events at PMRF on a virtual 
range against “Fake Island,” located on Barking Sands Tactical Underwater Range (BARSTUR).  
Fake Island is unique in that it is a virtual landmass simulated in three dimensions.  Ships 
conducting FIREX training against targets on the island are given the coordinates and elevation 
of targets.  PMRF is capable of tracking fired rounds to an accuracy of 30 feet (ft).  Live gunnery 
rounds are fired into the ocean during this training event. 

Baseline Training Events 

Naval Surface Fire 
Support Exercise NSFS 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.8 W-188 Ops 8.1 4 
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Expeditionary Assault 
An Expeditionary Assault training event provides a realistic environment for amphibious training, 
reconnaissance training, hydrographic surveying, surf condition observance, and 
communication.  Expeditionary Assault (formerly known as Amphibious Exercise) consists of a 
seaborne force assaulting a beach with a combination of helicopters, Vertical Takeoff and 
Landing (VTOL) aircraft, Landing Craft Air Cushion (LCAC), Amphibious Assault Vehicles 
(AAVs), Expeditionary Fighting Vehicle (EFV) and landing craft.  More robust Expeditionary 
Assault events include support by Naval Surface Fire Support (NSFS), Close Air Support (CAS), 
and Marine artillery. 

Types of amphibious landing craft and vehicles include: 

• LCAC, an air-cushioned vessel equipped with an open-bay craft with roll-on, roll-off 
ramps capable of carrying tank-sized vehicles or up to 185 troops.  The LCAC is 
approximately 88 ft by 47 ft. 

• Landing Craft, Utility (LCU), a displacement hull craft designed to land very heavy 
vehicles, equipment, and cargo or up to 400 troops on the beach.  The LCU is 
approximately 135 ft by 29 ft. 

• AAV, a tracked, armored personnel carrier with a capacity of 21 troops.  The AAV is 
approximately 24 ft by 13 ft. 

• Combat Rubber Raiding Craft (CRRC), a lightweight, inflatable boat carrying up to 8 
people used for raid and reconnaissance missions.  The CRRC is approximately 16 
ft by 6 ft. 

• Rigid Hull, Inflatable Boat (RHIB), similar to the CRRC, but larger, carrying up to 15 
people.  The RHIB is approximately 24 ft by 9 ft. 
 

An Expeditionary Strike Group (ESG) is normally a mix of three to five amphibious ships 
equipped with aircraft landing platforms for helicopter and fixed wing activities and well decks for 
carrying landing craft and AAVs.  The ESG typically launches its aircraft and landing craft up to 
25 miles from a training beachhead.  AAVs are typically launched approximately 2,000 yards 
from the beach.  The aircraft provide support while the landing craft approach and move onto 
the beach.  The troops disperse from the landing craft and use existing vegetation for cover and 
concealment while attacking enemy positions.  The landing craft and troops proceed to a 
designated area where they stay 1 to 4 days.  When the Expeditionary Assault training event is 
complete, the backload takes place.  The backload is normally accomplished over a 2- to 3-day 
period.  

Amphibious landings are restricted to specific areas of designated beaches.  Before each major 
amphibious landing training event is conducted, a hydrographic survey is performed to map out 
the precise transit routes through sandy bottom areas.  During the landing, the crews follow 
established procedures, such as having a designated lookout watching for other vessels, 
obstructions to navigation, marine mammals (whales or monk seals), or sea turtles.  The 
primary location for the amphibious landings is Majors Bay, PMRF, Kauai (Figure D-1).  
Amphibious landings could also occur at Marine Corps Base Hawaii (three beaches), Marine 
Corps Training Area–Bellows (MCTAB), Oahu (Figure D-2), and K-Pier boat ramp, Kawaihae, 
Hawaii.  No ordnance is used during this training event. 
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AMPHIBEX / Demolition Area 
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AAV      Amphibious Assault Vehicle
CRRC   Combat Rubber Raiding Craft
LCAC    Landing Craft, Air Cushioned
LCU      Landing Craft, Utility
RHIB     Rigid Hull, Inflatable Boat

Marine Corps
Training Area / Bellows

Amphibious Landing
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Baseline Training Events 

Expeditionary Assault 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

1.5.4 

Pacific Missile Range 
Facility, Marine Corps 

Training Area-
Bellows, Kawaihae 

Pier 

Ops 48 11 

 

Anti-Surface Warfare 
Visit, Board, Search, and Seizure 
Visit, Board, Search, and Seizure (VBSS) is conducted to train helicopter crews to insert 
personnel onto a vessel for the purpose of inspecting the ship’s personnel and cargo for 
compliance with applicable laws and sanctions.  VBSS training requires a cooperative surface 
ship.  Typical duration of a VBSS is approximately 1.5 hours.  No ordnance is used during this 
training event. 

Baseline Training Events 

Visit, Board, Search, 
and Seizure (VBSS) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

1.4.6 Hawaii 
Operating Area Ops 1.5 60 

 

Surface-to-Surface Gunnery Exercise 
Surface-to-Surface Gunnery Exercises (S-S GUNEX) take place in the open ocean to provide 
gunnery practice for Navy and Coast Guard ship crews.  S-S GUNEX training events conducted 
in the Offshore Operating Area (OPAREA) involve stationary targets such as an MK-42 Floating 
At Sea Target (FAST) or an MK-58 marker (smoke) buoy.  An S-S GUNEX lasts approximately 
2 to 4 hours, depending on target services and weather conditions. 

The gun systems employed against surface targets include the 5-inch, 76-millimeter (mm), 25-
mm chain gun, 20-mm Close In Weapon System, and .50-caliber machine gun.  Typical 
ordnance expenditure for a single GUNEX is a minimum of 21 rounds of 5-inch or 76-mm 
ammunition, and approximately 150 rounds of 25-mm or .50-caliber ammunition.  Both live and 
inert training rounds are used.  After impacting the water, the rounds and fragments sink to the 
bottom of the ocean.   

There are three new rounds of 5-inch gun ordnance nearing introduction to the Fleet.  The High 
Explosive Electronically Timed Projectile is a standard High Explosive round with an improved 
electronically timed fuse.  The Kinetic Energy Projectile, commonly called the “BB” round, 
contains 9,000 tungsten pellets and is designed to be fired down a bearing at incoming boats.  
The EX-171 Extended Range Guided Munition projectile is a major component of the Navy’s 
littoral warfare concept.  The 5-inch, rocket-assisted projectile is capable of carrying a 4-caliber 
submunition, and will be fired from the new 5-inch, 62-caliber gun being installed on Arleigh 
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Burke (DDG-51) class destroyers.  Live gunnery rounds are fired at surface targets during this 
training event. 
 

Baseline Training Events 

Surface-to-Surface 
Gunnery Exercise 

(S-S GUNEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.1.1 
W-191, 192, 

193, 194, 196, 
Mela South,  

Ops 2 to 4 14 

 

Surface-to-Surface Missile Exercise 
A Surface-to-Surface Missile Exercise (S-S MISSILEX) involves the attack of surface targets at 
sea by use of cruise missiles or other missile systems, usually by a single ship conducting 
training in the detection, classification, tracking and engagement of a surface target.  
Engagement is usually with surface-to-surface Harpoon missiles or Standard missiles.  Targets 
include virtual targets or the seaborne powered target (SEPTAR) or ship deployed surface 
target.   

S-S MISSILEX includes 4 to 20 surface-to-surface missiles, SEPTARs, a weapons recovery 
boat, and a helicopter for environmental and photo evaluation.  All missiles are equipped with 
instrumentation packages or a warhead.  Surface-to-air missiles can also be used in a surface-
to-surface mode. 

S-S MISSILEX activities are conducted within PMRF Warning Area W-188.  Each training event 
typically lasts 5 hours.  Future S-S MISSILEX could range from 4 to 35 hours.  Live and inert 
missiles are fired against surface targets during this training event. 

Baseline Training Events 

Surface-to-Surface 
Missile Exercise  
(S-S MISSILEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.1.1 Pacific Missile Range 
Facility (W-188) Ops 5.0 7 

 

Air-to-Surface Gunnery Exercise 
Air-to-Surface Gunnery Exercise (A-S GUNEX) training events are conducted by rotary-wing 
aircraft against stationary targets (FAST and smoke buoy).  Rotary-wing aircraft involved in this 
training event include a single SH-60 using either 7.62-mm or .50-caliber door-mounted 
machine guns.  A typical GUNEX lasts approximately 1 hour and involves the expenditure of 
approximately 400 rounds of .50-caliber or 7.62-mm ammunition.  Live gunnery rounds are fired 
at surface targets during this training event. 
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Baseline Training Events 

Air-to-Surface Gunnery 
Exercise  

(A-S GUNEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.1.1 Hawaii Operating 
Area Ops 1.1 128 

 

Air-to-Surface Missile Exercise 
The Air-to-Surface Missile Exercise (A-S MISSILEX) consists of releasing a forward-fired, 
guided weapon at the designated towed target.  The training event involves designating the 
target with a laser.  

A-S MISSILEX training that does not involve the release of a live weapon can take place if a 
captive air training missile (CATM), simulating the weapon involved in the training, is carried.  
The CATM MISSILEX is identical to a Live Fire Exercise (LFX) in every aspect except that a 
weapon is not released.  The training event requires a laser-safe range as the target is 
designated just as in an LFX. 

From 1 to 16 fixed wing aircraft and/or helicopters, carrying air training missiles or flying without 
ordnance (dry runs), are used during the training event.  Missiles include air-to-surface missiles 
and anti-radiation missiles (electromagnetic radiation source-seeking missiles).  When a high-
speed anti-radiation missile (HARM) is used, the event is called a HARMEX.  At sea, SEPTARs, 
Improved Surface Towed Targets, and excess ship hulks are used as targets.  Inert HELLFIRE 
missiles are fired at targets during this training event. 

Baseline Training Events 

Air-to-Surface Missile 
Exercise 

(A-S MISSILEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

3.2.1.1 Pacific Missile Range 
Facility (W-188) Ops 5.5 36 

 

Bombing Exercise (BOMBEX [Sea]) 
Fixed-wing aircraft conduct BOMBEX (Sea) against stationary targets (MK-42 FAST or MK-58 
smoke buoy) at sea.  An aircraft clears the area, deploys a smoke buoy or other floating target, 
and then sets up a racetrack pattern, dropping on the target with each pass.  At PMRF, a range 
boat might be used to deploy the target for an aircraft to attack.  Live and inert bombs are 
dropped on surface targets during this training event. 
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Baseline Training Events 

Bombing Exercise 
(BOMBEX) (Sea) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.1.1 Hawaii Operating 
Area Ops 6.0 35 

 

Sinking Exercise  
A Sinking Exercise (SINKEX) provides training to ship and aircraft crews in delivering live 
ordnance on a real target.  Each SINKEX uses an excess vessel hulk as a target that is 
eventually sunk during the course of the training event.  The target is an empty, cleaned, and 
environmentally remediated ship hull that is towed to a designated location where multiple types 
of weapons are used against the hulk.  SINKEX vessels can number from one to as many as six 
during a Major Exercise.  The duration of a SINKEX is unpredictable since it ends when the 
target sinks, sometimes immediately after the first weapon impact and sometimes only after 
multiple impacts by a variety of weapons. 

Weapons can include missiles, precision and non-precision bombs, gunfire, and torpedoes. 
Examples of missiles that could be fired at the targets include AGM-142 from a B-52 bomber, 
Walleye AGM-62 from FA-18 aircraft, and a Harpoon from a P-3C aircraft.  Surface ships and 
submarines may use either torpedoes or Harpoons, surface-to-air missiles in the surface-to-
surface mode, and guns.  Other weapons and ordnance could include, but are not limited to, 
bombs, Mavericks, and Hellfire.    

If none of the shots result in the hulk sinking, either a submarine shot or placed explosive 
charges are used to sink the ship.  Charges ranging from 100 to 200 pounds (lb), depending on 
the size of the ship, are placed on or in the hulk.   

The vessels used as targets are selected from a list of U.S. Environmental Protection Agency 
(USEPA) approved destroyers, tenders, cutters, frigates, cruisers, tugs, and transports.  USEPA 
granted the Department of the Navy a general permit through the Marine Protection, Research, 
and Sanctuaries Act to transport vessels “for the purpose of sinking such vessels in ocean 
waters…”  (40 CFR Part 229.2)  Subparagraph (a)(3) of this regulation states “All such vessel 
sinkings shall be conducted in water at least 1,000 fathoms (6,000 feet) deep and at least 50 
nautical miles from land.”  In Hawaii, SINKEX events take place within PMRF Warning Area 
W-188.  Multiple types of live ordnance are fired on an excess vessel hulk during this training 
event. 

 
Baseline Training Events 

Sinking Exercise 
(SINKEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.1.1 Hawaii Operating 
Area Ops 14.5 6 
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Anti-Surface Warfare Torpedo Exercise (Submarine-Surface) 
Submarines conduct most of their torpedo firings at PMRF, and many of those are against 
surface targets.  Surface targets will typically be PMRF range boats or targets, or Navy 
combatants.  The Anti-Surface Warfare (ASUW) Torpedo Exercise (TORPEX) culminates with 
the submarine firing an MK-48 torpedo against the surface target.   

Twice a year, “Hollywood” training events are conducted on PMRF as part of the Submarine 
Commander’s Course, which trains prospective submarine Commanding Officers and Executive 
Officers.  These are integrated training events involving complex scenarios that will include a 
coordinated surface, air, and submarine force challenging the submarine Commanding Officers 
and crew.  During these events, submarines engage in ASUW torpedo firings, as well as Anti-
Submarine Warfare (ASW) Tracking Exercises (TRACKEX), and ASW TORPEX.  Inert exercise 
torpedoes are fired during this training event.   

 
Baseline Training Events 

Anti-Submarine Warfare 
Torpedo Exercise 
(ASUW TORPEX) 

(Submarine-Surface) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.1.1 Hawaii Operating 
Area Ops 12.3 35 

 

Flare Exercise 
A Flare Exercise is an aircraft defensive event in which the aircrew uses an infrared (IR) source 
or radar energy absorbing chaff to disrupt attempts to lock onto the aircraft.  During IR break-
lock (flare) training, a shoulder-mounted IR surface-to-air missile simulator is trained on the 
aircraft by an operator attempting to lock onto the aircraft’s IR signature.  The aircraft 
maneuvers while expending flares.  The scenario is captured on videotape for replay and 
debrief.  No actual missiles are fired during this training event.  Radar break-lock training is 
similar except that the energy source is an electronic warfare (EW) simulator, and the aircraft 
expels chaff during its defensive maneuvering.  Chaff is a radar confusion reflector, consisting of 
thin, narrow metallic strips of various lengths and frequency responses, used to deceive radars. 

 
Baseline Training Events 

Flare Exercise 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.9 
Pacific Missile 
Range Facility 

(W-188)  
Ops 5.7 6 
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Anti-Submarine Warfare 
Other Anti-Submarine Warfare Exercises 
Anti-Submarine Warfare Tracking Exercise  
An Anti-Submarine Warfare Tracking Exercise (ASW TRACKEX) trains aircraft, ship, and 
submarine crews in tactics, techniques, and procedures for search, detection, and tracking of 
submarines.  No torpedoes are fired during a TRACKEX.  ASW TRACKEX includes ships, fixed 
wing aircraft, helicopters, torpedo targets, 1 to 10 submarines, and weapons recovery boats 
and/or helicopters.  As a unit-level training event, an aircraft, ship, or submarine is typically used 
versus one target submarine or simulated target.   

The target may be non-evading while operating on a specified track or it may be fully evasive, 
depending on the state of training of the ASW unit.  Duration of a TRACKEX is highly dependent 
on the tracking platform and its available on-station time.  A maritime patrol aircraft can remain 
on station for 8 hours, and typically conducts tracking events that last 3 to 6 hours.  An ASW 
helicopter has a much shorter on-station time, and conducts a typical TRACKEX in 1 to 2 hours.  
Surface ships and submarines, which measure their on-station time in days, conduct tracking 
events exceeding 8 hours and averaging up to 18 hours.  For modeling purposes, TRACKEX 
and TORPEX sonar hours are averaged resulting in a sonar time of 13.5 hours. 

ASW TRACKEX events are conducted on ranges within PMRF Warning Area W-188, the 
Hawaii Offshore Areas and/or the open ocean.  Whenever aircraft use the ranges for ASW 
training, range clearance procedures include a detailed visual range search for marine 
mammals and unauthorized boats and planes by the aircraft releasing the inert torpedoes, 
range safety boats/aircraft, and range controllers. 

Sensors used during ASW training events include sonars, sonobuoys, non-acoustic sensors, 
such as radars.  The use of sonobuoys is generally limited to areas greater than 100 fathoms, or 
600 ft, in depth.  Before dropping sonobuoys, the crew visually determines that the area is clear.  
When the sonobuoy is released, a small parachute (about 4 ft in diameter) retards its entry into 
the ocean.  The sonobuoy is designed to float on the surface and, after a controlled period of 
time (no longer than 8 hours), the complete package (with the parachute) sinks to the bottom.  
No ordinance is used during this training event.  Sonobuoys are released from aircraft, and 
active and passive sonar is used. 

Anti-Submarine Warfare Torpedo Exercises  
Anti-submarine Warfare Torpedo Exercises (ASW TORPEX) events train crews in tracking and 
attack of submerged targets, firing one or two exercise torpedoes or recoverable exercise 
torpedoes.  TORPEX targets used in the Offshore Areas include live submarines, MK-30 ASW 
training targets, and MK-39 Expendable Mobile ASW Training Targets.  The target may be non-
evading while operating on a specified track, or it may be fully evasive, depending on the 
training requirements.   

Submarines periodically conduct torpedo firing training events within the Hawaii Offshore 
OPAREA.  Typical duration of a submarine TORPEX event is 22.7 hours, while air and surface 
ASW platform TORPEX events are considerably shorter.  Inert exercise torpedoes are fired, and 
active and passive sonar is used during this training event.  For modeling purposes, TRACKEX 
and TORPEX sonar hours are averaged resulting in a sonar time of 13.5 hours. 
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Baseline Training Events 
Anti-Submarine Warfare 

Tracking Exercise  
(ASW TRACKEX) and 

Anti-Submarine Warfare 
Torpedo Exercises 

(ASW TORPEX) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

3.2.1.2 
Hawaii Operating 

Area, Pacific Missile 
Range Facility 

Ops 15 29 

 

Major Integrated ASW Training Exercises 
Integrated ASW training events conducted during a Major Integrated ASW Training Event are 
called a Major Exercise, which uses ships, submarines, aircraft, non-explosive training 
weapons, and other training systems and devices.  No new or unique events take place during 
integrated training; it is merely the compilation of numerous ASW events as conducted by 
multiple units over a period of time ranging from 3 to 30 days.  No ordinance is used during this 
training event.  Sonobuoys are released from aircraft and active and passive sonar is used. 

Baseline Training Events 

Major Integrated ASW  
Training Exercise 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.1.2 Hawaii Operating 
Area  Ops Various 6 

 

Extended Echo Ranging/Improved Extended Echo Ranging Training Exercise 
The Extended Echo Ranging and Improved Extended Echo Ranging (EER/IEER) Systems are 
airborne ASW systems used in conducting “large area” searches for submarines.  These 
systems are made up of airborne avionics ASW acoustic processing and sonobuoy types that 
are deployed in pairs.  The IEER System's active sonobuoy component, the AN/SSQ-110 
Sonobuoy, contains a small explosive charge that generates acoustic energy when detonated.  
If an underwater target is within range, the echo is received by the passive AN/SSQ-101 Air 
Deployable Active Receiver (ADAR) sonobuoy and transmitted to the aircraft.  These 
sonobuoys are designed to provide underwater acoustic data necessary for naval aircrews to 
quickly and accurately detect submerged submarines.  The sonobuoy pairs are dropped from a 
fixed-wing aircraft into the ocean in a predetermined pattern with a few buoys covering a very 
large area.  Each training event includes approximately 12 events with 10 to 20 sonobuoys per 
event for a total of 120 to 240 sonobuoys per training event.  The AN/SSQ-110 Sonobuoy 
Series is an expendable and commandable sonobuoy.  Upon command from the aircraft, the 
bottom payload is released to sink to a designated operating depth.  A second command is 
required from the aircraft to cause the second payload to release and detonate generating a 
“ping.”  There is only one detonation in the pattern of buoys at a time. 

The ANJSSQ-101 ADAR Sonobuoy is an expendable passive sonobuoy.  After water entry, the 
ADAR sonobuoy descends to a selected depth and deploys hydrophones.  Once activated, the 
ADAR sonobuoy works in conjunction with the SSQ-110 sonobuoy sound source, receiving 
active echoes reflecting off any target or reverberant present, including submarine hulls, 
seamounts, bottom features, etc. 
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Ordnance is used during this training event.  Sonobuoys are released from aircraft, and active 
and passive sonar is used. 

Baseline Training Events 

Extended Echo Ranging 
and Improved Extended 

Echo Ranging 
(EER/IEER) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

 Hawaii Operating 
Area Ops 4 to 8 hours 4 

 

Electronic Combat 

Electronic Combat Operations 
Electronic Combat (EC) Operations consist of air-, land-, and sea-based emitters simulating 
enemy systems and activating air, surface and submarine electronic support measures and 
electronic countermeasures systems.  Appropriately configured aircraft fly threat profiles against 
the ships so that crews can be trained to detect electronic signatures of various threat aircraft, 
or so that ship crews can be trained to detect counter jamming of their own electronic equipment 
by the simulated threat.  No ordnance is expended during this training event. 

Baseline Training Events 

Electronic Combat (EC) 
Operations 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.5 Hawaii Operating 
Area Ops 6.1 50 

 

Mine Warfare 

Mine Countermeasures Exercise 
Mine Countermeasures (MCM) Exercises train forces to detect, identify, mark, and/or disable 
mines using a variety of methods.  No ordnance is expended during this training event.  Active 
sonar is used.   

Organic Mine Countermeasures 
Organic Mine Countermeasures (OMCM) include systems deployed by air, ship, and 
submarine.  Five Organic Airborne Mine Countermeasures (OAMCM) systems (Figure D-3) are 
deployed by the MH-60S Seahawk Multi-Mission, including:  

• Advanced Mine Hunting Sonar:  The AN/AQS-20A Advanced Mine Hunting Sonar 
is a single-pass multi-sonar system designed to detect, locate, and identify mines on 
the sea floor and in the water. 

• AN/AES-1 Airborne Laser Mine Detection System (ALMDS):  The AN/AES-1 
ALMDS is a sensor designed to detect moored, near surface mines using light 
detection and ranging technology. 



Organic Mine
Countermeasures

Figure D-3

AN/ASQ-20A

AN/ALQ-220 OASIS

AN/AES-1

AN/AWS-2
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• AN/ALQ-220 Organic Airborne and Surface Influence Sweep (OASIS):  The 
AN/ALQ-220 OASIS System is a lightweight magnetic/acoustic system employed by 
the MH-60S. 

• AN/AWS-2 Rapid Airborne Mine Clearance System (RAMICS):  The AN/AWS-2 
RAMICS is being developed to destroy near-surface and floating mines using a 30-
mm cannon hydro-ballistic projectile, and includes a target reacquisition pod on the 
MH-60S. 

• AN/ASQ-235 Airborne Mine Neutralization System (AMNS):  The AN/ASQ-235 
AMNS is a lightweight expendable system designed to rapidly neutralize bottom and 
moored mines. 
 

One OMCM System, the Remote Minehunting System, is deployed from a surface ship.  
Another OMCM system, the Long-term Mine Reconnaissance System, is deployed from a 
submarine.  The Remote Minehunting System and the Long-term Mine Reconnaissance System 
should be operational after FY 2007. 

Baseline Training Events 

Mine Countermeasures 
Exercise (MCM) 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

1.3.1 

Hawaii Operating 
Area, Kingfisher, 

Shallow-water 
Minefield Sonar 
Training Area 

Ops 6-12 32 

 

Mine Neutralization 
Mine Neutralization involves the detection, identification, evaluation, rendering safe, and 
disposal of mines and unexploded ordnance (UXO) that constitutes a threat to ships or 
personnel.  Mine neutralization training is conducted by a variety of air, surface, and sub-surface 
assets. 

Tactics for neutralizing ground or bottom mines involve the diver placing a specific amount of 
explosives which, when detonated underwater at a specific distance from a mine, results in 
neutralization of the mine.  Floating, or moored, mines involve the diver placing a specific 
amount of explosives directly on the mine.  Floating mines encountered by fleet ships in open-
ocean areas are detonated at the surface.  In support of a military expeditionary assault, the 
Navy deploys divers in very shallow water depths (10 to 40 ft) to locate mines and obstructions.  

Divers are transported to the mines by boat or helicopter.  Inert dummy mines are used in 
training events.  The total net explosive weight used against each mine ranges from 1 lb to 
20 lb.   

Various types of surveying equipment are used during RIMPAC Exercises.  Examples include 
the Canadian Route Survey System that hydrographically maps the ocean floor using multi-
beam side scan sonar, and the Bottom Object Inspection Vehicle used for object identification.  
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These units help to support mine detection prior to Special Warfare Operations 
(SPECWAROPS) and Expeditionary Assault. 

Occasionally, marine mammals are used in mine detection training.  The Navy's Very Shallow 
Water Mine Countermeasures Detachment of Commander Mine Warfare Command deploys 
trained Atlantic bottlenose dolphins (Tursiops truncatus) of their marine mammal mine-hunting 
systems in several missions.  Each mission includes up to four motorized small craft, several 
crew members and a trained dolphin.  Training events using dolphins are coordinated with other 
Navy units to avoid conflicts with other Navy activities, underwater acoustic emissions 
associated with those activities, or civilian craft.  Any unplanned situation that has the potential 
for exposing a dolphin to dangerous or conflicting underwater acoustic emissions or other 
interference is mitigated by recalling it into a small craft and moving the dolphin out of the area.  
As such, these marine mammals are continuously protected.  Transportation of these animals 
into the State of Hawaii is in accordance with the regulations of the Hawaii State Department of 
Agriculture. 

Mine neutralization events take place offshore in the Puuloa Underwater Range (called Keahi 
Point in earlier documents), Pearl Harbor; Lima Landing; Barbers Point Underwater Range off-
shore of Coast Guard Air Station Barbers Point/Kalaeloa Airport (formerly Naval Air Station 
Barbers Point); PMRF, Kauai (Majors Bay area); PMRF and Oahu Training Areas; and in open-
ocean areas.  

All demolition activities are conducted in accordance with Commander Naval Surface Forces 
Pacific Instruction 3120.8F, Procedures for Disposal of Explosives at Sea/Firing of Depth 
Charges and Other Underwater Ordnance (U.S. Department of the Navy, 2003a).  Before any 
explosive is detonated, divers are transported a safe distance away from the explosive.  
Standard practices for tethered mines in Hawaiian waters require ground mine explosive 
charges to be suspended 10 ft below the surface of the water.  For mines on the shallow water 
floor (less than 40 ft of water), only sandy areas that avoid/minimize potential impacts on coral 
are used for explosive charges.  Underwater detonations do occur during this training event. 

Baseline Training Events 

Mine Neutralization 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

1.3.1 

Puuloa Underwater 
Range, MCBH, 

MCTAB, Barbers Point 
Underwater Range, 
Naval Inactive Ship 

Maintenance Facility, 
Lima landing, Ewa 
Training Minefield 

Ops 6 62 

 

Mine Laying 
Mine Laying events are designed to train forces to conduct offensive (deploy mines to tactical 
advantage of friendly forces) and defensive (deploy mines for protection of friendly forces and 
facilities) mining events.  Mines can be laid from the air (FA-18/P-3) or by submarine. 
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Airborne Mine Laying involves one or more aircraft and either computer-simulated or inert 
exercise mines.  Mine warfare events are limited to either the simulated laying of aircraft-
deployed mines, where no actual mine ordnance is dropped, or the use of inert exercise mines 
or inert exercise submarine-deployed mines.   

The use of inert exercise mines is generally limited to areas greater than 100 fathoms, or 600 ft 
in depth.  Before dropping inert exercise mines, the crew visually determines that the area is 
clear.  Although the altitude at which inert exercise mines are dropped varies, the potential for 
drift during descent generally favors release at lower altitudes, where visual searches for marine 
mammals are more effective.  When the inert exercise mine is released, a small parachute 
retards its entry into the ocean.  The mine can be designed to float on the surface or near 
surface or to sink on a tether.  Ultimately the mine sinks carrying the parachute with it.  Standard 
Navy procedures are followed for the deployment of inert mines from submarines.  

Aerial mining lines are generally developed off the southwest coast of Kauai and the southeast 
coast of Niihau, within PMRF Warning Areas W-186 and W-188.  Submarine mining events are 
conducted within PMRF Warning Area W-188.  Air Operations are conducted within R3101.  
Inert mine shapes are released into the ocean during these training events. 

Baseline Training Events 

Mine Laying 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events 

1.4.1 
Pacific Missile 
Range Facility 

(R-3101) 
Ops 6-12 22 

 

Land Demolitions 
Land demolitions events are designed to train forces to cause the explosion and the resulting 
destruction of enemy personnel, vehicles, aircraft, obstacles, facilities, or terrain on land.  These 
events are also designed to develop and hone Explosive Ordnance Disposal (EOD) mission 
proficiency in locating, identifying, excavating, and neutralizing land mines.  Land demolitions 
take place at the West Loch EOD Training Facility.  In addition to Navy personnel, Honolulu 
Police, Federal Bureau of Investigation, and several research, development, test, and 
evaluation (RDT&E) companies conduct land demolitions at the EOD land facility.  The EOD 
facility is limited to 2.5 lb of non-fragment producing explosives.  EOD Range demolition events 
take approximately 4.5 hours to complete, and there are between 70 and 80 events per year.  
Land detonations occur during this training event. 

Baseline Training Events 

Land Demolitions 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

1.4.4 
Explosive 
Ordnance 

Disposal Land 
Range 

Ops 4 85 
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Naval Special Warfare 
Swimmer Insertion/Extraction 
Naval Special Warfare (NSW) personnel conduct underwater swimmer insertion and extraction 
training in the Hawaii Offshore Areas using either the Sea, Air, Land (SEAL) Delivery Vehicle 
(SDV), or the Advanced SEAL Delivery System (ASDS).  Both submersibles are designed to 
deliver special operations forces for clandestine activities.  The SDV is an older, open-design 
delivery vehicle.  The ASDS is a new dry compartment vehicle that keeps the SEALs warmer 
during transit.  The battery-powered ASDS is capable of operating independently or with 
submarines. 

Two types of training occur with the ASDS—unit and integrated.  Unit training with the ASDS 
consists of the SDV Team operating the ASDS independently.  Integrated training involves the 
SDV Team working with a submarine and the ASDS.   

Underwater swimmer insertion and extraction training is focused on undersea operation of the 
SDV or ASDS, and does not typically involve SEAL personnel landing ashore or conducting 
shore training.  Although undersea range areas are usually reserved for a 24-hour period, the 
insertion/extraction event itself lasts approximately 8 hours.  Swimmer insertion and extraction 
events can also include the use of helicopters to insert or extract NSW personnel using a variety 
of techniques.  No ordnance or sonar will be used during this training event. 

Baseline Training Events 

Swimmer 
Insertion/Extraction 

 

NTA Area Metric Duration 
(Hours) 

Total 
Training  
Events 

1.1.2.4 

Hawaii Operating Area, 
Marine Corps Training 
Area-Bellows, Pacific 
Missile Range Facility 

(Main Base) 

Days 8 132 

 
Special Warfare Operations 
SPECWAROPS are performed by Navy SEALs and U.S. Marines.  Activities include special 
reconnaissance (SR), reconnaissance and surveillance, combat search and rescue (CSAR), 
and direct action (DA).  SR units consist of small special warfare unit and utilize helicopters, 
submarines, and combat rubber raiding craft to gain covert access to military assets, gather 
intelligence, stage raids, and return to their host units.  Reconnaissance inserts and beach 
surveys are often conducted before large-scale amphibious landings and can involve several 
units gaining covert access using a boat.  CSAR activities are similar to SR (R&S), but the 
mission is to locate and recover a downed aircrew.  DA missions consist of an initial insertion, 
followed by the helicopters/boats inserting additional troops to take control of an area. The 
helicopters may land for refueling.  No ordnance or sonar will be used during this training. 
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Baseline Training Events 

Special Warfare 
Operations  

(SPECWAROPS) 

NTA Area Metric Duration 
(Hours) 

Total 
Training 
Events 

1.5.6 

PMRF (Main Base, Makaha 
Ridge), Puuloa underwater 

Range, MCBH, Barbers Point 
Underwater Range, Naval 

Station Pearl Harbor, Naval 
Inactive Ship Maintenance 
Facility, Lima Landing, U.S. 

Coast guard Air Station Barbers 
Point/Kalaeloa Airport, Hickam 
AFB, Bradshaw Army Airfield, 
Makua Military Reservation, 

Kahuku Training Area, 
Kawaihae Pier, Dillingham 

Military Reservation, Wheeler 
Army Airfield, Niihau, MCTAB, 

Pohakuloa Training Area 

Days 8 30 

 

Strike Warfare 

Bombing Exercise (Land) 

Kaula also is used for BOMBEX training.  BOMBEX events consist of air-to-ground delivery of 
small, 25-lb, inert MK-76 (a type of training ordnance); inert laser-guided bombs, such as the 
Hellfire, or the MK-82, a 500-lb bomb.  BOMBEX events originate from an aircraft carrier or a 
land base.  CSG fixed-wing aircraft account for all of the Navy BOMBEX events at Kaula.  Only 
inert ordnance 500 lb or less is authorized for use on Kaula.  Inert bombs will be dropped from 
aircraft during this training.  Live and inert bombs may be used at Pohakuloa Training Area. 

Baseline Training Events 

Bombing Exercise 
(BOMBEX) (Land) 

NTA Area Metric Duration 
(Hours) 

Total 
Training 
Events 

3.2.6 Kaula, Pohakuloa 
Training Area Ops 0.8 165 

 

Air-to-Ground Gunnery Exercise  
Kaula, a small island southwest of Kauai (shown in Figure 1.2-2), is used for air-to-ground 
gunnery training.  Air-to-ground GUNEX includes live fire gunnery training from fixed- or rotary-
wing aircraft.  The use of 20-mm and 30-mm cannon fire is not allowed from November through 
May.  Live gunnery rounds will be fired at land targets during this training event. 

Baseline Training Events 

Air-to-Ground Gunnery 
Exercise (GUNEX)  

NTA Area Metric Duration 
(Hours) 

Total 
Training 
Events 

3.2.6 Kaula, Pohakuloa 
Training Area  Ops 0.8 16 
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Other Training 
Salvage Operations 
The purpose of Salvage Operations is to provide a realistic training environment for battling fires 
at sea, de-beaching of stranded ships, and harbor clearance operations training by Navy diving 
and salvage units. 

The Navy’s Mobile Diving and Salvage Unit One (MDSU-1) (Figure D-4) and divers from other 
countries practice swift and mobile ship and barge salvage, towing, battle damage repair, deep 
ocean recovery, harbor clearance, removal of objects from navigable waters, and underwater 
ship repair capabilities. 

Diving and salvage forces training include the following activities: 

• SCUBA and surface supplied air and mixed gas (HeO2) diving operations to depths of 
300 ft of sea water 

• Hyperbaric recompression chamber operations 

• Underwater ship inspection, husbandry, and repair of coalition Naval ships and 
submarines 

• Underwater search and recovery operations 

• Underwater cutting employing hydraulic, pneumatic, and oxy-arc powered tools 

• Underwater welding 

• Removal of petroleum, oil, and lubricants (POL) exercising various POL offload 
techniques 

• Restoring Buoyancy (Survey, Patch, De-water) to a grounded or sunken vessel or 
object of value 

• Harbor clearance for removal of derelict vessels or other obstructions from navigable 
waterways and berthing 

• Off-Ship fire fighting to simulate rescue and assistance operations battling fires 
 

These activities take place at Puuloa Underwater Range, Pearl Harbor, and Keehi Lagoon.  
Staging for these activities is from the MDSU-1 Facility located on Bishop Point, an annex of 
Pearl Harbor, on the southwestern side of Hickam Air Force Base, Oahu.  To capitalize on real-
world training opportunities and to provide mutual benefit for both the U.S. Naval and Coalition 
Salvage Force and for the State of Hawaii, salvage training and harbor clearance events take 
place in any of the shoal waters, harbors, ports, and in-land waterways throughout the Hawaiian 
OPAREA. 

The ship fire training lasts no more than 1 day per event.  De-beaching activities last no more 
than 1 to 2 days per event.  Deep ocean recovery training last up to 2 weeks and could be 
longer depending on the availability of missions. 
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The duration of Salvage Operations varies considerably.  For a fire at sea or ship retraction of a 
grounded vessel, the training event lasts up to 4 days.  For underwater cutting, welding, 
pumping, restoring buoyancy, and training that practice a single skill in a controlled 
environment, the event usually does not exceed 1 day.  However, multiple iterations could 
extend throughout the duration of the training event.  No ordnance or sonar will be used during 
this training. 

All U.S. and Coalition Naval Salvage Force training event scenarios will be conducted in 
accordance with the following references: 

a. U.S. Navy Diving Manual Revision 4, with a change dated March 2001 
b. U.S. Navy Salvage Safety Manual 
c. U.S. Navy Salvage Manual Vol. 1—Strandings 
d. U.S. Navy Salvage Manual Vol. 2—Harbor Clearance 
e. U.S. Navy Salvage Manual Vol. 3—Firefighting and Damage Control 
f. U.S. Navy Salvage Manual Vol. 5—Petroleum Oil and Lubricant Offload 
g. U.S. Navy Towing Manual  
h. OPNAVINST 5100.19B (safety manual) 
i. Fleet Exercise Publication–4, Chapter 12, Mobile Diving and Salvage Units and 

Chapter X, ARSs 
 

Baseline Training Events 

Salvage Operations 

NTA Area Metric Duration 
(Days) 

Total 
Training Events 

4.13 

Naval Station 
Pearl Harbor, 

Puuloa 
Underwater 

Range, Naval 
Defensive Sea 

Area, Keehi 
Lagoon 

Ops 1 3 

 

Live Fire Exercise 
Live Fire Exercise (LFX) provides ground troops with live fire training and combined arms LFX 
training, including aerial gunnery and artillery firing.  These training events include platoon troop 
movements through numerous target objectives with various weapons.  Aerial Gunnery 
Exercises and artillery and mortar training are also conducted as part of combined and separate 
training events.  Live fire and blanks are used.  Blanks are used outside of defined impact 
areas.  LFX benefit ground personnel who receive semi-realistic training. 

LFX typically consists of ground troops and special forces, including a sniper unit, of about 2 to 
18 people, a helicopter, artillery, mortars, and miscellaneous small arms.  In the future, up to a 
brigade of U.S. or foreign troops could receive LFX training during a Major Exercise.  LFX is 
conducted at Pohakuloa Training Area (Figure D-5) and Makua Military Reservation (Figure D-
6).  Live rounds will be fired at Pohakuloa Training Area, and inert rounds (blanks) will be fired 
at Makua Military Reservation. 
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Baseline Training Events 

LFX 

NTA Area Metric Duration 
(Hours) 

Total 
Training Events  

3.2.2 
Makua Military 
Reservation, 
Pohakuloa 

Training Area 
Ops 1 - 24 3 

 

Humanitarian Assistance Operation/Non-combatant Evacuation Operation  
The purpose of Humanitarian Assistance Operation/Non-combatant Evacuation Operation 
(HAO/NEO) is to provide training in providing humanitarian assistance in an increasingly hostile 
setting, which could require the evacuation of personnel and troops.  Marine Corps Base Hawaii 
is used for HAO/NEO and direct action training.  MCTAB, Kahuku Training Area, Majors Bay at 
PMRF, and Niihau are also used for HAO/NEO.   

HAO/NEO training events, which last approximately 4 days, involve approximately 150 
personnel, troops, and specialists who initially provide assistance to civilians and then evacuate 
them when necessary.  This scenario is also used to simulate a prisoner-of-war camp or place 
where people are interned.  A Direct Action Exercise (lasting several hours) is another scenario 
included in the HAO/NEO.  It is much quicker and involves approximately 50 personnel and 150 
troops who gain access to an area by boat or helicopter, storm the location, recover the mission 
target, and return to their units. 

HAO/NEO events use trucks, helicopters, LCAC, LCU, and/or CRRC to shuttle supplies.  
Evacuations may be made using helicopters, and/or LCAC vehicles.  Direct Actions may use 
CRRC, RHIB, trucks, and/or helicopters.  Existing building and facilities are used to the extent 
practicable, but in some instances tents and other temporary structures may be used.  No 
ordnance is used during this training. 

Baseline Training Events 

Humanitarian 
Assistance 

Operation/Non-
combatant Evacuation 
Operation (HAO/NEO) 

NTA Area Metric Duration 
(Days) 

Total 
Training Events 

6.2.1 
Niihau, MCBH, MCTAB, 
Kahuku Training Area, 
Pacific Missile Range 
Facility (Main Base) 

Ops 4 1 

 

Humanitarian Assistance/Disaster Relief 
The purpose of Humanitarian Assistance/Disaster Relief (HA/DR) is to provide training in 
responding to a United Nations request for complex emergency support.  HA/DR training events 
involve approximately 125 to 250 troops and 125 to 200 refugee actors.  An amphibious landing 
craft off-loads approximately 4 transport trucks, 3 support vehicles, 3 water supply vehicles, 
water and food supply, and 125 troops.  They travel along authorized highways to the HA/DR 
site.  A safe haven camp is established in existing facilities or temporary facilities (tents, etc.).   
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The HA/DR training event lasts for approximately 10 days.  Future HA/DR training events could 
range from 2 to 18 days.  The camp is established in 2 days.  Personnel are provided water, 
shelter, food, sanitation, and communications for 5 days.  Takedown takes about 2 days. 

For each training event, there are two sites:  a refugee camp and a Civil–Military Operations 
Center area.  There are roughly 30 five-person Red Cross tents within the refugee camp, with a 
few larger tents for various support functions including meals, showers, recreation, 
administration, and storage.  The Civil–Military Operations Center section contains more 
storage, communication links, staff housing, experimentation (including information 
management and high-bandwidth informatics support, digital transcription facilities to interview 
refugees for war-crimes documentation, and solar powered computer systems), and various 
public relations areas for visitors.  Approximately 18 portable latrines are at the sites.  Buses 
and/or trucks, and military helicopters as needed, are used to transport refugees.   

A safe haven refugee camp would be established within the Marine Corps Base Hawaii, MCTAB, 
and/or Kahuku Training Area.  An amphibious landing craft or trucks would offload equipment, 
vehicles, troops, and refugees.  Airstrips at these locations would be used to transport personnel. 

The HA/DR training event takes place near an existing training trail.  The access road to the 
site would be graded before the event, if required.  Grading would be within the existing 
roadway in accordance with standard procedures.  Equipment and personnel would be 
transferred to the camp location via transport trucks and buses, respectively.  Training map 
overlays that identify the transit route, camp location, and any nearby restricted areas or 
sensitive biological and cultural resource areas would be used by participants.  No ordnance 
is used during this training. 

Baseline Training Events 

Humanitarian 
Assistance/Disaster 

Relief HA/DR 

NTA Area Metric Duration 
(Days) 

Total 
Training Events 

6.2.3 MCBH, MCTAB, Kahuku 
Training Area Ops 10 1 

 

Table D-2 includes the current and future RDT&E activities conducted within the HRC.   
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Table D-2.  Baseline and Planned RDT&E Activities 

Mission Area Activity Activity Description 

Pacific Missile 
Range Facility 

(PMRF) 

Anti-Air Warfare RDT&E Testing and training on Aegis-capable ships after 
refurbishment or overhaul.

Anti-Submarine Warfare Sensor, fire control, and weapon testing.   

Combat System Ship Qualification Trial
Conducted for new ships and for ships that have undergone 
modification and/or overhaul of their combat systems, can 
include operating any or all of a ship’s combat systems.   

Electronic Combat/Electronic Warfare 
(EC/EW) 

Tests designed to assess how well EC/EW training and 
RDT&E activities are performed. 

High Frequency Use of high-frequency radio signals and the evaluation of their 
effectiveness. 

Missile Defense 

Aerial targets launched from PMRF, mobile sea-based 
platforms, or military cargo aircraft.  A ballistic missile target 
vehicle is launched from PMRF and intercepted by a ship- or 
land-launched missile. 

Joint Task Force Wide Area Relay 
Network 

Demonstration of advanced Command, Control and 
Communications technologies in a highly mobile, wireless, 
wide-area relay network in support of tactical forces.   

Naval 
Undersea 
Warfare 
Center 
Ranges 

Shipboard Electronic Systems 
Evaluation Facility (SESEF) Quick Look 
Tests 

Evaluate ship, shore, and aircraft systems that emit or detect 
electronic emissions.  These systems include those used for 
radio communications, data transfer, navigation, radar, and 
identification of friend and foe. 

SESEF System Performance Tests 
Provide accuracy checks of ship and submarine sonar, both in 
active and passive modes, and to evaluate the accuracy of a 
ship’s radar. 

Fleet Operational Readiness Accuracy 
Check Site (FORACS) Tests 

Provide accuracy checks of ship and submarine sonar, both in 
active and passive modes, and to evaluate the accuracy of a 
ship’s radar.   

Future RDT&E 
Activities 

Additional Chemical Simulant 
Target launches from PMRF would incorporate additional 
chemical simulants to include larger quantities of tributyl 
phosphate (TBP) and various glycols. 

Intercept Targets launched into PMRF 
Controlled Area 

Launches from Wake Island, the Reagan Test Site at U.S. 
Army Kwajalein Atoll (USAKA), and Vandenberg AFB towards 
the vicinity of PMRF are proposed.  Intercept areas would be 
in the Broad Ocean Area and Temporary Operating Area.   

Launched SM-6 from Sea-Based 
Platform (AEGIS)  

Capability to launch the Extended Range Active Missile, 
tentatively designated SM-6, from a sea-based platform.  
Similar to ongoing launches of the current version of the 
Standard Missile from Aegis ships.   

Micro-Satellites Launch 
A joint venture between PMRF, the Department of Energy at 
the Kauai Test Facility, and the University of Hawaii to launch 
micro-satellites into space.   

Test Unmanned Surface Vehicles 

Remote-controlled boats equipped with modular packages to 
potentially support surveillance and reconnaissance activities, 
mine warfare, anti-terrorism/force protection, port protection, 
Special Forces operations, and possibly anti-submarine 
warfare. 

Test Unmanned Aerial Vehicles 

Remotely piloted or self-piloted aircraft that include fixed-wing, 
rotary-wing, and other vertical takeoff vehicles.  Can carry 
cameras, sensors, communications equipment, weapons, or 
other payloads.  Could support intelligence, surveillance, and 
reconnaissance; suppression of enemy air defenses; 
electronic attack; anti-surface ship and anti-submarine 
warfare; mine warfare; communications relay; and derivations 
of these themes. 
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Table D-2.  Baseline and Planned RDT&E Activities (Continued) 

Mission Area Activity Activity Description 

Future RDT&E 
Activities Test Hypersonic Vehicles 

Development of air-breathing hypersonic vehicles that are 
capable of maximum sustainable cruising speeds in excess of 
Mach 4, as potential ordnance delivery systems. 

Offshore 
Enhancements Portable Undersea Tracking Range Provide submarine training in areas where the ocean depth is 

between 300 ft and 12,000 ft and at least 3 nm from land. 

PMRF 
Enhancements 

 

Large Area Tracking Range Upgrade 
Upgraded with ground relay stations to cover training 
throughout much of the HRC.  Proposed ground relay stations 
would be modifications to existing facilities. 

Enhanced Electronic Warfare Training Capability for EW training would be enhanced to include sites 
on other islands (e.g., Maui and Hawaii). 

Expanded Training Capability for 
Transient Air Wings 

Provide dedicated equipment to enable Mid-Pacific and 
transiting strike groups to participate in either live or virtual 
activities. 

Kingfisher Underwater Training Area 
Underwater training area would be approximately 2 mi off the 
southeast coast of Niihau at a depth of between 300 and 400 
ft.   

FORCEnet Antenna 
Effort to integrate military personnel, sensors, networks, 
command and control, platforms, and weapons into a fully 
netted, combat force.  Existing building or a portable trailer. 

Enhanced Auto ID System and Force 
Protection Capability 

AIS equipment installed on each island so each ship would 
have sensor connectivity and communication connections.   

Construct Range Operations Control 
Building 

Build a new, almost 90,000 sq-ft range operations building to 
consolidate the activities currently in 13 buildings.   

Improve Fiber Optics Infrastructure 
Installation of approximately 23 mi of fiber optic cable, which 
would be hung on existing Kauai Island Utility Cooperative 
poles between PMRF/Main Base and Kokee. 

Pearl Harbor 
Enhancements 

MK-84/MK-72 Pinger Acoustic Test 
Facility 

New open-water Acoustic Test Facility capability near the 
Naval Undersea Warfare Center’s Ford Island facility in Pearl 
Harbor. 

Mobile Diving and Salvage Unit 
Training Area 

Establish an underwater training area in which Mobile Diving 
and Salvage Unit-1 can conduct military diving and salvage 
training, including submerging a 100-ft by 50-ft barge. 

Future RDT&E 
Activities 

Directed Energy 
Develop the necessary standard operating procedures and 
range safety requirements necessary to provide safe 
operations associated with future high-energy laser tests. 

Advanced Hypersonic Weapon 

Launches of long range (greater than 3,400 miles) missiles 
deploying an unpowered payload.  A four-missile launch 
program, with the first two tests using a Strategic Target 
System booster launched from Kauai Test Facility (KTF) at 
PMRF.  The payload would travel approximately 2,500 mi 
from PMRF to Illeginni Island in USAKA. 

 



 
Appendix D Hawaii Range Complex Training 

 

D-32 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
  

RIMPAC and USWEX  
The Commander, U.S. THIRD Fleet, conducts RIMPAC within the HRC every other year.  The 
biennial RIMPAC is a multinational, sea control and power projection Major Exercise that 
consists of various phases of activity by Army, Marine Corps, Navy, and Air Force forces, as 
well as the military forces of several Pacific Rim nations.  During the month-long Major Exercise, 
individual training events occur in open ocean, offshore, and onshore areas.  Table D-3 shows 
the matrix of training events used during previous RIMPAC Exercises by location. 

USWEX includes a single Strike Group, training in the HRC for up to 4 days, four times per 
year.  Table D-4 shows the matrix of training events generally used during a USWEX Exercise 
by location.   

Under Alternative 1 the Navy proposes to continue RIMPAC and USWEX Exercises described 
in the No-action Alternative.  USWEX frequency would increase from four to six times per year.  
RIMPAC would include two Strike Groups, and FCLPs would occur in association with transiting 
Strike Groups participating in Major Exercises.  The training associated with Major Exercises 
would be chosen from the appropriate matrix of training events, in Table D-5.   

Under Alternatives 2 and 3, up to three Strike Groups would conduct training events 
simultaneously in the HRC.  The Strike Groups would not be homeported in Hawaii, but would 
stop in Hawaii en route to a final destination.  The Strike Groups would be in Hawaii for up to 10 
days per event.  Proposed training would be similar to current training events for the RIMPAC 
and USWEX Exercises.  Also included in the training would be FCLP events conducted at the 
following airfields:  Marine Corps Base Hawaii and PMRF.  The events associated with Multiple 
Strike Group training would be chosen from the appropriate matrix of training events listed in 
Table D-6.   
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Table D-3.  Rim of the Pacific 06 Exercise Matrix 
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Navy Pacific Missile Range Facility* Kauai                                                 
  Niihau Niihau                                                 
  Kaula Kaula                                                 
  Pearl Harbor** Oahu                                                 
  Lima Landing Oahu                                                 
  Puuloa Underwater Range – Pearl Harbor Oahu                                                 
  Barbers Point Underwater Range Oahu                                                 
  Coast Guard AS Barbers Point/ Kalaeloa Airport Oahu                                                 
  PMRF Warning Areas# Ocean Areas                                                 
  Oahu Warning Areas# Ocean Areas                                                 
  Open Ocean Areas# Ocean Areas                                                 
  U.S. Command Ship Ocean Areas                                                
Marines Marine Corps Base Hawaii Oahu                                                 
  Marine Corps Training Area Bellows Oahu                                                 
Air Force Hickam Air Force Base Oahu                                                 
Army Kahuku Training Area Oahu                                                 
  Makua Military Reservation Oahu                                                 
  Dillingham Military Reservation Oahu                                                 
  Wheeler Army Airfield Oahu                                                 
  K-Pier, Kawaihae Hawaii                                                 
  Bradshaw Army Airfield Hawaii                                                 
  Pohakuloa Training Area Hawaii                                                 
State Keehi Lagoon Oahu                                                 
*  Includes Port Allen and Makaha Ridge       **  Includes Ford Island and all other areas within the harbor.                
# These areas are included in the HRC.  The HRC is now used to define the 
outer limits of the ocean areas used during Major Exercises.   Locations where events can occur    RIMPAC 02 Programmatic    Added RIMPAC 04 Supplement   Added RIMPAC 06 Supplement    
Training Events:                          
A-A MISSILEX Air-to-Air Missile Exercise (formerly AAMEX) C2 Command and Control      SALVAGE OPS  Salvage Operations    
AAW1 Anti-Air Warfare DEMO Demolition Exercise       S-A MISSILEX    Surface-to-Air Missile Exercise (formerly SAMEX)  
AIROPS Air Operations GUNEX Gunnery Exercise       SINKEX    Sinking Exercise     
AMPHIBEX Amphibious Landing Exercise (now Expeditionary Assault) HA/DR Humanitarian Assistance/Disaster Relief   SMWEX   Ship Mine Warfare Exercise  
Air MIWEX Air Mine Warfare Exercise (formerly AMWEX) HAO/NEO Humanitarian Assistance Operation/    SPECWAROPS  Special Warfare Operations   
A-S MISSILEX Air-to-Surface Missile Exercise (formerly ASMEX)  Non-Combatant Evacuation Operation   S-S MISSILEX    Surface-to-Surface Missile (formerly SSMEX)   
ASUW2/ASW3 Anti-Surface Warfare/ IN-PORT In-port Briefings and Activities     STW    Strike Warfare Exercise (formerly STWEX)   
 Anti-Submarine Warfare Exercise LFX Live Fire Exercise       SUBOPS   Submarine Operations   
ASW Anti-Submarine Warfare Exercise (formerly ASWEX) MCM Mine Countermeasures      SUPPORTEX  In-Port Support Exercise   
CASEX Close Air Support MINEX Mine Exercise        UMWEX   Underwater Mine Warfare Exercise 
  MIW4 Mine Warfare                     
Note: Since the publication of the RIMPAC 02 Programmatic (U.S. Department of the Navy, 2002a), new terminology and/or categories of exercises have come into use.  They are as follows:   
1 AAW includes AIROPS, S-A MISSILEX, A-A MISSILEX, and A-S MISSILEX 2 ASUW includes GUNEX, S-S MISSILEX, and ASW      3 ASW includes S-S MISSILEX and ASW      
4 MIW encompasses two subsets, MINEX and MCM.  MINEX is the act of laying mines.  MCM is the act of locating and countering mining by others and includes SMWEX, AMWEX, and UMWEX.   
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Table D-4.  Example Undersea Warfare Exercise Matrix 
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Navy Pacific Missile Range Facility* Kauai                                                 
  Niihau Niihau                                                 
  Kaula Kaula                                                 
  Pearl Harbor** Oahu                                                 
  Lima Landing Oahu                                                 
  Puuloa Underwater Range – Pearl Harbor Oahu                                                 
  Barbers Point Underwater Range Oahu                                                 
  Coast Guard AS Barbers Point/ Kalaeloa Airport Oahu                                                 
  PMRF Warning Areas# Ocean Areas                                                 
  Oahu Warning Areas# Ocean Areas                                                 
  Open Ocean Areas# Ocean Areas                                                 
  U.S. Command Ship Ocean Areas                                                
Marines Marine Corps Base Hawaii Oahu                                                 
  Marine Corps Training Area Bellows Oahu                                                 
Air Force Hickam Air Force Base Oahu                                                 
Army Kahuku Training Area Oahu                                                 
  Makua Military Reservation Oahu                                                 
  Dillingham Military Reservation Oahu                                                 
  Wheeler Army Airfield Oahu                                                 
  K-Pier, Kawaihae Hawaii                                                 
  Bradshaw Army Airfield Hawaii                                                 
  Pohakuloa Training Area Hawaii                                                 
State Keehi Lagoon Oahu                                                 
*  Includes Port Allen and Makaha Ridge       **  Includes Ford Island and all other areas within the harbor.                
# These areas are included in the HRC.  The HRC is now used to define the outer limits of the ocean areas used during Major 
Exercises.   Locations where training events occur    USWEX training events       
Training Events:                          
A-A MISSILEX Air-to-Air Missile Exercise (formerly AAMEX) C2 Command and Control      SALVAGE OPS  Salvage Operations    
AAW1 Anti-Air Warfare DEMO Demolition Exercise       S-A MISSILEX    Surface-to-Air Missile Exercise (formerly SAMEX)  
AIROPS Air Operations GUNEX Gunnery Exercise       SINKEX    Sinking Exercise     
AMPHIBEX Amphibious Landing Exercise (now Expeditionary Assault) HA/DR Humanitarian Assistance/Disaster Relief   SMWEX   Ship Mine Warfare Exercise  
Air MIWEX Air Mine Warfare Exercise (formerly AMWEX) HAO/NEO Humanitarian Assistance Operation/    SPECWAROPS  Special Warfare Operations   
A-S MISSILEX Air-to-Surface Missile Exercise (formerly ASMEX)  Non-Combatant Evacuation Operation   S-S MISSILEX    Surface-to-Surface Missile (formerly SSMEX)   
ASUW2/ASW3 Anti-Surface Warfare/ IN-PORT In-port Briefings and Activities     STW    Strike Warfare Exercise (formerly STWEX)   
 Anti-Submarine Warfare Exercise LFX Live Fire Exercise       SUBOPS   Submarine Operations   
ASW Anti-Submarine Warfare Exercise (formerly ASWEX) MCM Mine Countermeasures      SUPPORTEX  In-Port Support Exercise   
CASEX Close Air Support MINEX Mining Exercise        UMWEX   Underwater Mine Warfare Exercise 
  MIW4 Mine Warfare                     
Note: Since the publication of the RIMPAC 02 Programmatic (U.S. Department of the Navy, 2002a), new terminology and/or categories of exercises have come into use.  They are as follows:   
1 AAW includes AIROPS, S-A MISSILEX, A-A MISSILEX, and A-S MISSILEX 2 ASUW includes GUNEX, S-S MISSILEX, and ASW      3 ASW includes S-S MISSILEX and ASW      
4 MIW encompasses two subsets, MINEX and MCM.  MINEX is the act of laying mines.  MCM is the act of locating and countering mining by others and includes SMWEX, AMWEX, and UMWEX.   
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Table D-5.  Proposed Future RIMPAC Exercise Matrix 

      Training Events 
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Navy Pacific Missile Range Facility* Kauai                                                  

  Niihau Niihau                                                  

  Kaula Kaula                                                  

  Pearl Harbor** Oahu                                                  

  Lima Landing Oahu                                                  

  Puuloa Underwater Range – Pearl Harbor Oahu                                                  

  Barbers Point Underwater Range Oahu                                                  

  Coast Guard AS Barbers Point/ Kalaeloa Airport Oahu                                                  

  PMRF Warning Areas# Ocean Areas                                                  

  Oahu Warning Areas# Ocean Areas                                                  

  Open Ocean Areas# Ocean Areas                                                  

  U.S. Command Ship Ocean Areas                                                 

Marines Marine Corps Base Hawaii Oahu                                                  

  Marine Corps Training Area Bellows Oahu                                                  

Air Force Hickam Air Force Base Oahu                                                  

Army Kahuku Training Area Oahu                                                  

  Makua Military Reservation Oahu                                                  

  Dillingham Military Reservation Oahu                                                  

  Wheeler Army Airfield Oahu                                                  

  K-Pier, Kawaihae Hawaii                                                  

  Bradshaw Army Airfield Hawaii                                                  

  Pohakuloa Training Area Hawaii                                                  

State Keehi Lagoon Oahu                                                  
*  Includes Port Allen and Makaha Ridge       **  Includes Ford Island and all other areas within the harbor.                
# These areas are included in the HRC.  The HRC is now used to define the outer limits of the ocean areas used during Major 
Exercises.   Locations where events can occur    Future RIMPAC (Additional Exercises)       
Training Events:                          
A-A MISSILEX Air-to-Air Missile Exercise (formerly AAMEX) C2 Command and Control      SALVAGE OPS  Salvage Operations    
AAW1 Anti-Air Warfare DEMO Demolition Exercise       S-A MISSILEX    Surface-to-Air Missile Exercise (formerly SAMEX)  
AIROPS Air Operations FCLP Field Carrier Landing Practice       SINKEX    Sinking Exercise     
AMPHIBEX Amphibious Landing Exercise (now Expeditionary Assault) GUNEX Gunnery Exercise   SMWEX   Ship Mine Warfare Exercise  
Air MIWEX Air Mine Warfare Exercise (formerly AMWEX) HA/DR Humanitarian Assistance/Disaster Relief SPECWAROPS  Special Warfare Operations   
A-S MISSILEX Air-to-Surface Missile Exercise (formerly ASMEX) HAO/NEO Humanitarian Assistance Operation/Non-Combatant Evacuation Operation S-S MISSILEX    Surface-to-Surface Missile (formerly SSMEX)   
ASUW2/ASW3 Anti-Surface Warfare/ IN-PORT In-port Briefings and Activities     STW    Strike Warfare Exercise (formerly STWEX)   
 Anti-Submarine Warfare Exercise LFX Live Fire Exercise       SUBOPS   Submarine Operations   
ASW Anti-Submarine Warfare Exercise (formerly ASWEX) MCM Mine Countermeasures      SUPPORTEX  In-Port Support Exercise   
CASEX Close Air Support MINEX Mine Exercise        UMWEX   Underwater Mine Warfare Exercise 
  MIW4 Mine Warfare                     
Note: Since the publication of the RIMPAC 02 Programmatic (U.S. Department of the Navy, 2002a), new terminology and/or categories of exercises have come into use.  They are as follows:   
1 AAW includes AIROPS, S-A MISSILEX, A-A MISSILEX, and A-S MISSILEX 2 ASUW includes GUNEX, S-S MISSILEX, and ASW      3 ASW includes S-S MISSILEX and ASW      
4 MIW encompasses two subsets, MINEX and MCM.  MINEX is the act of laying mines.  MCM is the act of locating and countering mining by others and includes SMWEX, AMWEX, and UMWEX.   
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Table D-6.  Proposed Multiple Carrier Strike Group Matrix 
      Training Events  
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U.S. Navy Pacific Missile Range Facility* Kauai                                                   

  Niihau Niihau                                                  

  Kaula Kaula                                                  

  Pearl Harbor** Oahu                                                  

  Lima Landing Oahu                                                  

  Puuloa Underwater Range – Pearl Harbor Oahu                                                  

  Barbers Point Underwater Range Oahu                                                  

  Coast Guard AS Barbers Point/Kalaeloa Airport Oahu                                                  

  PMRF Warning Areas# Ocean Areas                                                  

  Oahu Warning Areas# Ocean Areas                                                  

  Open Ocean Areas# Ocean Areas                                                  

  U.S. Command Ship Ocean Areas                                                 

U.S. Marines Marine Corps Base Hawaii Oahu                                                  

  Marine Corps Training Area Bellows Oahu                                                  

U.S. Air Force Hickam Air Force Base Oahu                                                  

U.S. Army Kahuku Training Area Oahu                                                  

  Makua Military Reservation Oahu                                                  

  Dillingham Military Reservation Oahu                                                  

  Wheeler Army Airfield Oahu                                                  

  K-Pier, Kawaihae Hawaii                                                  

  Bradshaw Army Airfield Hawaii                                                  

  Pohakuloa Training Area Hawaii                                                  

State Keehi Lagoon Oahu                                                  
 
*  Includes Port Allen and Makaha Ridge       **  Includes Ford Island and all other areas within the harbor.                
# These areas are included in the HRC.  The HRC is now used to define the outer limits of the ocean areas used during Major 
Exercises.   Locations where events can occur    Multiple Carrier Strike Group       
Training Events:                          
A-A MISSILEX Air-to-Air Missile Exercise (formerly AAMEX) C2 Command and Control      SALVAGE OPS  Salvage Operations    
AAW1 Anti-Air Warfare DEMO Demolition Exercise       SAMEX    Surface-to-Air Missile Exercise (now S-A MISSILEX)  
AIROPS Air Operations GUNEX Gunnery Exercise       SINKEX    Sinking Exercise     
AMPHIBEX Amphibious Landing Exercise (now Expeditionary Assault) HA/DR Humanitarian Assistance/Disaster Relief   SMWEX   Ship Mine Warfare Exercise  
Air MIWEX Air Mine Warfare Exercise (formerly AMWEX) HAO/NEO Humanitarian Assistance Operation/    SPECWAROPS  Special Warfare Operations   
A-S MISSILEX Air-to-Surface Missile Exercise (formerly ASMEX)  Non-Combatant Evacuation Operation   SSMEX    Surface-to-Surface Missile (now S-S MISSILEX)   
ASUW2/ASW3 Anti-Surface Warfare/ IN-PORT In-port Briefings and Activities     STWEX    Strike Warfare Exercise   
 Anti-Submarine Warfare Exercise LFX Live Fire Exercise       SUBOPS   Submarine Operations   
ASW Anti-Submarine Warfare Exercise (formerly ASWEX) MCM Mine Countermeasures      SUPPORTEX  In-Port Support Exercise   
CASEX Close Air Support MINEX Mine Exercise        UMWEX   Underwater Mine Warfare Exercise 
  MIW4 Mine Warfare                     
Note: Since the publication of the RIMPAC 02 Programmatic (U.S. Department of the Navy, 2002a), new terminology and/or categories of exercises have come into use.  They are as follows:   
1 AAW includes AIROPS, S-A MISSILEX, A-A MISSILEX, and A-S MISSILEX 2 ASUW includes GUNEX, S-S MISSILEX, and ASW      3 ASW includes S-S MISSILEX and ASW      
4 MIW encompasses two subsets, MINEX and MCM.  MINEX is the act of laying mines.  MCM is the act of locating and countering mining by others and includes SMWEX, AMWEX, and UMWEX.   
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APPENDIX E 
WEAPON SYSTEMS 

Table E-1.  Typical Missile Exercise Weapons Used at Pacific Missile Range Facility 

TYPE CHARACTERISTICS 
 Weight Length Diameter Range Propulsion 

Surface-to-Air Missiles      
Short Range      
Stinger (FIM-92A) 10.0 kg  

(22 lb) 
1.5 m  
(5 ft) 

70 mm 
(2.8 in) 

4.8 km 
(3.4 nm) 

Solid fuel 

Sea Sparrow (RIM-7) 204 kg  
(450 lb) 

3.7 m  
(12 ft) 

203-2 mm 
(8 in) 

14.8 km 
(10.6 nm) 

Solid fuel 

Rolling Airframe 
(RIM-116) 

73.5 kg  
(162 lb) 

2.8 m 
(9 ft 3 in) 

127 mm 
(5 in) 

7 km 
(5.0 nm) 

Solid fuel 

Medium Range      
Standard SM-1 MR 
(RIM-66B) 

499 kg 
(1,100 lb) 

4.5 m 
(14 ft 8 in) 

342.9 mm 
(13.5 in) 

46.3 km 
(33 nm) 

Solid fuel 

Standard SM-2 
(RIM-66C) 

612 kg 
(1,350 lb) 

4.4 m 
(14 ft 7 in) 

342.9 mm 
(13.5 in) 

74.1 km 
(53 nm) 

Solid fuel 

Long Range      
Standard SM-2 ER 
(RIM-67A/B and 67-C/D) 

1,325 kg 
(2,920 lb) 

8.2 m 
(27 ft) 

342.9 mm 
(13.5 in) 

166.7 km 
(90 nm) 

Solid fuel 

Standard SM-2 AER 
(RIM-67B) 

1,452 kg 
(3,200 lb) 

6.7 m 
(22 ft) 

342.9 mm 
(13.5 in) 

150 km 
(107.1 nm) 

Solid fuel 

Air-to-Air Missiles      
Short Range      
Sidewinder (AIM-9) 84.4 kg 

(186 lb) 
2.9 m 

(9 ft 6 in) 
127 mm 

(5 in) 
18.5 km 
(10 nm) 

Solid fuel 

Medium Range      
Sparrow (AIM-7) 231 kg 

(510 lb) 
3.6 m 

(11 ft 10 in) 
203.2 mm 

(8 in) 
55.6 km 
(30 nm) 

Solid fuel 

Long Range      
Phoenix (AIM-54) 447 kg 

(985 lb) 
4 m 

(13 ft) 
381 mm 
(15 in) 

203.9 km 
(110 nm) 

Solid fuel 

Air-to-Surface Missiles      
Short Range      
Skipper II (AGM-123) 582 kg 

(1,283 lb) 
4.3 m 
(14 ft) 

 355.6  mm 
(14 in) 

9.6 km 
(5.2 nm) 

Solid fuel 

Notes: 
ft  feet  lb pounds 
in  inches  m meters 
kg  kilograms  mm millimeters 
km kilometers nm nautical miles 
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Table E-1.  Typical Missile Exercise Weapons Used at Pacific Missile Range Facility 
(Continued) 

TYPE CHARACTERISTICS 
 Weight Length Diameter Range Propulsion 

Air-to-Surface Missiles (Concluded)     
Medium Range      
HARM (AGM-88) 366.1 kg 

(807 lb) 
4.2 m 

(13 ft 9 in) 
254 mm 
(10 in) 

18.5 km 
(10 nm) 

Solid fuel 

Shrike (AGM-45) 177 kg 
(390 lb) 

3 m 
(10 ft) 

203.2 mm 
(8 in) 

18.5 km 
(10 nm) 

Solid fuel 

Sidearm (AGM-122) 90.7 kg 
(200 lb) 

3 m 
(10 ft) 

127 mm 
(5 in) 

17.8 km 
(9.6 nm) 

Solid fuel 

Long Range      
Harpoon (AGM-84/ 
RGM-84/UGM-84)* 

797 kg 
(1,757 lb) 

5.2 m 
(17 ft 2-in) 

342.9 mm 
(13.5 in) 

278 km 
(150 nm) 

Solid fuel 

Surface-to-Surface Missiles (Cruise)     
Harpoon (AGM-84/ 
RGM-84/UGM-84)* 

797 kg 
(1,757 lb) 

5.2 m 
(17 ft 2-in) 

342.9 mm 
(13.5 in) 

278 km 
(150 nm) 

Solid fuel 

Source:  U.S. Department of the Navy, 1998a   
Notes: 
*Characteristics vary according to variant.  Those for RGM-84F are shown.   
ft  feet  lb  pounds 
in  inches  m  meters 
kg  kilograms  mm  millimeters 
km  kilometers  nm nautical miles 

Table E-2.  Typical Aerial Target Drones and Missiles Used at  
Pacific Missile Range Facility 

TYPE CHARACTERISTICS 
 Length Speed 

(Maximum) 
Operational Altitude 

(Maximum) 
Time on Station 

(Maximum) 
Subsonic     

BQM-34S 7 m (23 ft) Mach 0.9 15,240 m (50,000 ft) 60 minutes 
BQM-74C 4 m (13 ft) 430 knots 10,668 m (35,000 ft) 75 minutes 

Supersonic     

MQM-8G (ER) 7.6 m (25 ft) Mach 2.7 1,524 m (5,000 ft) N/A 
AQM-37C 4.1 m (13.6 ft) Mach 4.0 30,480 m (100,000 ft) N/A 

Source:  U.S. Department of the Navy, 1998a   

Notes: 

ft  feet  
m meters  
N/A Not Applicable 
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Table E-3.  Typical Existing Target Systems Used at Pacific Missile Range Facility 

Type Category Name Propellant Type 
Ballistic Missile     

 Small AQM-37C Liquid 
  Black Brant V Solid 
  Hawk Solid 
  Recruit Solid 
  Malemute   Solid 
  HERMES Solid 
  Lance Liquid 
  Standard Solid 
  Tomahawk (Rocket) Liquid/Solid 
  Honest John (Booster) Solid 
  Nike (Booster) Solid 
  PATRIOT as a Target (PAAT) Solid 
  Apache Solid 
  Cajun Solid 
  Genie (14” diameter) Solid 
 Medium Terrier Solid 
  Talos Solid 
  Castor Solid 
  STRYPI Solid 
  Antares (Stack) Solid 
  Aries Solid 
  Spartan Solid 
  Talos Solid 
  SR-19 (Air Drop) Solid 
  STORM Solid 
  MA-31 Liquid 
  Liquid Fuel Target System Liquid 
 Large Strategic Target System Solid 
  Hera Solid 
  Terrier Solid 
 Supersonic AQM-37C Liquid 

 Vandal  Liquid/Solid 
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Table E-3.  Typical Existing Target Systems Used at Pacific Missile Range Facility 
(Continued) 

Type Category Name Propellant Type 
Aircraft    

 Subsonic QF-4 Liquid 

  AF-16 Liquid 

Balloon    

  Balloon N/A 

Towed    

 Aerial TDU-34A N/A 

Subsurface    

  MK-30 Mod 1 Liquid 
  EMATT Liquid 
  SPAT-1 (Self Prop Acoustic Target) Liquid 
  MK-17 (Stationary Target for MK-46) N/A 

Surface    

  QST 35 Liquid 
  HULK (TBD) N/A 
  ISTT (Improved Surface Towed Target) N/A 

Cruise Missiles    

 Subsonic BQM-34S Liquid 
  BQM-74/CHUKAR Liquid 
  AQM-34 Liquid 
  MQM-107 Liquid 
  Harpoon Liquid 
  Liquid Fuel Target System Liquid 
  Tactical Air Launched Decoy (TALD 

ADM-141A) 
Liquid 

  ITALD (Improved version ADM-141C) Liquid 
 Supersonic Vandal Liquid/Solid 
  MA-31 Liquid 
  Terrier Solid 
  GQM-163A (Coyote) Solid 
  Liquid Fuel Target System Liquid 

Source:  U.S. Department of the Navy, 1988a 

Notes:    N/A Not Applicable 
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Table E-4.  Typical Existing Weapon Systems Used at Pacific Missile Range Facility 

 
Type 

 
Category 

 
Name 

Propellant Type 
(Liquid/Solid) 

Missiles    

 Ship ASROC Liquid/Solid 
 Ship Harpoon (RTM-84) Liquid 
 Ship MK-46 VLA Liquid/Solid 
 Ship SM-2 BLK II Solid 
 Ship SM-2 BLK III Solid 
 Ship SM-2 BLK IV Solid 
 Ship Sparrow (A1M7) Solid 
 Surf/Ship/Sub Harpoon (R/UGM-84) Liquid/Solid 
 Air AGM-45 (SHRIKE) Solid 
 Air Harpoon (AGM-84) Liquid 
 Air Phoenix Solid 
 Air Sidewinder Solid 
 Air Sparrow Solid 
 Air/Surf/Sub Tomahawk Liquid/Solid 
 Land Hawk Solid 
 Land MEADS Solid 
 Land PATRIOT Solid 
 Land THAAD Solid 
 Land/Ship Stinger Solid 

Guns    

 Ship Naval Guns N/A 
 Ship Phalanx/Vulcan N/A 
 Air Aircraft Mounted Guns N/A 
 Land Howitzer N/A 

Weather Rocket    

 Land PWN-11D Solid 
 Land PWN-12A Solid 

Torpedoes    

 Sub MK-48 ADCAP Liquid 
 Sub MK-48 Liquid 
 Air/Ship MK-44 (PLLT) Battery 
 Air/Ship MK-30 Battery 
 Air/Ship MK-50 Liquid 
 Air/Ship MK-54 Liquid 
 Air/Ship Type 80 (Japanese) Liquid 
 Air/Surf MK-46 Liquid 

Source:  U.S. Department of the Navy, 1998a   
Note:     N/A Not Applicable 
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Table E-4.  Typical Existing Weapon Systems Used at Pacific Missile Range Facility 
(Continued) 

 
Type 

 
Category 

 
Name 

Propellant Type 
(Liquid/Solid) 

Sub Launched Mines    

 Sub MK-67-2 Sub Launched Mobile Mine 
(SLMM) 

Battery 

Air Deployed Mines    

 Air MK-25 N/A 
 Air MK-36 N/A 
 Air MK-36 DST N/A 
 Air MK-52 N/A 
 Air MK-76 N/A 

Bombs    

 Air BDU-45 N/A 
 Air MK-82 N/A 

Source: adapted from U.S. Department of the Navy, 1998a   
Note:  N/A Not Applicable 
 

 
Table E-5.  Typical Electronic Warfare Assets Used at Pacific Missile Range Facility 

TYPE CHARACTERISTICS 
  

Frequency Bands 
Power Output 

(Maximum) 
 

Location Used 
Air and Seaborne Electronic Warfare Assets   
Airborne Simulator Systems   
APS-504(V)5 8.9925 to 9.375 GHz 8 kW Pacific Missile Range 

Facility (PMRF) RC-12F 
Aircraft 

MK-67 907.2 kg (2,000 lb) 4.00 m (13 ft 5 in) 533 mm (21 in) 
Expendable Radar Transmitter Sets   
AN/DPT-1(V) 7.8 to 9.6, 14.0 to  

15.2 GHz 
80 kW BQM-334S Targets 

AN/DPT-2(V) 9.375 GHz 20 kW BQM-74C Targets 
Airborne Electronic Countermeasures Systems   
Traveling Wave Tube 
Countermeasures System 

425 to 445 MHz,  
902 to 928 MHz,  

2 to 4 GHz 

100 W PMRF RC-12F Aircraft 

ALT-41 425 to 445 MHz 100 W PMRF RC-12F Aircraft 
ALT-42 902 to 928 MHz 100 W PMRF RC-12F Aircraft 
DLQ-3 2 to 4 GHz 100 W PMRF RC-12F Aircraft 
ULQ-21 8 to 10.5 GHz 100 W PMRF RC-12F Aircraft 
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Table E-5.  Typical Electronic Warfare Assets Used at Pacific Missile Range Facility 
(Continued) 

TYPE CHARACTERISTICS 
  

Frequency Bands 
Power Output 

(Maximum) 
 

Location Used 
Seaborne Simulator Systems   
AN/DPT-1(V) 7.8 to 9.6, 14.0 to  

15.2 GHz 
80 kW Range Boats 

AN/DPT-2(V) 7.8 to 9.6, 14.0 to  
15.2 GHz 

150 kW Range Boats 

Land-Based Electronic Warfare Assets   
Simulator Systems - Fixed   
AN/DPT-1(V) 7.8 to 9.6, 14.0 to  

15.2 GHz 
70 kW Makaha Ridge, Kauai 

ENSYN 2 to 4, 7 to 11 GHz 1 kW Makaha Ridge, Kauai 
I/J-TES 7.8 to 9.6, 14.0 to  

15.2 GHz 
70 kW Makaha Ridge, Kauai 

AN/DPT-1(V) 7.8 to 9.6, 14.0 to  
15.2 GHz 

70 kW Mauna Kapu, Oahu 

Simulator Systems - Mobile   
AN/DPT-1(V) 2.9 to 3.1, 7.8 to 9.6, 14.0 

to 15.2 GHz 
70 kW Barking Sands, Kauai 

AN/UPT-2A(V) 2.9 to 3.1, 7.8 to 9.6, 14.0 
to 15.2 GHz 

150 kW Barking Sands, Kauai 

AN/D/DPT-1(V) 7.8 to 9.6, 14.0 to  
15.2 GHz 

70 kW Perch Site, Niihau 

AN/UPT-2A(V) 2 to 4, 8 to 18 GHz 150 kW Perch Site, Niihau 
ENSYN 2 to 4, 8 to 18 GHz 1 kW Naval Air Station (NAS) 

Barbers Point, Oahu 
AN/DPT-1(V) 2.9 to 3.1, 7.8 to 9.6, 14.0 

to 15.2 GHz 
70 kW NAS Barbers Point, 

Oahu 
Electronic Countermeasures Systems - Fixed   
ALT-41 425 to 445 MHz 100 W Makaha Ridge, Kauai 
ALT-42 902 to 928 MHz 100 W Makaha Ridge, Kauai 
ULQ-26 2 to 4 GHz 100 W Makaha Ridge, Kauai 
ULQ-21 8.0 to 10.5-GHz 100 W Makaha Ridge, Kauai 
Electronic Countermeasures Systems - Mobile   
DLQ-3 425 to 445 MHz 

14.0 to 15.2 GHz 
100 W Range Boats, 

Remote Sites 
ULQ-26 425 to 445 MHz 

14.0 to 15.2 GHz 
100 W Range Boats, 

Remote Sites 
ULQ-21 425 to 445 MHz 

14.0 to 15.2 GHz 
100 W Range Boats, 

Remote Sites 
ALT-41/42 425 to 445 MHz 

14.0 to 15.2 GHz 
100 W Range Boats, 

Remote Sites 

Source: adapted from  U.S. Department of the Navy, 1998a   
Notes: 
ft feet in  inches kW kilowatts m meters mm millimeters 
GHz gigahertz kg kilograms lb pounds MHz megahertz W watts 
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Table E-6.  Existing Pacific Missile Range Facility Radars, Locations, and Characteristics 

 
 

Emitter 

 
 

Comments 

 
 

Location 

Power 
Peak 
(kW) 

 
Scan 
Rate 

Frequency (MHz) 
Low       High 

Pulse 
Width 
(μS) 

 
PRF 

(PPS) 

Ant.  
Gain 
(dBi) 

Ant.  
Elev.  
(m) 

 
 

Remarks 

AN/MPS-25 Monopulse Tracking 
(2 each) 

Main Base 1,000 -- 5,400 5,900 0.25, 
0.5, 1 

160, 640 46 18 AZ=0 to 360 
degrees.  
Elevation=-5 to 
+185 degrees 

AN/SPS-10 Surveillance Main Base 250 15 
rpm 

5,450 5,825 0.5, 1.3 640 30 22  

AN/UPX-27 AN/SPS-10 IFF 
Interrogator 

Main Base 1 15 
rpm 

1,030 1,030 0.8 640 23 22 Uses AN/SPS-
10 antenna 

AN/FPS-106 Weather Radar Main Base 500  5,450 5,650 0.5 320 35 20  

AN/WRF-100 DOE Radar Facility Main Base 250 -- 9,375 9,375 1 640 32 10  

THAAD Radar X-Band 
Tracking 

Main Base   8,000 12,000    22  

AN/MPS-25 Monopulse Tracking 
(2 each) 

Makaha 
Ridge 

1,000 -- 5,400 5,900 0.25, 
0.5, 1 

160, 640 46 500 AZ=0 to 360 
degrees.  
Elevation=-5 to 
+185 degrees 

AN/FPQ-10 Monopulse Tracking 
(2 each) 

Makaha 
Ridge 

1,000 -- 5,400 5,900 0.25, 
0.5, 1 

160, 640 43 473 AZ=0 to 360 
degrees.  
Elevation=-5 to 
+90 degrees 

AN/SPS-48E Track-While-Scan 
Surveillance 

Makaha 
Ridge 

2,400 15 
rpm 

2,908 3,110 27 Various 39.1 462  

AN/UPX-27 AN/SPS-48E IFF 
Interrogator 

Makaha 
Ridge 

1 15 
rpm 

1,030 1,030 0.8 Various 19 462  

AN/APS-134 Surface Surveillance Makaha 
Ridge 

500 15 
rpm 

9,500 10,000 0.5 500 42 457 Linear 
frequency chirp 
each pulse 

AN/FPS-16 Monopulse Tracking Kokee 1,000 -- 5,400 5,900 0.25, 
0.5, 1 

160, 640 43 1,155 AZ=0 to 360 
degrees.  
Elevation=-5 to 
+185 degrees 

AN/FPQ-10 Monopulse Tracking Kokee 1,000 -- 5,400 5,900 0.25, 
0.5, 1 

160, 640 43 1,150 AZ=0 to 360 
degrees.  
Elevation=-5 to 
+90 degrees 

USB Unified S-Band 
System 

Kokee 20 -- 2,090 2,120 CW CW 44 1,110  

AN/FPS-117 Surveillance Kokee 24.75 5 rpm 1,215 1,400 51.2, 
409.6 

241 38.6 1,310  

OX-60/FPS-
117 

AN/FPS-117 IFF 
Interrogator 

Kokee 2 5 rpm 1,030 1,030 Various 241 21 1,310  

AN/APS-134 Surveillance Niihau 500 15 
rpm 

9,500 10,000 0.5 500 42 375  

R73-6 Raytheon Pathfinder  
(3 each) 

Weapons 
Recovery 
Boat and 
Torpedo 
Weapons 
Recovery 

10 24 
rpm 

9,410 9,410 0.08, 
0.4, 0.8, 
1.2 

2,000, 
1,500, 
750, 500 

16 8  

APS-134 Surveillance HIANG 
Kokee 

500 15 
rpm 

9,500 10,000 0.5 500 42 375  

Source:  U.S. Department of the Navy, 1998a   
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Table E-7.  Representative Proposed Target Systems 

Type Name Propellant Type 
Ballistic Missile    

 New Advanced Hypersonic Weapon 1st stage Solid 
 New Advanced Hypersonic Weapon 2nd stage Solid 
 Super STRYPI Solid 

 

Table E-8.  Target Launch Pad—Rail and Stool Requirements 

 
Item/Facility Type 

Requirements 
0 to 1,200 kilometers (0 to 647.9 nautical miles) 

Dimensions of Launch Pads/Construction 
Materials Assumed 

12.2 meters x 15.2 meters + 15.2 meters (40 x 50 feet + 50 feet) 
for environmental shelter = 12.2 meters x 30.5 meters (40 x 100 
feet) = 371.6 square meters (4,000 square feet).  Concrete pad 
with outer gravel or coral area. 

Cleared Area/No Vegetation Zone 
Surrounding Launch Pad 

15.2 to 30.5 meters (50 to 100 feet) 

Explosive Safety Quantity-Distance (ESQDs) 
by Category Type (Intraline [IL], Public 
Transportation Route [PTR], Inhabited 
Building [IB]) 

85.3 meters (280 feet) IL 
228.6 meters (750 feet) PTR 
381 meters (1,250 feet) IB ESQD 

Ground Hazard Area (GHA) Radius  
 

For most unguided systems, GHA = 609.6 meters (2,000 feet) 
For guided systems, GHA = 1,828.8 to 3,048 meters (6,000 to 
10,000 feet) 

Electromagnetic Radiation Constraints to 
Personnel, Fuels, or Ordnance 

Consider HERO (ordnance electronic triggering mechanisms 
potentially set off due to electromagnetic radiation). 

Launch Pad Fencing/Security Needs Should have access control to the hazardous operations/ 
launching area.  The target payload may be classified.   

Utilities to Launch Pad/Type Needed 
 

Will bring some portable electrical generator capability 
(campaign).  Will require a power distribution system, fuel storage, 
and containment area to avoid soil contamination. 

Road Access to Launch Pad/Hazardous 
Transportation Route/ % Grade 

Prefer gravel road of less than 6 percent grade.   
Prefer to stay off public highways. 

Environmental Shelter/Pad/Dimensions 
 

Depends on the type of missile system and site environmental 
constraints (some missiles are temperature, humidity, and salt 
spray dependent).  At Kauai Test Facility, only tarps are used in 
some cases.  Some booster rockets must be maintained between 
15.5 to 26.7 degrees Celsius (60 to 80 degrees Fahrenheit).  Also 
stool launch items will require wind protection. 

Soil Conditions Desired Stable soil, cleared gravel or paved area around the launcher. 

Minimum Distance to Shoreline If Any  None.  Consider waves, salt spray. 

Source:  U.S. Department of the Navy, 1998a   
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Table E-9.  Target Support/Preparation and Launch Control Facilities Requirements 

Item/Facility Type Requirements 
Missile Assembly—Need missile assembly building 
on Island or Build-up at Another Location (Specify if 
Known), Ship by Aircraft or Barge to Island, or 
Other Logistics Based on Distance, Weight, 
Airfield, etc. 

No new missile assembly building needed.  Build up at 
Pacific Missile Range Facility (PMRF).  Transport by 
aircraft or barge to island.  May have an environmental 
shelter (stool) and/or clamshell (rail) at the launch site.  . 

Vertical Target Missile Service Tower Needed, 
Dimensions 

None required. 

Launch Control Van or Building Mobile Launch Control Van [could be a van brought in by 
air or barge or a trailer like Kokole Point at PMRF with a 
berm (if a rail), or a van in a hardened van shelter (if a 
stool)].   

Launch Pad Equipment Building Equipment building [8 x 8 feet] next to pad. 

Missile Storage Facility May need missile storage if the number of launches per 
year justifies the cost. 

Warehousing Would use existing warehousing if available.  If not, keep 
supplies on a barge or fly in/out.  May use military vans or 
enclosed semi trailers. 

Road Access Dimensions/Minimum Radii 12 feet wide road minimum, 50 feet turning radius to launch 
pad, 8 feet minimum to launch control.   

Min.  Distance to Shoreline If Any None.  Consider wave action, salt spray. 

Utilities to Facilities/Type Needed Electricity. 

Security/Fencing/Clear Zone Needed/Dimensions Not required unless there is a need to provide security 
protection or to mitigate for bird control (site specific—
Tern).  Dimensions undefined. 

Electromagnetic Radiation Constraints to 
Personnel, Fuels, or Ordnance 

Consider HERO (ordnance electronic triggering 
mechanisms potentially set off as a result of 
electromagnetic radiation). 

View of Launch Pad Needed from Control 
Van/Building 

Desired. 

Source:  U.S. Department of the Navy, 1998a   
 

Table E-10.  Representative Defensive Missile Systems 

Type Category Name Propellant Type (Liquid/Solid) 
Missiles    
 Ship SM-2 BLK IVA Solid 
 Ship SM-3 Solid 
 Ship SM-6 Solid 
 Air AMRAAM Solid 
 Land MEADS Solid 
 Land PATRIOT (PAC-2) Solid 
 Land PAC-3 Solid 
 Land THAAD Solid 

Source:  U.S. Department of the Navy, 1998a   
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Table E-11.  Land-based Interceptor Launch Site (Mobile) Requirements 

 
Item/Facility Type 

Requirements 
0 to 1,200 kilometers (0 to 647.9 nautical miles) 

Desired Operational Launch Orientation/Flight 
Path 

Need target range of between 350 and 1,000 kilometers 
(217.5 and 621.4 miles)   

Dimensions of Launch Pads/Construction 
Materials Assumed 

Need a hardstand area (prefer gravel or coral) and relatively 
level ground.  Need an area of approximately 42.1 x 20.1 
meters = 846 square meters (138 x 66 feet = 9,108 square 
feet).  The launchers are to be sited within the 120 degree 
angle of the radar signal (60 degrees either side of the 
boresight).  The launchers are to be located between 130.1 
meters (427 feet) and 10 kilometers (6.2 miles) from the radar 
set.  Several launchers may be sited within this area. 

Cleared Area/No Vegetation Zone Surrounding 
Launch Pad 

None.  Consider security/visibility. 

Explosive Safety Quantity-Distance (ESQD) by 
Category Type (Intraline [IL], Public Transportation 
Route [PTR], Inhabited Building [IB]) 

381 meters (1,250 feet) for IB ESQD, 85.3 meters (280 feet) 
IL, 228.6 meters (750 feet) PTR 
Note—Should plan for 381 meters (1,250 feet)—Dual mode 
Area Interceptors. 

Ground Hazard Area (GHA) Radius 1,829-meter (6,000-foot) radius 

Electromagnetic Radiation Constraints to 
Personnel, Fuels, or Ordnance 

120.1 meters (394 feet) in front of the radar - 60 degrees both 
sides of boresight (refer to PAC-3 environmental document). 

Launch Pad Fencing/ 
Security Needs/Dimensions 

Security guards required. 

Utilities to Launch Pad/Type Needed Utilities are required for aerospace ground equipment and test 
instrumentation. 

Road Access to Launch Pad/Percent Grade Require road access through rough terrain, gravel preferred.  
Turning radius of 15.2 meters (50 feet).  System designed to 
be mobile.   

Soil Conditions Desired Stable soil.  Gravel surface desirable.  Do not want equipment 
to sink. 

Environmental Shelter/Pad/Dimensions Re-enforced structures for Command and Control trailers. 

Minimum Distance to Shoreline If Any None.  Consider wave action, salt spray. 

Source:  U.S. Department of the Navy, 1998a   
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Table E-12.  Telemetry, Optics, and Radar Instrumentation Requirements 

Item/Facility Type Requirements 
Instrumentation Devices/Facilities 
Required—Targets 

Targets—Short- and medium-range multi-participant target and 
interceptor tracking and telemetry reception, additional range safety 
monitoring, and additional data products needed.   
Makaha Ridge:  Radars (COSIP), optics, lasers, electronic warfare, 
telemetry (receivers, recorders, antennas) and internal power plant 
upgrades 
Kokee Parcel A:  Radar (x band), Communications (CEC [tower], voice, 
data [telephone poles]) 
Parcel C:  Telemetry antenna (phase array or dish), building (40x60) 
Parcel D:  Radar (COSIP), telemetry antenna 

Instrumentation Device(s)/Facilities 
Required - Interceptors 

Area Interceptors—Assumes that Range assets are fixed or trailer 
mounted (portable). 

Number of Interceptor Personnel 
Working/How Long 

Radar site requires 15 people working 2 to 3 weeks. 

Mobile Instrumentation Alternative May consider mobile instrumentation at some sites if no or inadequate 
on-ground facilities exist.  Example is the Wallops Flight Facility 
(NASA) system.  Requires C-141 accessibility for airborne assets.  On-
ground assets require concrete pad for mobile radar pedestal, line of 
sight, adequate safety clear zone, and generator use.  May also 
consider military P-3 aircraft use. 

Source:  U.S. Department of the Navy, 1998a   
 

Table E-13.  Communications, Command, and Control Requirements 

Item/Facility Type Requirements 
Number of Interceptor Personnel 
Working/How Long 

Battle management, communications, command, and control, and 
intelligence—15 people for 2 to 3 weeks. 

Command and Control Enhancements—
Targets/ Interceptors 

Command and control needed; enhanced range safety monitoring 
needed; and FTS enhancement needed.   
Possible use of Building 105—Control Center at PMRF.   
Expand fiber optics.   
Expand office space.   
Add transmitters and receivers, other communication equipment.   
Could be mobile in aircraft. 

Source:  U.S. Department of the Navy, 1998a   
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Table E-14.  Support Infrastructure Requirements 

Item/Facility Type Requirements 
Electric Power/Portable Generator/Backup For Interceptors—Need power under Test mode, no power under 

Tactical mode.  Self contained.   
For Targets—Power needed, either local power or a generator. 

Sanitation/Septic/Waste Treatment For Interceptors—Total sanitation need is for 47 personnel for 2 to 3 
weeks/launch.   
For Targets—Total sanitation need is for 6 to 10 personnel for 1 to 2 
weeks/launch. 

Solar Power None for Interceptors.   
Targets—No need defined. 

Natural Gas/Propane None for Interceptors.   
Targets—No need defined. 

Potable Water/Fire Flow/Storage Interceptors and Targets—Drinking water for personnel, minor fire 
control. 

Solid Waste Disposal/Transfer Interceptors and Targets—Temporary on site storage and/or 
transport away. 

Hazardous Materials Temporary Storage 
Transfer–Liquid and Storage 

Interceptors and Targets—Temporary storage. 

Storage/Warehousing/ Logistics Support 
and Services—Campaign Only 

Interceptors and Targets—Use existing space, if available.   

On-Island Road Access/Vehicle Storage, 
Maintenance, and Parking—Campaign 
Only  

Interceptors and Targets—Semi-trailer road access to assets 
required.   
Campaign—No storage. 

Off-Island Transportation (Air, Barge, 
Other) 

Interceptors and Targets—Air transport (C-130, C-141, and C-5/C-
17) and landing craft or ship.  Aircraft use desirable. 

Fire Station/Pumper/Training/Equipment/ 
Emergency Medical Team 

As defined by PMRF Safety. 

Security Forces/Training Interceptors and Targets—Security guards will be required during 
launches.  No permanent support. 

Recreation Facilities/Services Interceptor and Targets—No need defined. 

Fuel Storage Interceptor and Targets—Electric generator and vehicle fuel 
storage. 

Transient Quarters/Berthing Quarters-
Barges 

Interceptor and Targets—Need defined.  Self-contained onshore 
camp concept or ship/barge quarters.  See personnel numbers.  
Depends on frequency/location. 

Permanent Housing (Base UEPH/Family 
Housing or Private Rental Housing) 

Interceptor and Targets–No need defined. 

Administrative Services/Office Space/ 
Campaign Trailer 

Interceptor and Targets—Possible use of Building 105 at PMRF or 
SNL/KTF complex.  Possible use of campaign trailer(s). 

Medical Facility and Services Interceptors and Targets—No special facilities required.  Typical 
services assumed. 

Mess Hall/Laundry Facility and Services Interceptors and Targets—Self-contained onshore camp concept or 
ship/barge facilities. 

Communications Facility and Services Interceptors and Targets—No need defined. 

Liquid Propellant Storage (Hypergolic) Interceptor—May require temporary storage.   
Targets—Need defined for targets. 
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Table E-14.  Support Infrastructure Requirements (Continued) 

Item/Facility Type Requirements 
Small Explosives/Igniter/Squib 
Storage/Setbacks 

Interceptor—No need defined.   
Targets—May require squib storage. 

Heavy Equipment/Crane Interceptor—No need defined. 
Targets—May require crane. 

Lightering Boat and Marine Crew 
Services/Stevedoring 

Interceptor and Targets—Need defined. 

Berthing/Moorage/Dock and Ramp Interceptor and Targets–Need defined if no adequate airfield. 
Helipad  
 

Interceptor and Targets–Need helipad support capability for 
emergency medical evacuation and supplies delivery, or airfield 
capability. 

Aircraft Runway (C-130, C-141, C-5, C-17 
or Other)/Airfield operations and 
maintenance/Hotpad/Aircraft Parking and 
Maintenance 

C-130, C-141, and C-5/C-17.   

Source:  U.S. Department of the Navy, 1998a   

 
Table E–15.  Representative Missile Propellant and Exhaust Components 

 
Missile 

Propellant 
Class 

Major 
Propellant Components 

Major 
Exhaust Components 

Weapon Systems   
MEADS Solid Aluminum, HTPB Aluminum Oxide, Carbon Dioxide, Carbon Monoxide, 

Hydrogen, Hydrogen Chloride, Nitrogen, Water 
PAC-2 Solid Aluminum, Ammonium 

Perchlorate, Iron Oxide, 
Polymer Binder 

Aluminum Oxide, Carbon Dioxide, Carbon Monoxide, 
Hydrogen, Hydrogen Chloride, Nitrogen, Water 

PAC-3 Solid Aluminum, HTPB Aluminum Oxide, Carbon Dioxide, Carbon Monoxide, 
Hydrogen, Hydrogen Chloride, Nitrogen, Water 

Standard 
Missile 

Solid Aluminum, Ammonium 
Perchlorate, HMX 

Aluminum Chloride, Aluminum Oxide, Ammonia, 
Carbon Dioxide, Carbon Monoxide, Ferric Chloride, 
Ferric Oxide, Hydrogen, Hydrogen Chloride, Nitric 
Oxide, Nitrogen, Water 

THAAD Solid Aluminum, Ammonium 
Perchlorate, Binder 

Aluminum Oxide, Carbon Dioxide, Carbon Monoxide, 
Hydrogen, Hydrogen Chloride, Nitrogen, Water 

Target System   
HERA Solid Aluminum, Ammonium 

Perchlorate, CTPB, HMX, 
Nitrocellulose-Nitroglycerine 

Aluminum Oxide, Carbon Dioxide, Carbon Monoxide, 
Hydrogen, Hydrogen Chloride, Nitrogen, Water 

LANCE Liquid IRFNA (Hydrogen Fluoride, 
Nitric Acid, Nitrogen Dioxide), 
UDMH, Water 

Carbon Dioxide, Carbon Monoxide, Nitrogen, Oxygen, 
Water 

STRYPI Solid Aluminum, Ammonium 
Perchlorate, CTPB, 
Nitrocellulose-Nitroglycerine, 
Polysulfide Elastomer 

Aluminum Oxide, Carbon Dioxide, Carbon Monoxide, 
Chlorine, Hydrogen, Hydrogen Chloride, Hydrogen 
Sulfide, Nitrogen, Sulfur Dioxide, Water 

Source:  U.S. Department of the Navy, 1998a   
Notes:  
CTPB = Carboxyl-terminated Polybutadiene     HTPB = Hydroxyl-terminated Polybutadiene 
HMX = Cyclotetramethylenetetranitramine        UDMH = Unsymmetrical Dimethyl Hydrazine 
IRFNA = Inhibited Red Fuming Nitric Acid 
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INTRODUCTION 

This report is presented to fulfill the requirements conditional to the 2006 Rim of the 
Pacific Exercise (RIMPAC 06) Marine Mammal Protection Act (MMPA) Incidental 
Harassment Authorization (IHA) and the National Defense Exemption from the 
Requirements of the MMPA for Certain DoD Mid-Frequency Active Sonar Activities 
(NDE).

Pursuant to the MMPA, an IHA was sought from the National Marine Fisheries Service 
(NMFS), which was issued by the NMFS Division of Permits, Conservation, and 
Education, Office of Protected Resources for 2006 RIMPAC Exercise on 27 June 2006.
On 30 June 2006, the Deputy Secretary of Defense issued the NDE, which specified that 
for the conduct of RIMPAC 2006, the Navy would comply with all mitigation measures 
set out in the IHA.  The IHA required that the Navy, “Submit a report to the Division of 
Permits, Conservation, and Education, Office of Protected Resources, NMFS and the 
Pacific Islands Regional Office, NMFS, within 90 days of the completion of RIMPAC.”1

The IHA further specifies that the report contain and summarize the following 
information: 

(1) “An estimate of the number of marine mammals affected by the RIMPAC ASW 
exercises and a discussion of the nature of the effects, if observed, based on both the 
modeled results of real-time exercises and sightings of marine mammals”;  
(2) “An assessment of the effectiveness of the mitigation and monitoring measures 
with recommendations on how to improve them”;  
(3) "Results of the marine species monitoring (real-time monitoring from all 
platforms, independent aerial monitoring, shore-based monitoring at chokepoints, 
etc.) before, during, and after the RIMPAC exercises”; and
(4) "As much information (unclassified and, to appropriately cleared recipients, 
classified “secret”) as the Navy can provide including, but not limited to, where and 
when sonar was used (including sources not considered in take estimates, such as 
submarine and aircraft sonars) in relation to any measures received levels (such as 
sonobuoys or on PMRF range), source levels, numbers of sources, and frequencies 
so it can be coordinated with observed cetacean behaviors."   

This report, which contains only unclassified material, provides the necessary 
information and analyses, and thus fulfills these requirements.  The report is organized by 
section following the order of the requirements in the IHA.   

Section 1 provides an estimated number of marine mammals affected by the RIMPAC 06 
ASW events based on analysis of actual events and sightings of marine mammals, noting 
the nature of any observed effects where possible. 

1 Given that the last day of the RIMPAC 2006 exercise was 26 July 2006, this report is due no later than 24 October 2006.   
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Section 2 of this report assesses the effectiveness of the mitigation and monitoring 
measures required during RIMPAC 2006 with regard to minimizing the use of 
Mid-Frequency Active Sonar (MFAS) in the vicinity of marine mammals.  This section 
also includes an assessment of the practicality of implementation of the mitigation 
measures, the scientific basis behind those measures, and the impact some of the 
measures had on safety and the effectiveness of the required military readiness activities.  

Section 3 presents the results of the marine species monitoring comprised of independent 
aerial reconnaissance, shore-based monitoring in the vicinity of the chokepoint events, 
and results from the NMFS observers embarked on the USS LINCOLN during one of the 
choke-point exercises.  Also included in this section is a summary of the 29 marine 
mammal detections made by exercise participants during RIMPAC 06.

Section 4 of this report provides data on the location and hours of active MFAS used 
during RIMPAC 06 placed in context with observations of cetacean behaviors resulting 
from the aerial reconnaissance and shore-based monitoring and exercise participants. 
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SECTION 1: Marine Mammals Affected

The requirements stipulated in the IHA are to provide; “An estimate of the number of 
marine mammals affected by the RIMPAC ASW exercises and a discussion of the nature 
of the effects, if observed, based on both the modeled results of real-time exercises and 
sightings of marine mammals”.  To meet this requirement, Section 1 provides an 
estimated number of marine mammals affected by the RIMPAC 06 ASW events based on 
Navy’s original calculations using a threshold of 190dB for sub-TTS effects, and analysis 
of actual events and sightings of marine mammals, noting the nature of any observed 
effects.  It is compared to the estimated number of marine mammals affected as 
calculated when applying the 173dB sub-TTS threshold required by NMFS for issuance 
of the IHA.

The RIMPAC 2006 Supplemental Environmental Assessment predicted 532 hours of hull 
mounted MFAS use by exercise participants based on what had occurred in the previous 
RIMPAC exercise (RIMPAC 2004) and based on the present tactical ASW training 
requirements.  In actuality, 472 hours of MFAS use from hull mounted sources occurred 
during RIMPAC 06 exercise.2

The types of ASW training conducted during RIMPAC 06 involved the use of ships, 
submarines, aircraft, non-explosive exercise weapons, and other training related devices.
While ASW events would occur throughout the Hawaiian Islands Operating Area, most 
events would occur within six areas that were used for the modeling analysis since they 
were representative of variation in the marine mammal habitats and the bathymetric, 
seabed, wind speed, and sound velocity profile conditions within the entire Hawaiian 
Islands Operating Area (OPAREA).  Figure 1 on the following page displays the areas 
used for modeling and the OPAREA for the RIMPAC 06 exercise.   

For purposes of the impacts analysis, all likely RIMPAC 06 ASW events were modeled 
as occurring in these areas.  In fact, the majority of MFAS use occurred in the modeled 
areas as predicted (see Section 4 for a more detailed discussion), but any deviation from 
this would have been immaterial since the modeled areas were delineated so as to 
encompass the variation occurring in the entire Hawaiian Islands Operating Area.      

Modeling a predicted number of marine mammals affected by the RIMPAC 06 ASW 
events was undertaken based on acoustic thresholds derived from experimental data – 
190 dB Sound Exposure Level (SEL), which Navy believed, in a worst case analysis, 
indicated the potential to affect 289 marine mammals (for further details see the 2006 
Supplement to the 2002 Rim of the Pacific Programmatic Environmental Assessment).  
This number was calculated from the modeling without consideration for reductions 
resulting from the standard Navy protective measures mitigating exposure to MFAS or 
the additional measures imposed by the IHA.    

2 Three days of planned MFAS use were precluded by a temporary restraining order resulting from a lawsuit.   

5F-



4

Figure 1.  RIMPAC 2006 Exercise Operating Area depicting the areas used for modeling 
purposes in the analysis of effects on marine mammals. 
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Based on the reduction of MFAS hours from the modeled 532 to the actual 472 hours, the 
estimated potential number of marine mammals affected may be reduced to 
approximately 256 marine mammals (based on a ratio of marine mammal exposures 
exceeding the threshold to hours of MFAS operation).   

Following the modeled calculation of marine mammals affected, if required to determine 
the actual number of marine mammals affected by the exercise as mandated by the IHA, 
it is necessary to take into consideration standard Navy protective measures including 
decreasing the source level and then shutting down MFAS when detected marine 
mammals are approached.  This must be done since the mitigative effect of the protective 
measures were not factored into the modeling calculations.  While there is no clear metric 
value that can be assigned to mitigative effect of these measures, there was a reduction in 
potential to impact marine mammals by their implementation.  

During the exercise, there were 29 instances when marine mammals (individuals or pods) 
were detected by exercise participants.  All detections were made by standard lookout 
and aircraft reporting procedures except for one case of passive acoustic detection, which 
is also a standard Navy practice protective measure.  As a result of the protective 
measures in place and the high-level emphasis placed upon marine mammal protection, 
MFAS was shutdown by 12 exercise participants due to the detected marine mammals as 
detailed in Table 1.   

Table 1.  Details of the 29 marine mammal detections and actions by exercise participants 
during RIMPAC 06. 

July Date- 
Time (Z) 

Modeled
Area (Fig. 1) 

Lost 
Hours Description of Actions Taken

1
7/10-1738 1 0.5 

Helicopter sighted “marine mammal” >30Kyds from two active ships.  
Two ships shutdown MFAS for 15 min until further information from 
reporting unit was obtained and assessed in regard to requirements.  
Submarines in vicinity.

2
7/10-1912 5 1.5 

Surface ship sighted “marine mammal” and shutdown MFAS.  Other 
Surface Action Group (SAG) units notified.  Helicopter obtained visual 
on “a whale”; notified nearest ship in SAG.  Second helicopter 11 nm 
west detected another “whale” four minutes later but contact then 
immediately lost on both whales.  Ship in SAG obtained visual on “pod 
of dolphins”, which then approached w/in 1000 yards so MFAS 
reduced sonar by 6 dB.  Second pod of dolphins appeared soon 
thereafter and then a third “whale” appeared inside 200 yards MFAS 
shutdown for all three 3 SAG surface and 2 air units 30 min.  MFAS 
resumed 30 minutes later after range opened.  Submarine in vicinity.
Note: 6 total marine mammal detections this event.  

3 7/11-1314 2  Surface ship sighted “dolphin” at 500 yds.  MFAS not active. 

4 7/11-1522 2  
Surface ship sighted “pod of whales” range at 300 yds.  Maneuvered to 
open range.  MFAS not active.  

5 7/11-1641 2  Surface ship sighted “whale” at 200 yds.  MFAS not active.  

6 7/12 0215 2 0.5 Sighted “marine mammal” and shutdown MFAS opened range prior to 
recommencing active. 
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Table 1 (cont.).  Details of marine mammal detections and actions by exercise 
participants during RIMPAC 06 

July Date- 
Time (Z) 

Modeled
Area (Fig. 1) 

Lost 
Hours Description of Actions Taken

7 7/12-1827 5 2.0 
P-3 aircraft detected passive acoustic marine mammal traces within 
4000 yards.  Active tracking of submarine ceased with limitation to 
passive only and lost contact.  Four submarines in vicinity.  

8 7/14-1909 1  Ship sighted “whale” >1000 yards.  MFAS remained active. 
9 7/14-1923 1  Ship sighted “marine mammal” >1000 yards.  MFAS remained active. 

10 7/17-1625 1  Ship sighted a “dolphin”.  MFAS not active. 

11 7/17 2248 2 0.5 
P-3 aircraft sighted two “whales”.  Could not use active (DICASS) 
buoys. Submarine in vicinity.

12 7/19 0046 1 0.25 Ship sighted “2 pods of 10 pilot whales”.  Shutdown MFAS.

13 7/19 0320 1 0.5 Ship sighted “pod of three pilot whales” to the south bearing 040T 
@200 yds.  Shutdown MFAS.

14 7/19 1819 2  0.25 Ship sighted “whales” 1000 yards off port beam.  Shutdown MFAS.

15 7/20 0346 5 1.0 Ship sighted “pod of whales”.  Shutdown MFAS.

16 7/20 1612 2 0.5 Ship sighted “marine mammals”.  Shutdown MFAS. Submarine in 
vicinity.

17 7/20 2013 6  Ship sighted “dolphins” off bow.  MFAS not active.   

18 7/20 2128 6  P-3 aircraft sighting of 8 “whales”.  DICASS not available for tactical 
development. Submarine in immediate vicinity.

19 7/20 2300 5  Ship sighted 5 “dolphins” moving SE at 8 kts.  MFAS not active Two
submarines in vicinity.

20 7/21 1742 5  Ship sighted pod of approx 20 “dolphins” moving to SE.  MFAS not 
active. Two submarines in vicinity.

21 7/22 0429 5  Ship sighted “porpoises” 1-2 miles off starboard beam.  MFAS not 
active. Two submarines in vicinity.

22 7/23 0457 3  Ship sighted “pilot whale”.  MFAS not active.   

23 7/23 1913 5 0.5 Ship sighted 20 “whales” heading SW and shutdown MFAS. Two
submarines in the area.   

24 7/25 0015 4  
NMFS passed along report of pod of approx 400-500 melon-headed 
whales in channel between Maui and Hawaii.  P-3 tasked to investigate 
but verification precluded due to cloud cover. 

25 7/25 0430 5  Ship sighted “whale”.  MFAS not active.   

Participant 
Hours Lost 8.0 

8F-



7

As noted previously, instances of marine mammal detection by exercise participants with 
the resulting implementation of protective measures was unaccounted for by the 
predictive modeling assessing potential exercise effects on marine mammals.  In 
RIMPAC 06, there were 29 marine mammal detections by exercise participants, which 
resulted in protective measures being implemented for approximately 70 marine 
mammals and eight additional “pods” of marine mammals (Table 1).  Assuming that each 
detected (un-quantified) pod of marine mammals consisted of at least four marine 
mammals, then the total number of detected marine mammals for which exposure to 
MFAS was limited by standard Navy lookouts was approximately 100 marine mammals.      

Also required for the analysis in this section was consideration of “the nature of any 
observed effects” resulting from MFAS use.  The reports from exercise participants 
contained nothing that could be construed as abnormal or “observed effects” of MFAS.  
There were no instances where marine mammals behaved in an erratic, unusual, or 
anything other than a normal manner.   

Details regarding sightings and behaviors resulting from the aerial reconnaissance and the 
shore-based observers are presented in Section 3 of this report.  In short, there were no 
abnormal behaviors or unusual distributions of marine mammals observed during these 
monitoring efforts and, therefore, no observed effects resulting from MFAS use.    

Of the estimated potential 256 marine mammals affected by 472 hours of MFAS use, 
approximately 100 were precluded from exposure to MFAS by implementation of the 
protective measures.  Therefore, an estimate of the number of marine mammals affected 
by the RIMPAC ASW exercises was 156 marine mammals based on the modeled results 
of real-time exercises, actual events, and sightings.

NMFS believed that the 190dB SEL sub-TTS threshold was not sufficiently 
precautionary and required Navy to apply for its IHA using 173dB SEL.  Using the 
173dB threshold with the same modeling program and marine mammal density estimates 
as before, we arrived at in excess of 33,000 behavioral disturbances, or takes.  For 
perspective, this is about twice the number of marine mammals estimated to inhabit the 
waters around Hawaii in which the exercise took place.   

There were no affected marine mammals observed by exercise participants, aerial or 
shore based monitors, or via any other reports.  Therefore, further analysis based on 
observed effects, as mandated by this reporting requirement, is not possible and was not 
attempted. 

In summary, the pre-exercise estimate of marine mammals behaviorally affected in 
RIMPAC 06 was 289 using 190dB sub-TTS threshold and over 33,000 using 173dB.  No 
observers, from any platform or vantage point, noted in any reports that any marine 
mammals were affected by sonar.  Conclusions are: 

- Using 173dB SEL, a discrete decibel level, to define sub-TTS threshold was overly 
precautionary to a significant degree. 
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- There was no evidence of any behavioral affects on marine mammals throughout the 
exercise.
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SECTION 2: Mitigation And Monitoring 

As required under the IHA the report must contain, “An assessment of the effectiveness 
of the mitigation and monitoring measures with recommendations on how to improve 
them”.  This section of the report, therefore, provides an assessment of the effectiveness 
of the mitigation and monitoring measures, the scientific validity behind each measure, 
and recommendations on how to improve them with regard to practicality of 
implementation, their impact on exercise safety, and their impact on the effectiveness of 
the military readiness training activity.   

During RIMPAC 06, there were 199 anti-submarine warfare (ASW) events and 472 total 
hours of mid-frequency active sonar (MFAS) use.  There were no reported stranding 
events or observations of behavioral disturbance of marine mammals linked to sonar use 
during the exercise.  Specifically, there were three monitored choke-point exercises with 
observations by aerial reconnaissance and shore-based monitors before, during, and after.  
There was no indication from the Navy monitors or from the non-governmental civilian 
monitors of any effects on marine mammals.  These results are consistent with the 
previous 19 RIMPAC exercises in which no strandings linked to sonar use.

The only mitigation measures that prevented the use of MFAS in the vicinity of marine 
mammals were those that the Navy already had in place (Lookouts, aircraft reporting, and 
“safety zones”) with the exception of a modification of the Navy’s safety zone (450 yds) 
to 1000 m, agreed to for issuance of the IHA.  The result of applying these standard 
mitigation measures was that exercise participants lost approximately eight hours of 
active sonar use.

In the 12 events where MFAS was shutdown by exercise participants, a total of 
approximately eight hours of ongoing MFAS use ceased, thus impacting the effectiveness 
of those military readiness activities.  Some of the interrupted events involved lost time 
by multiple units operating in an integrated manner with the ramification being that 
shutdown of MFAS by a Surface Action Group (SAG) consisting of three vessels for 30 
minutes resulted in 1.5 hours lost training time.  Many of these events took place when 
submarines were in the vicinity of exercise participants and could have possibly been 
detected if MFAS had been available.  It is important to realize that for the remainder of 
the instances for which marine mammals were detected, the option to use MFAS as 
tactically indicated was precluded and thus impacted the effectiveness of exercise event 
since commanders were operating without the option of their full sensor suite (e.g., 
helicopters operating with the SAG).  This is especially true in the case of events 
involving sonobuoys where the inability to command-activate DICASS may have 
precluded the ability to track a contact or precluded development of attack criteria.  In 
one case during RIMPAC 06 (Table 1, #7), a P-3 aircraft lost track on a submarine 
actively being prosecuted resulting in a major training impact to the unit involved.     
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ASW proceeds slowly and requires careful development of a tactical frame of reference 
over time as data is integrated from a number of sources and sensors.  Once MFAS is 
turned off for a period of time, simply turning it back on minutes later does not usually 
allow a Commander to simply continue from the last frame of reference.  Thus, 15 
minutes of lost MFAS time does not equate to only 15 minutes of lost exercise time but 
should be considered in the fuller context of its overall impact on the tempo and tactical 
development of a Common Operational Picture shared among exercise participants as 
they trained with the goal of interoperability and improvement of ASW skills in general.   

While the Navy’s standard protective measures impacted the effectiveness of the training, 
a subset of the additional measures imposed by the IHA had no observed increased 
effectiveness in the protection of mammals during this exercise, and restricted the ability 
to train realistically in the known diesel submarine threat environments required for 
warfighting readiness.  This subset of mitigation measures is as follows: 

Requirements regarding “strong surface ducting conditions”  
Requirements regarding “low visibility conditions”
Restrictions from operating MFAS within 25 km of the 200 m isobath. 
Restrictions from operating MFAS in choke-points, constricted channels or 
canyon-like areas. 

The following requirements associated with choke-point events were monitoring efforts 
mandated by NMFS as a sampling strategy  to determine if there was any effect on 
marine mammals during these transits of the channels while conducting ASW 
operations..

Additional requirements when conducting choke-point operations, to include: 
Additional Non-Navy observers 
Extensive additional aircraft monitoring 
Shoreline reconnaissance 
Additional Navy lookouts 

These measures arose from a precautionary concern that MFAS use in the channels could 
possibly have greater potential to impact marine mammals, despite no evidence 
suggestive of this from previous RIMPAC exercises.  The cost to implement these 
requirements was $66,000 for RIMPAC 06.      

Analysis of results from RIMPAC indicates that the types of measures already in place in 
the Protective Measures Assessment Protocol (PMAP) were adequate to prevent 
operation of MFAS in the vicinity of detected marine mammals: 

There were no indications of any effects to any marine species throughout the 
exercise.
Of the 29 instances where marine mammals were detected, MFAS was shutdown 
for 12 units and ASW events were interrupted by implementation of standard 
mitigation measures by Navy watch standers or aircraft (see Table 1).  Mitigation 
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measures agreed to for this exercise that were in addition to Navy SOP protective 
measures did not provide observable increased protection to marine mammals. 
Burdensome administration of the IHA’s additional mitigation measures 
distracted exercise participants, watchstanders, and exercise commanders at the 
headquarters level from their primary responsibility of exercise training and 
safety.  While personnel seemed to adequately absorb this increased workload, 
there were no indications from all observations that the additional mitigation 
measures required provided additional protection to marine mammals during this 
exercise.

The following protective measures were already Navy SOP (PMAP) and were also 
mandated as mitigation measures for RIMPAC: 

1. Personnel are trained on marine mammal awareness and mitigation measures. 
2. There are personnel on lookout with binoculars at all times when the vessel is 

moving through the water.
3. On surface ships there are always at least three people on the bridge on lookout at 

all times and during ASW operations at least five people on lookout.
4. Lookouts report the sighting of any marine species, disturbance to the water's 

surface, or object in the water to the Officer of the Deck, who is the Commanding 
Officer’s direct representative on watch.

5. A safety zone is established around an active sonar source and sonar power is 
reduced when marine mammals enter this zone.  

6. Submarine sonar operators review detection indicators of close-aboard marine 
mammals prior to the commencement of ASW operations involving MFAS.

7. Aerial surveillance for marine species occurs whenever possible and detections 
are reported to ships in the vicinity. 

8. Helicopters using active (dipping) sonar observe and employ a safety zone. 
9. Sonar is always operated at the lowest practicable level to meet tactical training 

objectives.

The following mitigation measures agreed to for issuance of the IHA had no observable 
impact on the protection of mammals in this exercise and negatively affected training.
Prohibitions against operating in shallow water or in choke-points are contrary to ASW 
training requirements.  These measures affect the ability to train realistically in the known 
diesel submarine threat environment and directly impact vital military readiness activity: 

1. The restriction from operating MFAS within 25 km of the 200 m isobath. 
2. The restriction from conducting sonar activities in constricted channels or canyon-

like areas.

The following measures had no observable effect on the protection of mammals during 
this exercise, and could not be accurately and uniformly employed: 

1. Requirements regarding “strong surface ducting conditions”  
2. Requirements regarding “low visibility conditions”
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To organize the assessment of each mitigation measure, they are presented below in the 
order and organization as presented by in the IHA.

RIMPAC 06 IHA Mitigation and Monitoring Requirements 

Measures (a) and (b)
The first two mitigation measures ((a) and (b)) detail training requirements for units 
participating in MFAS ASW exercises.  All of the requirements within these two 
measures are redundant with the Marine Species Awareness Training (MSAT) that Navy 
lookouts and bridge personnel receive as Navy SOP.  MSAT was developed in 
coordination with marine biology experts within the Navy and provides all effective 
marine species detection cues and information necessary to detect marine mammals and 
sea turtles.  This material is part of the Navy Lookout watchstander qualification system, 
and will soon be available as online interactive training, and can also be provided in a 
video format for large audience presentations.   

NMFS (Pacific Islands Region) reviewed and approved MSAT to meet the purposes of 
these first two mitigation measures.   

Measure (a)
The MMPA Permit Monitoring and Mitigation Measure (a) read as follows:    

(a) All RIMPAC participants will receive the following marine mammal 
training/briefing during the port phase of RIMPAC: 

 (i) Exercise participants (CO/XO/Ops) will review the C3F Marine 
Mammal Brief, available OPNAV N45 video presentations, and a NOAA 
brief presented by C3F on marine mammal issues in the Hawaiian Islands. 

 (ii) NUWC will train observers on marine mammal identification 
observation techniques.

 (iii) Third fleet will brief all participants on marine mammal mitigation 
requirements.

 (iv) Participants will receive video training on marine mammal 
awareness.

Assessment: Training was already standard for all units before RIMPAC and is 
effective as a mitigation measure. 

Operational Impact of this mitigation measure:
None.  Using standardized and required training materials and procedures is more 
practical and effective.   

Recommendation
Training personnel in marine species detection and cues to enable operators to make 
informed decisions regarding potential interactions with protected marine species should 
be retained and is standard Navy practice. This measure should be rewritten as provided 
in Appendix (A). 
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Measure (b)
The MMPA Permit Monitoring and Mitigation Measure (b) read as follows:    

(b) Navy watchstanders, the individuals responsible for detecting marine 
mammals in the Navy's standard operating procedures, will participate in marine 
mammal observer training by a NMFS-approved instructor.  Training will focus 
on identification cues and behaviors that will assist in the detection of marine 
mammals and the recognition of behaviors potentially indicative of injury or 
stranding.  Training will also include information aiding in the avoidance of 
marine mammals and the safe navigation of the vessel, as well as species 
identification review (with a focus on beaked whales and other species most 
susceptible to stranding).  At least one individual who has received this training 
will be present, and on watch, at all times during operation of tactical mid-
frequency sonar, on each vessel operating mid-frequency sonar.

Assessment: Training as a mitigation measure can be captured in one requirement 
as provided in Appendix (A). 

Operational Impact of this mitigation measure:
None.  Using standardized and required training materials and procedures is more 
practical and effective.   

Recommendation
For Navy authorizations, adopt the training measure provided in Appendix (A), which is 
based on the MSAT training video. 

(1)  The Navy’s training and qualification program meets or exceeds the expectations of 
this mitigation measure.  Navy personnel serving as lookouts and on bridge watch are 
highly qualified and experienced marine observers.  At all times, they are required to 
sight and report all objects sighted in the water (regardless of the distance from the 
vessel) to the Officer of the Deck, because any object (e.g., trash, periscope) or 
disturbance (e.g., surface disturbance, discoloration) in the water may be indicative of a 
threat to the vessel.  Navy lookouts undergo extensive training in order to qualify.  This 
training includes on-the-job instruction under the supervision of an experienced lookout, 
followed by completion of the Personal Qualification Standard program, certifying that 
they have demonstrated the necessary skills (such as detection and reporting of partially 
submerged objects).  In addition to these requirements, many lookouts periodically 
undergo a 2-day refresher training course.

(2)  The Navy includes MSAT as part of its regular training regimen for its bridge 
lookout personnel on ships and submarines. This training is the most appropriate 
material available to allow for the safe operation of Naval vessels while limiting 
interactions with marine mammals and has been approved by NMFS.  This training 
addresses the lookout’s role in environmental protection, laws governing the protection of 
marine species, Navy stewardship commitments, and general observation information to 
aid in avoiding interactions with marine mammals.  Finally, Navy personnel are trained 
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in the most effective means to ensure quick and effective communication within the 
command structure and facilitate implementation of protective measures if marine species 
are spotted.  Navy personnel are trained to act swiftly and decisively to ensure that 
information is passed to the appropriate supervisory personnel.

Measure (c) 
This measure reads: 

(c) All ships and surfaced submarines participating in the RIMPAC ASW 
exercises will have personnel on lookout with binoculars at all times when the 
vessel is moving through the water (or operating sonar).  These personnel will 
report the sighting of any marine species, disturbance to the water's surface, or 
object to the Officer in Command.   

Assessment: This measure is included Navy’s SOPs, but as written requires one 
change.

Operational Impact of this mitigation measure:
None.

Recommendation
This mitigation measure is standard Navy practice and necessary for safe navigation.  
Reference to surfaced submarines should be removed since surfaced submarines are 
never engaged in ASW or use MFAS for ASW when on the surface.

Measure (d) 
This measure reads: 

(d) All aircraft participating in RIMPAC ASW events will conduct and 
maintain, whenever possible, surveillance for marine species prior to and during 
the event.  Marine mammal sightings will be immediately reported to ships in the 
vicinity of the event as appropriate. 

Assessment: This measure is part of Navy’s SOPs. 

Operational Impact of this mitigation measure:
None.

Recommendation
This mitigation measure is standard Navy practice and necessary for safe navigation. 

Measure (e) 
This measure reads: 

(e) Submarine sonar operators will review detection indicators of close-
aboard marine mammals prior to the commencement of ASW operations involving 
active mid-frequency sonar.  Marine mammals detected by passive acoustic (sic)3

3 The last sentence of this mitigation measure as published in both the IHA and the NDE is incomplete. 
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Assessment: This measure is in Navy’s SOPs. 

Operational Impact of this mitigation measure:
None.

Recommendation
These practices are already standard Navy procedures.

Measure (f) 
This measure reads: 

(f) Safety Zones - When marine mammals are detected by any means 
(aircraft, lookout, or acoustically) within 1000 m of the sonar dome (the bow), the 
ship or submarine will limit active transmission levels to at least 6 dB below 
normal operating levels.  Ships and submarines will continue to limit maximum 
transmission levels by this 6-dB factor until the animal has been seen to leave the 
area, has not been seen for 30 minutes, or the vessel has transited more than 2000 
m beyond the location of the sighting.

 Should a marine mammal be detected within or closing to inside 
500 m of the sonar dome, active sonar transmissions will be limited to at least 10 
dB below the equipment's normal operating level.  Ships and submarines will 
continue to limit maximum ping levels by this 10-dB factor until the animal has 
been seen to leave the area, has not been seen for 30 minutes, or the vessel has 
transited more than 1500 m beyond the location of the sighting. 

 Should the marine mammal be detected within or closing to inside 
200 m of the sonar dome, active sonar transmissions will cease.  Sonar will not 
resume until the animal has been seen to leave the area, has not been seen for 30 
minutes, or the vessel has transited more than 1200 m beyond the location of the 
sighting.
  If the Navy is operating sonar above 235 dB and any of the 
conditions necessitating a power-down arise ((f), (g), or (h)), the Navy shall 
follow the requirements as though they were operating at 235 dB - the normal 
operating level (i.e., the first power-down will be to 229 dB, regardless of at what 
level above 235 sonar was being operated). 

Assessment: This mitigation measure is effective, and requires improvement.   

Operational Impact of this mitigation measure:
During RIMPAC, marine mammals were visually detected three times by fixed-wing 
aircraft, three times by helicopters, and 23 times by lookouts aboard ships.  Active MFAS 
use ceased in 12 exercise events, as the ships opened the range with the locations where 
the marine mammals had been detected.  In three additional events, P-3 aircraft were not 
able to use active DICASS sonobuoys as tactics may have required.  Due to this 
mitigation measure, a total of approximately eight hours of training time was lost.   

This loss of MFAS training hours is more than a simple metric involving a loss of 
training time as a small percentage of the overall exercise hours since, in at least six 
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cases, the proximity of a submarine in the vicinity meant there was a potential submarine 
detection opportunity missed by the exercise participants.  

Recommendation
A “safety zone” mitigation measure was already SOP and this mitigation measure should 
be retained.  Expansion of the safety zone beyond 1000 m (or 1000 yards) is not prudent.  
This distance is the maximum Navy should impose on its ship commanding officers to 
certify “safe” for marine mammals or decrease the output of MFA sonar.

The provision regarding the reduction of transmission power if operating sonar above 
235 dB is reasonable and should be added as Navy SOP.

This mitigation measure involving “safety zones” should be retained with the following 
revisions:

Yards should be used vice meters because all Navy training and operations 
use yards as a term reference and there is no substantive difference in 
sound propagation between 1000 meters and 1000 yards. 

The 2000 meter, 1500 meter, and 1200 meter variable distance for when 
active sonar can resume is unnecessarily complex and the expanded 
distances without scientific merit. 

Measure (g) 
This measure reads: 

(g) In strong surface ducting conditions (defined below), the Navy will 
enlarge the safety zones such that a 6-dB power down will occur if a marine 
mammal enters the zone within a 2000 m radius around the source, a 10-dB 
power-down will occur if an animal enters the 1000 m zone, and shut down will 
occur when an animal closes within 500 m of the sound source.

A strong surface duct (half-channel at the surface) is defined as having the 
all the following factors: (1) A delta SVP between 0.6 to 2.0 m/s occurring within 
20 fathoms of the surface with a positive gradient (upward refracting); (2) Sea 
conditions no greater than Sea State 3 (Beaufort Number 4); and (3) Daytime 
conditions with no more than 50% overcast (otherwise leading to diurnal 
warming).  This applies only to surface ship mid-frequency active mainframe 
sonar.

Assessment: This mitigation measure could not be effectively implemented or 
uniformly employed in RIMPAC.  Additionally, there is no evidence to indicate it is 
effective or that it provides protection for marine mammals in addition to that 
provided in measure (f).

Operational Impact of this mitigation measure:
This mitigation measure could not be accurately and uniformly employed during 
RIMPAC. The exercise headquarters found so many variations in water conditions 
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across the exercise area that the determination of “strong surfacing ducting” was futile.  It 
was problematic for the following reasons: 

(1) There is so much local variation in the Pacific Fleet training areas that it would be 
necessary for a ship to constantly monitor the local environment to accurately comply 
with this measure.  Measurements taken during RIMPAC indicated large variation in the 
presence or absence of significant surface ducts over relatively short distances in the 
Hawaiian operating areas. 

(2)  The models used in forecasting a significant surface duct used high resolution that 
still resulted in a generalized sea state, SVP, and cloud cover over a large operational area 
covered by exercise participants.  Measured local variations were so different from these 
forecasts that the determination that "significant surface duct condition do/do not exist" 
was inherently inaccurate.

(3)  There is no means to know if the local SVP ahead of the ship is the same as the SVP 
being measured.  Oceanographic models are years away from being able to model the 
ocean's structure in four dimensions at the resolution required to accurately predict SVP 
changes on a detailed scale.

(4)  There is no allowance for local variations from tidal flux, differential sea states (as 
frequently seen in channels or shear lines to the southwest of most points of land in 
Hawaii), and currents/eddies - all of which have a significant effect on surface ducting. 

Recommendation
Because the process to determine if a significant surface duct exists across the entire 
exercise area could not be effectively implemented or uniformly employed, recommend 
this measure not be included in future authorizations.   
In addition, this measure seems to have been an outgrowth of the apparent evidence that 
significant surface ducting may have played a role in previous incidents involving 
stranding of beaked whales in certain conditions.  There is no evidence to suggest that 
significant surface ducting in and of itself causes MFA sonar’s overall effects to be 
increased, and it is still not known whether the presence of surface ducting was actually 
significant in the known beaked whale stranding incidents. 

Measure (h) 
This measure reads: 

(h) In low visibility conditions (i.e., whenever the entire safety zone cannot 
be effectively monitored due to nighttime, high sea state, or other factors), the 
Navy will use additional detection measures, such as infrared (IR) or enhanced 
passive acoustic detection.  If detection of marine mammals is not possible out to 
the prescribed safety zone, the Navy will power down sonar (per the safety zone 
criteria above) as if marine mammals are present immediately beyond the extent 
of detection. (For example, if detection of marine mammals is only possible out to 
700 m, the Navy must implement a 6 dB power-down, as though an animal is 
present at 701 m, which is inside the 1000 m safety zone) 
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Assessment: This mitigation measure was not necessary in RIMPAC since a 
condition of low visibility, as defined by the measure, was never encountered.  In 
other words, at night lookouts were still able to monitor out to the limits of the 
safety zone.  This mitigation measure has the potential to directly affect training and 
therefore the effectiveness of the military readiness activity.  

Operational Impact of this mitigation measure:
This measure would preclude use of a sensor when tactically required and significantly 
affects the military readiness activity.  Navy must be allowed to operate MFAS at night 
and in heavy seas using the full potential of sonar as a sensor.

There is no “enhanced passive acoustic detection” – Navy ships continuously use every 
passive device available, and the state of technology for detecting marine mammals 
passively is rudimentary at best. 

Recommendation
This procedure has the potential to directly affect the military readiness activity.  
Recommend it not be incorporated in future authorizations or modified as to avoid 
impacting training realism in low visibility conditions.

Measure (i) 
This measure reads: 

(i) Helicopters shall observe/survey the vicinity of an ASW exercise for 10 
minutes before deploying active (dipping) sonar in the water.  Helicopters shall 
not dip their sonar within 200 yards of a marine mammal and shall cease pinging 
if a marine mammal closes within 200 yards after pinging has begun. 

Assessment: This measure is part of Navy’s SOPs. 

Operational Impact of this mitigation measure:
None.

Recommendation
Continue as standard Navy protective measures. 

Measure (j) 
This measure reads: 

(j) The Navy will operate sonar at the lowest practicable level, not to 
exceed 235 dB, except for occasional short periods of time to meet tactical 
training objectives. 

Assessment: This measure is part of Navy’s SOPs. 

Operational Impact of this mitigation measure:
None.
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Recommendation
Continue as standard Navy protective measures. 

Measure (k) 
This measure reads: 

(k) With the exception of three specific choke-point exercises (special 
measures outlined in item (m)), the Navy will not conduct sonar activities in 
constricted channels or canyon-like areas. 

Assessment: This mitigation measure could not be precisely implemented, 
significantly impacts military readiness, has no scientific basis for implementation in 
the Hawaiian Islands, and provided no observable protection to marine mammals 
during this exercise.

Operational Impact of this mitigation measure:
Restricting Navy operations in choke-points are contrary to ASW training requirements.  
This measure limits the ability to train realistically in the known diesel submarine threat 
environment and directly impacts a vital military readiness activity.   

This prohibition against MFAS use in “constricted channels or canyon-like areas” could 
not be precisely implemented or uniformly enforced because there were no defining 
metrics.  The terms “constricted channels or canyon-like areas” have no meaning within 
the Navy or in maritime communities and were not defined by the IHA.  Additionally, 
there is no scientific basis for a determination that such vaguely defined bathymetric 
features tend to concentrate marine mammals and/or have a greater potential to effect 
marine mammals, and therefore warrant prohibitive measures.   

RIMPAC 2006 completed three monitored choke-point events with observations before, 
during, and after the events.  There was no indication of any marine mammal impacts 
from the Navy monitors or from the non-governmental civilian monitors who were out in 
small vessels off Kauai and Hawaii Island during these events. 

There is no data for the Pacific indicating the need for the precautionary prohibition 
against choke-point exercises, “constricted channels”, or “canyon-like areas”.  There 
have been 19 previous RIMPAC exercises and numerous JTFEX, USWEX and 
COMTUEX exercises in SOCAL and Hawaii involving choke-point exercises that have 
occurred over many years without an indication of effect on any marine mammals. 

Recommendation
This procedure had no observable effect on the protection of mammals during this 
exercise.  Recommend future authorizations contain better definition of bathymetric 
features of concern and that the features of concern are based on definitive evidence of 
increased risk to marine mammals.  
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Measure (l) 
This measure reads: 

(l) With the exception of three specific “choke-point” exercises (special 
measures outlined in item (m)), the Navy will not operate mid-frequency sonar 
within 25 km of the 200 m isobath.

Assessment: This is no scientific basis indicating this measure is warranted in the 
Pacific and no basis for the specific metrics (25 km of the 200 m isobath).  In 
addition, there are no standard US nautical charts depicting depths in meters 
making this a difficult measure to implement in the field.  This measure significantly 
impacts military readiness. 

Operational Impact of this mitigation measure:
During RIMPAC this measure precluded active ASW training in the littoral region, 
which significantly impacted realism and training effectiveness.  Prohibitions against 
operating in littoral areas are contrary to ASW training requirements.  This measure 
affects the ability to train realistically in the known diesel submarine threat environment 
and directly impacts vital military readiness activity.  (Note: Any reference to isobath 
curves should be in fathoms vice meters.  There are no approved NOAA nautical charts 
that provide for a 200m isobath.) 

Recommendation
This procedure had no observable effect on the protection of mammals during this 
exercise and therefore its value is uncertain.  Its effect on realistic training is, however, 
clear and significant.  The areas prohibited by this measure are the very ones where 
training against quiet submarines is most important.  With respect to the presence of 
marine mammals, there is no scientific basis for the metrics particular to the 200 m 
isobath nor the 25 km distance from the 200 m isobath.  In addition, the lengthy history 
of sonar use in the Hawaiian Islands and SOCAL without any strandings or apparent 
effect on marine mammals argues that this measure is unnecessary.  Recommend it not be 
included in future authorizations.

Measure (m) 
This measure deals with “choke-point” events, contains various subparts, and reads: 

(m) The Navy will conduct no more than three “choke-point” exercises.  
These exercises will occur in the Kaulakahi Channel (between Kauai and Niihau) 
and the Alenuihaha Channel (between Maui and Hawaii).  These exercises fall 
outside of the requirements listed above in (k) and (l), i.e., to avoid canyon-like 
areas and to operate sonar farther than 25 km from the 200 m isobath.  The 
additional measures required for these three choke-point exercises are as follows: 

Assessment:  This measure is not a mitigation and therefore requires no assessment. 

Measure (m) Part (i) 
This part of measure (m) reads: 

22F-



21

(i) The Navy will provide NMFS (Stranding Coordinator and Protected 
Resources, Headquarters) and the Hawaii marine patrol with information 
regarding the time and place for the choke-point exercises 24 hours in advance of 
the exercises. 

Assessment:  This measure is a monitoring effort vice a mitigation and does not 
provide additional protection to marine mammals.

Operational Impact of this mitigation measure:
Notification to NMFS did not meet the “24 hours in advance” requirement for several 
reasons.  Since choke-point events are scheduled to occur within a range of time, such as 
within a 24 hour period, the exercise participants could not provide specific times for 
when the choke-point transit would begin. The actual transit of the channel occurred 
based on the on-scene Commander's read of the tactical situation as it developed over the 
course of many hours.  To address this issue during RIMPAC 2006, and in coordination 
with NMFS Pacific Islands Regional Office, NMFS was kept apprised of the timeframe 
as it became available.

Recommendation
The coordination with stranding offices and Navy’s cooperation with NMFS in the event 
of a stranding are established procedures and should not be confused with mitigation 
measures mandated for a specific exercise.  In addition, the emphasis on monitoring for 
strandings during naval exercises has the potential to perpetuate unsubstantiated 
correlations of strandings as being caused by MFAS use.  If a comprehensive marine 
mammal monitoring program is warranted, it should be pursued by NMFS through 
implementation of statistically based monitoring protocols and a research and sampling 
design that objectively assesses stranding occurrence across all potential causal factors, 
resulting in a baseline understanding of strandings for a given region.

Note: There is no “Hawaii marine patrol” and as a result, this component of the 
mitigation requirement could not be implemented.    

Measure (m) Part (ii) 
This part of measure (m) reads: 

 (ii) The Navy will have at least one dedicated Navy marine mammal 
observer who has received the NMFS-approved training mentioned above in (a), on 
board each ship and conducting observations during the operation of mid-frequency 
tactical sonar during the choke-point exercises.  The Navy has also authorized the 
presence of two experienced marine mammal observers (non-Navy personnel) to embark 
on Navy ships for observation during the exercise. 

Assessment: The first component of this measure duplicates standard Navy training 
requirements and is unnecessary.  The “experienced marine mammal observers 
(non-Navy personnel)” detected no marine mammals during the time they were 
embarked and therefore provided no additional capability or protection to marine 
mammals during this exercise.   
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Operational Impact of this mitigation measure:
None for this exercise, however, it is usually not feasible to provide transportation, 
berthing, and manning for non-navy personnel aboard exercise vessels.  In some cases, 
inclusion of these observers would result in the inability to accommodate essential Navy 
personnel associated with the exercise such as trainers and data collection personnel.

The requirement for a “dedicated Navy marine mammal observer” indicates  a 
fundamental misunderstanding of Navy practices.  This measure duplicates the watch 
standing requirements inherent in measures (a) and (b), because all lookouts have been 
trained to be “dedicated Navy marine mammal observers”.  Any marine mammals 
detected are reported to the OOD as required under normal procedures, regardless of 
whether the ship is conducting a choke point transit. 

NMFS embarked two observers on 19 July to the CVN during one of the Kaulakahi 
choke-point events, because this served as a superb viewing platform in the approximate 
center of ASW operations.  These observers detected no marine mammals, and therefore  
provided no additional value as a mitigation measure during this exercise.  As discussed 
under measures (a) and (b), Navy spotters receive sufficient training to undertake the 
required tasks.  Use of Navy lookouts is the most effective means to ensure quick and 
effective communication within the command structure and facilitate implementation of 
protective measures if marine species are spotted. 

Recommendation
Navy lookouts have the skills and training to detect marine mammals without 
augmentation by additional non-navy observers onboard ships.  Additional non-navy 
observers have the potential to adversely impact an exercise, and did not appear to 
improve marine mammal detection cabability during RIMPAC.  Recommend this 
measure not be included in future authorizations. 

Measure (m) Part (iii) 
This part of measure (m) reads:

(iii) Prior to start up or restart of sonar, the Navy will ensure that a 2000 
m radius around the sound source is clear of marine mammals. 

Assessment:  This is unnecessary given that the safety zones established in Measure 
(f) already provide adequate protection. 

Operational Impact of this mitigation measure:
None.

Conclusion
This measure is inconsistent with the provisions required in Measure ((f); Safety Zones).
Recommend it not be included in future authorizations. 
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Measure (m) Part (iv) 
This part of measure (m) reads: 

(iv) The Navy will coordinate a focused monitoring effort around the 
choke-point exercises, to include pre-exercise monitoring (2 hours), during-
exercise monitoring, and post-exercise monitoring (1-2 days).  This monitoring 
effort will include at least one dedicated aircraft or one dedicated vessel for real-
time monitoring from the pre- through post-monitoring time period, except at 
night.  The vessel or airplane may be operated by either dedicated Navy 
personnel, or non-Navy scientists contracted by the Navy, who will be in regular 
communication with a Tactical Officer with the authority to shut-down, power-
down, or delay the start-up of sonar operations.  These monitors will 
communicate with this Officer to ensure the 2000 m safety zone is clear prior to 
sonar start-up, to recommend power-down and shut-down during the exercise, 
and to extensively search for potentially injured or stranding animals in the area 
and down-current of the area post-exercise. 

Assessment:  This measure is relatively costly and did not result in any marine 
mammal sightings requiring MFAS source reduction or shutdown. 

Operational Impact of this mitigation measure:
The time and money spent to provide this mitigation measure appeared to provide no 
additional protection to marine mammals. 

Observations
The monitoring efforts consisted of shore-based observers, aerial surveys and the routine 
patrols of Torpedo Recovery Boats.  Though these surveys spotted numerous marine 
mammals, none of the mammal detected were in the vicinity of exercise participants or 
provided protection from exercise MFAS.  For marine mammals detected before the 
event, there was no way to determine if they were likely to move into or out of an 
exercise that was miles from a given observation/detection location.

The capability of sighting marine mammals from both surface and aerial platforms 
participating in the exercise provides excellent survey capabilities using the Navy’s 
existing exercise assets.  Six of the 29 marine mammal detections were made by Navy 
aerial assets participating in the RIMPAC exercise.   

Given the vast distances involved, it was impossible to ensure a 2000 m safety zone was 
clear of every single participant by these additional monitors.  The monitors could not 
recommend power-down or shut-down during the exercise because the focus of their 
efforts was so dispersed.

Although monitors did serve to extensively search for potentially injured or stranded 
animals in the area they were assigned to observe, none were detected and the value 
provided by this time consuming and expensive search is questionable. 
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Other comments on this measure: The provision for searching “down-current of the area 
post-exercise” fails to recognize that an exercise area may involve many hundreds of 
square miles of ocean with variable currents.   

Shore-based monitors’ observations: Resident groups of spinner dolphins nearshore at 
Kekaha, Kauai on five consecutive mornings before, during, and after two choke point 
exercises taking place in the Kaulakahi Channel.  Three days of shore-based observation 
from the Kohala Coast of Hawaii Island occurred around a choke-point exercise taking 
place in the Alenuihaha Channel.  A pod of bottlenose dolphins was observed feeding 
nearshore a few hours apart on the first day of observation.  Over the eight days of shore-
based observation, there were no unusual behaviors exhibited by these animals.   

Aerial survey observations:  Aerial surveys covered these same channels over six days 
(18 hours).  This aerial survey effort was generally hampered by rough sea state 
conditions.  Two days of aerial survey had to be cancelled due to safety requirements 
concerning the use of unmanned drones and weapon firing on the range at PMRF on 
those days.  There were a total of 13 sightings of marine mammals over the six days with 
no unusual behavior or activity observed.

Finally, of note, the aerial surveys conducted around the time of the choke point exercises 
showed that “the densities of marine mammal species reported here is identical with that 
normally seen for the Hawaiian Islands, albeit at different times of the year.”  Therefore, 
although some 30-40 ships conducted a wide ranging exercise over more than three 
weeks and employed MFA sonar extensively, marine mammal densities remained stable, 
and observers detected no unusual behavior in the marine mammals they saw. 

Recommendation
This procedure is a monitoring measure vice a mitigation measure and had no 
demonstrable impact on the protection of mammals during RIMPAC.  Due to the 
experience of Navy aircrews and their sensitivity to detecting marine mammals, as well 
as the cost involved in contracting these services, recommend that for future 
authorizations, only Navy assets be considered for increased monitoring, and then only 
when required in the aggregations of conditions which show the most potential for risk to 
marine mammals. 

Measure (m) Part (v) 
This part of measure (m) reads: 

(v) The Navy will further contract an experienced cetacean researcher to 
conduct  systematic aerial reconnaissance surveys and observations before, 
during, and after the choke-point exercises with the intent of closely examining 
local populations of marine mammals during the RIMPAC exercise. 

Assessment: This measure duplicates measure (m)(iv) and provides no additional 
protection for marine mammals. 
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Operational Impact of this mitigation measure:
None.  However, the money spent to provide this mitigation measure provided no 
observable protection to marine mammals during this exercise and cannot be resourced 
for routine Navy’s exercises. 

Conclusion
The contracted “experienced cetacean researcher” did not spot any marine mammals in 
the vicinity of the exercise.  Recommend this measure not be included in future 
authorizations.

Measure (m) Part (vi) and (vii)
These parts of measure (m) reads: 

(vi) Along the Kaulakahi Channel (between Kauai and Niihau), shoreline 
reconnaissance and nearshore observations will be undertaken by a team of 
observers located at Kekaha (the approximate mid point of the Channel).  
Additional observations will be made on a daily basis by range vessels while 
enroute from Port Allen to the range at PMRF (a distance of approximately 16 
nmi) and upon their return at the end of each day's activities.  Finally, 
surveillance of the beach shoreline and nearshore waters bounding PMRF will 
occur randomly around the clock a minimum four times in each 24 hour period.      

(vii) In the Alenuihaha Channel (between Maui and Hawaii), the Navy will 
conduct shoreline reconnaissance and nearshore observations by a team of 
observers rotating between Mahukona and Lapakahi before, during, and after the 
exercise.

Assessment:  This measure does not appear to provide additional protection for 
marine mammals and is unnecessary. 

Operational Impact of this mitigation measure:
None.  However, the personnel resources spent to provide this mitigation measure 
provided no demonstrable protection to marine mammals during this exercise and cannot 
be routinely resourced for Navy’s exercises. 

Conclusion
This procedure did not result in any effective mitigation during RIMPAC.  Tasking 
personnel to observe a portion of the shoreline during a choke-point as a monitoring 
measure has no scientific basis (no research questions, research design, or sampling 
approach).
Although the shore based observers saw marine mammals and sea turtles, and these 
observations were reported to the RIMPAC Battle Watch as required, the observed 
marine species were miles from any exercise events and hours before the choke-point 
transits began.  These observations were of no utility as a mitigation measure.  
Recommend this measure not be included in future authorizations.
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Measure (n)
This measure reads: 

(n) The Navy will continue to coordinate with NMFS on the 
"Communications and Response Protocol for Stranded Marine Mammal Events 
During Navy Operations in the Pacific Islands Region" that is currently under 
preparation by NMFS PIRO to facilitate communication during RIMPAC.  The 
Navy will coordinate with the NMFS Stranding Coordinator for any unusual 
marine mammal behavior, including stranding, beached live or dead cetacean(s), 
floating marine mammals, or out-of-habitat/milling live cetaceans that may occur 
at any time during or shortly after RIMPAC activities.  After RIMPAC, NMFS and 
the Navy (CPF) will prepare a coordinated report on the practicality and 
effectiveness of the protocol that will be provided to Navy/NMFS leadership. 

Assessment: This measure documents what is standard procedure.

Operational Impact of this mitigation measure:
None.

Recommendation
This requirement documents Navy’s standard procedure.   

SECTION 2 SUMMARY 
During RIMPAC 06, there were 472 total hours of mid-frequency active sonar (MFAS) 
use.  There were no reported observations of behavioral disturbance of marine mammals 
during the exercise.  The Navy’s previously developed and used mitigation measures 
from PMAP, as modified for RIMPAC 06, appeared to be effective in protecting marine 
mammals observed near exercise ships.  Mitigation measures agreed to for issuance of 
the IHA that went beyond standard Navy measures had no observable effect on 
protection of marine mammals in this exercise, and their application unnecessarily 
increased the cost of the exercise or had a negative effect on the fidelity of training. 

As the first major exercise for which Navy applied for an authorization under MMPA, 
RIMPAC ’06 presented unique challenges from the perspective of regulatory 
requirements and public perception.  We anticipate that future authorizations for 
exercises and operating area coverage will recognize the differences in those areas as 
well as how developing science will inform our understanding of the role of mitigation 
measures.   
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SECTION 3: Monitoring Results 

The IHA requires this report contain, “Results of the marine species monitoring (real-
time monitoring from all platforms, independent aerial monitoring, shore-based 
monitoring at chokepoints, etc.) before, during, and after the RIMPAC exercises”.  This 
section of the report, therefore, provides a summary of the detections of marine species 
from all exercise participants, the aerial reconnaissance survey, and shore-based 
monitoring efforts associated with the RIMPAC 06 exercise. 

Figure 2.  Location of marine mammals sighted by exercise participants depicted in red.
Locations with multiple sightings are depicted by a single box.  The line of longitude 
shown is 160  West and the latitude is 20  North.

Figure 2 depicts the approximate location of marine mammals that were sighted by 
exercise participants.  This is a skewed sample since there were no attempts made to 
detect marine mammals by other means in areas not being used by exercise participants.  
In addition to these sightings, marine species detections occurred as a result of two other 
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IHA mandated measures consisting of an aerial reconnaissance effort and shore-based 
monitors.

As noted previously, the additional monitoring requirements consisting of aerial and 
shipboard monitoring, and shore-based observations before, during, and after choke-point 
events.  These monitoring efforts were required by NMFS as a sampling strategy to 
determine if there was any observable effect on marine mammals during ASW training 
events taking place in the channels between two sets of islands.  These measures arose 
from a precautionary concern that MFAS use in the channels could possibly have greater 
potential to impact marine mammals, despite the lack of evidence suggestive of any 
problems in this regard from any of the previous 19 RIMPAC exercises.  The cost to 
implement these monitoring requirements was approximately $66,000 for RIMPAC 06 

A separate report providing details from the shore-based monitors’ observations is 
presented in Appendix B and summarized here.  These shore-based observations took 
place centered on two channels between the islands.  The first of these monitoring efforts 
took place at Kekaha on Kauai.  This is the approximate mid point along the Kaulakahi 
Channel between Kauai and Niihau, and spanned five consecutive days before, during, 
and after two choke point exercises taking place in that channel.  Each morning of the 
five days, a pod of spinner dolphins were present 300-400 meters offshore.  There were 
no unusual or abnormal behaviors observed.  Sea turtles were also observed on two days.

Additional observations made on a daily basis by range vessels while enroute from Port 
Allen through the channel to the range at PMRF and surveillance of the beach shoreline 
and nearshore waters bounding PMRF did not result in any marine mammal detections.    

Shore-based observation also took place on the Kohala Coast of Hawaii Island for three 
full days occurred around a choke-point exercise taking place in the Alenuihaha Channel 
between Hawaii Island and Maui.  A pod of bottlenose dolphins was observed feeding 
during the first day of observation.  There were no unusual or abnormal behaviors 
observed.  Sea turtles were also observed on two days.   

Aerial surveys covered these same channels over six days (approximately 18 hours flight 
time) as detailed in Appendix C.  This aerial survey effort was generally hampered by 
rough sea state conditions.  Two days of aerial survey had to be cancelled due to safety 
requirements concerning the use of unmanned drones and weapon firing on the range at 
PMRF on those days.  There were a total of 13 sightings of marine mammals over the six 
days with no unusual behavior or activity observed.

Navy also authorized the presence of two experienced marine mammal observers (non-
Navy personnel) to embark on a Navy ship for observation during a choke-point exercise.
NMFS did not have any marine mammal observers available and alternatively embarked 
two Fisheries Program observers on 19 July to an available CVN during one of the 
Kaulakahi choke-point events.  This ship was chosen since it served as a superb viewing 
platform with a large height of eye and unobstructed visibility in the approximate center 
of ASW operations.  These observers detected no marine mammals.   
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In summary, there were 13 sightings of marine mammals from the air over approximately 
18 hours of flight time.  Shore based observation for 80 hours of effort by two people 
produced five sightings of a resident pod of spinner dolphins over five consecutive days 
on Kauai and a pod of bottlenose dolphins offshore of Hawaii Island.  The results of these 
monitoring efforts provided no evidence of indicating there were any effects on the 
detected marine mammals as a result of the ASW exercises, which took place in the 
adjacent channels.     
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SECTION 4: Sonar Usage and Marine Mammals 

The IHA requires that this report contain, "As much information (unclassified and, to 
appropriately cleared recipients, classified “secret”) as the Navy can provide including, 
but not limited to, where and when sonar was used (including sources not considered in 
take estimates, such as submarine and aircraft sonars) in relation to any measures 
received levels (such as sonobuoys or on PMRF range), source levels, numbers of 
sources, and frequencies so it can be coordinated with observed cetacean behaviors."  
Section 4 of the report provides information on the location and hours of active MFAS 
used during RIMPAC 06.  The IHA also required as much data as could be provided on 
measured received levels, source levels, numbers of sources and frequencies so it could 
be coordinated with observed cetacean behaviors.  Typically, there are no measurements 
(calibrated or otherwise) of actual sound levels made during an exercise and none were 
made during RIMPAC 06.  Source levels, numbers of sources, and frequencies are 
classified since that information would provide potential adversaries with important 
tactical data. The observance of marine mammals by Navy assets only occurred as very 
brief encounters given the mitigation measures are designed to limit interaction to a 
minimum.   

Observations of marine species and their behaviors resulting from the aerial 
reconnaissance and shore-based monitoring (as previously detailed in Section 3) observed 
no unusual behaviors for coordination with MFAS use.  There were no indications from 
the observations that the presence of exercise participants had any affect on any marine 
mammals.  

The requirement to report where and when sonar was used so it can be coordinated with 
observed cetacean behaviors can not be completed since no animals were observed doing 
anything unusual or behaving in any overt manner.  Information presented previously in 
Table 1 provides a list of instances when marine mammals were detected and sonar was 
being used.

As noted previously, during RIMPAC 06, there were 199 anti-submarine warfare (ASW) 
events and 472 total hours of hull mounted MFAS.  This was less than the anticipated 
number of hours (532) presented in the RIMPAC 2006 Supplemental Environmental 
Assessment as a result of a temporary restraining order (TRO) restricting the use of 
MFAS arising from a lawsuit (NRDC v. Winter) in effect for the first days of the 
exercise.  During the period of this TRO, three days of scheduled MFAS training (25 
events) were lost including 4 live fire events, 14 P-3 ASW events, and 7 surface ASW 
events.

In addition to the 472 hours of hull mounted MFAS use, there were approximately 115 
hours of operations involving both passive DIFAR and active DICASS sonobuoys 
reported for RIMPAC 06.  This quantity of operational hours does not equate to 115 
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hours of active sonar use since only approximately 10% of the sonobuoys expended4

were active DICASS and they are commanded to transmit an active ping only as required 
by the tactical situation.   In short, an individual DICASS sonobuoy, even though 
deployed, may never be activated during an event.  In other instances, DICASS buoys are 
not deployed until a possible contact is identified and the need to localize the target 
arises.  There is no standard data collection reporting that would serve as a means to 
determine how much actual active sonar time resulted from DICASS sonobuoy use 
during RIMPAC.

Finally, there were approximately 45 hours of operations involving the use of dipping 
sonars deployed from helicopters.  Similar to the case for sonobuoys, there is no standard 
data collection reporting that would serve as a means to determine how much actual 
active sonar time resulted from this number of hours of dipping sonar operation.  During 
RIMPAC, dipping sonars were not in a search capacity but instead used for localization 
or confirmation of suspected contacts.  In can be estimated that in this capacity dipping 
sonars, which are used very briefly (2-5 pulses a few hundred msec in duration) 
approximately every 10 minutes, would have resulted in approximately 11-12 minutes of 
active sonar over a 20 day period spread across the RIMPAC exercise area.    

4 There were 2,713 passive and 292 active sonobuoys expended in RMPAC 06.      
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Appendix (A)

PROPOSED MITIGATION MEASURES FOR MFAS
DURING MAJOR ASW EXERCISES

I.  General Maritime Protective Measures:  Personnel Training: 

1. All lookouts onboard platforms involved in ASW training events will review the 
NMFS approved Marine Species Awareness Training (MSAT) material prior to 
MFAS use.

2. All Commanding Officers, Executive Officers, and officers standing watch on the 
Bridge will have reviewed the MSAT material prior to a training event employing 
the use of MFAS. 

3. Navy lookouts will undertake extensive training in order to qualify as a 
watchstander in accordance with the Lookout Training Handbook (NAVEDTRA 
12968-B).

4. Lookout training will include on-the-job instruction under the supervision of a 
qualified, experienced watchstander.  Following successful completion of this 
supervised training period, Lookouts will complete the Personal Qualification 
Standard program, certifying that they have demonstrated the necessary skills 
(such as detection and reporting of partially submerged objects).  This does not 
forbid personnel being trained as lookouts counted as those listed in previous 
measures so long as supervisors monitor their progress and performance.      

5. Lookouts will be trained in the most effective means to ensure quick and effective 
communication within the command structure in order to facilitate 
implementation of protective measures if marine species are spotted.

II. General Maritime Protective Measures:  Lookout and Watchstander Responsibilities: 

6. On the bridge of surface ships, there will always be at least three people on watch 
whose duties include observing the water surface around the vessel.

7. All surface ships participating in ASW exercises will, in addition to the three 
personnel on watch noted previously, have at all times during the exercise at least 
two additional personnel on watch as lookouts.

8. Personnel on lookout and officers on watch on the bridge will have at least one set 
of binoculars available for each person to aid in the detection of marine mammals.   

9. On surface vessels equipped with MFAS, pedestal mounted “Big Eye” (20x110) 
binoculars will be present and in good working order to assist in the detection of 
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marine mammals in the vicinity of the vessel.

10. Personnel on lookout will employ visual search procedures employing a scanning 
methodology in accordance with the Lookout Training Handbook (NAVEDTRA 
12968-B).

11. After sunset and prior to sunrise, lookouts will employ Night Lookouts 
Techniques in accordance with the Lookout Training Handbook. 

12. Personnel on lookout will be responsible for reporting all objects or anomalies 
sighted in the water (regardless of the distance from the vessel) to the Officer of 
the Deck, since any object or disturbance (e.g., trash, periscope, surface 
disturbance, discoloration) in the water may be indicative of a threat to the vessel 
and its crew or indicative of a marine species that may need to be avoided as 
warranted.

III. Operating Procedures  

13. A Letter of Instruction, Mitigation Measures Message or Environmental Annex to 
the Operational Order will be issued prior to the exercise to further disseminate 
the personnel training requirement and general marine mammal protective 
measures.  

14. Commanding Officers will make use of marine species detection cues and 
information to limit interaction with marine species to the maximum extent 
possible consistent with safety of the ship.

15. All personnel engaged in passive acoustic sonar operation (including aircraft, 
surface ships, or submarines) will monitor for marine mammal vocalizations and 
report the detection of any marine mammal to the appropriate watch station for 
dissemination and appropriate action.     

16. During MFAS operations, personnel will utilize all available sensor and optical 
systems (such as Night Vision Goggles to aid in the detection of marine 
mammals. 

17. Navy aircraft participating in exercises at sea will conduct and maintain, when 
operationally feasible and safe, surveillance for marine species of concern as long 
as it does not violate safety constraints or interfere with the accomplishment of 
primary operational duties.   

18. Aircraft with deployed sonobuoys will use only the passive capability of 
sonobuoys when marine mammals are detected within 200 yards of the sonobuoy.

19. Marine mammal detections will be immediately reported to assigned Aircraft 
Control Unit for further dissemination to ships in the vicinity of the marine 
species as appropriate where it is reasonable to conclude that the course of the 
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ship will likely result in a closing of the distance to the detected marine mammal. 

20. Safety Zones  -  When marine mammals are detected by any means (aircraft, 
shipboard lookout, or acoustically) within 1,000 yards of the sonar dome (the 
bow), the ship or submarine will limit active transmission levels to at least 6 dB 
below normal operating levels.

(i) Ships and submarines will continue to limit maximum transmission levels by 
this 6-dB factor until the animal has been seen to leave the area, has not been 
detected for 30 minutes, or the vessel has transited more than 1,000 yards beyond 
the location of the last detection.

(ii) Should a marine mammal be detected within or closing to inside 500 yards of 
the sonar dome, active sonar transmissions will be limited to at least 10 dB below 
the equipment's normal operating level.  Ships and submarines will continue to 
limit maximum ping levels by this 10-dB factor until the animal has been seen to 
leave the area, has not been detected for 30 minutes, or the vessel has transited 
more than 1,000 yards beyond the location of the last detection. 

(iii) Should the marine mammal be detected within or closing to inside 200 yards 
of the sonar dome, active sonar transmissions will cease.  Sonar will not resume 
until the animal has been seen to leave the area, has not been detected for 30 
minutes, or the vessel has transited more than 1,000 yards beyond the location of 
the last detection. 

(iv) Special conditions applicable for dolphins and porpoises only:  If, after 
conducting an initial maneuver to avoid close quarters with dolphins or porpoises, 
the Officer of the Deck concludes that dolphins or porpoises are deliberately 
closing to ride the vessel's bow wave, no further mitigation actions are necessary 
while the dolphins or porpoises continue to exhibit bow wave riding behavior.

(v) If the need for power-down should arise as detailed in “Safety Zones” above,
Navy shall follow the requirements as though they were operating at 235 dB - the 
normal operating level (i.e., the first power-down will be to 229 dB, regardless of 
at what level above 235 sonar was being operated). 

21. Prior to start up or restart of active sonar, operators will check that the Safety 
Zone radius around the sound source is clear of marine mammals. 

22. Sonar levels (generally) - Navy will operate sonar at the lowest practicable level, 
not to exceed 235 dB, except as required to meet tactical training objectives. 

23. Helicopters shall observe/survey the vicinity of an ASW exercise for 10 minutes 
before the first deployment of active (dipping) sonar in the water. 

24. Helicopters shall not dip their sonar within 200 yards of a marine mammal and 
shall cease pinging if a marine mammal closes within 200 yards after pinging has 
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begun.

25. Submarine sonar operators will review detection indicators of close-aboard 
marine mammals prior to the commencement of ASW operations involving active 
mid-frequency sonar.

26. Increased vigilance during major ASW training exercises with tactical active 
sonar when critical conditions are present. 

Navy should avoid planning major ASW training exercises with MFAS in areas 
where they will encounter conditions which, in their aggregate, may contribute to 
a marine mammal stranding event. Of particular concern are beaked whales, for 
which strandings have been associated, in theory, with MFAS operations.

The conditions to be considered during exercise planning include:

(1) Areas of at least 1000 m depth near a shoreline where there is a rapid 
change in bathymetry on the order of 1000-6000 meters occurring across a 
relatively short horizontal distance (e.g., 5 nm).   

(2)  Cases for which multiple ships or submarines (  3) operating MFAS 
in the same area over extended periods of time (  6 hours) in close proximity (
10NM apart).
 (3) An area surrounded by land masses, separated by less than 35 nm and 
at least 10 nm in length, or an embayment, wherein operations involving multiple 
ships/subs (  3) employing MFAS near land may produce sound directed toward 
the channel or embayment that may cut off the lines of egress for marine 
mammals.   

(4) Though not as dominant a condition as bathymetric features, the 
historical presence of a strong surface duct (i.e. a mixed layer of constant water 
temperature extending from the sea surface to 100 or more feet).  

If the major exercise must occur in an area where the above conditions exist in 
their aggregate, these conditions must be fully analyzed in environmental 
planning documentation.  Navy will increase vigilance by undertaking the 
following additional protective measure:  
A dedicated aircraft (Navy asset or contracted aircraft) will undertake 
reconnaissance of the embayment or channel ahead of the exercise participants to 
detect marine mammals that may be in the area exposed to active sonar.  All 
safety zone power down requirements described above apply.

IV. Coordination and Reporting

27. Navy will coordinate with the local NMFS Stranding Coordinator for any unusual 
marine mammal behavior and any stranding, beached live/dead or floating marine 
mammals that may occur at any time during or within 24 hours after completion 
of mid-frequency active sonar use associated with ASW training activities. 
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28. Navy will submit a report to the Office of Protected Resources, NMFS, within 
120 days of the completion of a Major Exercise.  This report must contain a 
discussion of the nature of the effects, if observed, based on both modeled results 
of real-time events and sightings of marine mammals. 

29. If a stranding occurs during an ASW exercise, NMFS and Navy will coordinate to 
determine if MFAS should be temporarily discontinued while the facts 
surrounding the stranding are collected.
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Appendix (B) 

RIMPAC 2006 
NEARSHORE MONITORING  

FIELD REPORT 

JULY 2006 

Prepared by: 
Naval Facilities Engineering Command, Pacific 

Environmental Planning Division 
258 Makalapa Drive, Ste. 100 

Pearl Harbor, HI  96860 
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INTRODUCTION

In support of RIMPAC 2006, nearshore monitoring for marine mammals and sea turtles 
was conducted during July 16-20 from Kekaha Beach, Kauai, Hawaii and July 24-26 
from Mahukona and Kapa`a Beach Park, Kohala Coast, Hawaii. The locations were 
chosen based upon their proximity to the Kalaukahi (between Kauai and Ni`ihau) and 
Alanuihaha (between Hawaii and Maui) Channels.   The purpose of the monitoring was 
to 1) provide the Navy ships with information on species in the nearshore waters, 2) 
provide observations of marine mammal behavior before, during and after swept-channel 
(choke point) exercises, and 3) to monitor the beach and nearshore waters for marine 
species exhibiting abnormal behavior (offshore animals nearshore, congregations of 
offshore animals, strandings, etc).  

METHODS 

Shore-based monitoring was conducted from 0700 to 1830 hours with two observers 
using hand-held 10x42 binoculars and un-aided eye.  Monitoring schedule corresponds to 
one day before and after each planned swept-channel exercise, two in the Kalaukahi 
channel and one in the Alanuihaha Channel.  All observations were conducted by one 
experienced Navy marine mammal observer and one field assistant. 

Kekaha Beach observations were conducted essentially at sea level.  The sandy beach 
allowed for observers to walk the length of the beach north to the PMRF, Barking Sands 
Boundary and south to the end of Kehaka Beach (3 miles).   Walks were conducted 
between two and four times per day.  One observer would remain on station (near the 
lifeguard tower) as the other walked up the beach.  The horizon from sea level is a 
distance of approximately 5 km. 

Observations were conducted from Mahukona on July 23rd from 0700 to 1200 hours, but 
Kapa`a Beach Park was chosen for the rest of the 2.5 days since it offered a better view 
of the Alanuihaha Channel.  Kapa`a Beach Park is a boulder beach, and observations 
were conducted at approximately 7m above sea level (horizon distance approximately 5 
miles).  A point to the north of the beach park resulted in a consistently lower sea state 
close to shore than in the open channel.  On two days, portions of the coastline to the 
north of Kapa`a Beach Park (between Upolu Point and Mo`okini Heiau) was driven using 
a 4x4 vehicle to check the boulder beaches for stranded or distressed animals.  

Data were collected on visibility, Beaufort sea state, marine mammals observed, sea 
turtles observed, and Navy ships/operations observed.  While at Kehaka, data were also 
collected on commercial tour boats that were observed interacting with resident spinner 
dolphins.
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RESULTS 

Table 1 provides daily observation information.  Only two species of marine mammals 
were observed, spinner dolphins (Stenella longitrostris) and bottlenose dolphins 
(Tursiops aduncus).  Both are typically nearshore species.  Two species of sea turtles 
were observed – green (Chelonia mydas) and leatherback (Dermochelys coriacea).    All 
were observed exhibiting normal behaviors. 

The following is provided as a summary of marine mammals and sea turtles observed 
during the two nearshore monitoring periods.  

Kekaha:

16 July 2006:  A school of approximately 100 spinner dolphins (Stenella longirostris) are 
observed approximately 300m offshore (0747 hrs).  Animals are slowly heading south 
and are being followed by a catamaran.  When first vessel leaves, a series of RHIBs and 
catamarans stop and follow animals, one after the other.  Animals are last seen at 0826 
hrs approximately 0.5 miles offshore.  Behavior overall is slow travel to south, with 
several spins.  This is largest group that was seen during the five day period. 

16 July 2006:  A turtle (presumed green) is seen surfacing approximately 100m offshore. 

17 July 2006: A school of approximately fifteen spinner dolphins is observed heading 
slowly south (0830 hrs) being followed by a tour catamaran.  Dolphins are last observed 
at 0910 hrs.  Behavior overall is slow travel to south, with several aerial spins. 

17 July 2006: Green sea turtle is observed approximately 4 m offshore. 

18 July 2006:  A small school of ten to fifteen spinner dolphins are observed 
approximately 0.25 miles offshore, with two tour boats (0835 hrs).  Dolphins are very 
low in the water and would be very difficult to see without boats as “cue”. Dolphins not 
seen after boats leave at 0845 hrs.

19 July 2006:  Unidentified dolphins, cue is splash and idling tour boat, at horizon (0715 
hrs.).

19 July 2006:  Unidentified dolphins (presumed spinners) observed at southwestern 
horizon splashing, heading north (0858 hrs.). 

19 July 2006:  Spinner dolphins observed heading north towards Barking Sands (0922 
hrs.).  They continue to north out of view. 

20 July 2006:  Spinner dolphins observed in resting mode about 400m off southern shore 
of Kekaha Beach.  Group size is approximately 20 animals, and they are milling at 0730 
hrs.  At 0745 hrs, they are traveling slowly to the north towards Barking Sands.  They 
bowride as a boat approaches and follows them.  Dolphins last seen at 0847 hrs. 
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Mahukona:

(0730 hrs to 1300 hrs.) 

24 July 2006:  Leatherback turtle (D. coriacea) observed approximately 300m offshore.  
Turtle is identified as a leatherback based upon very large carapace size (estimated 5-6 ft 
across) and huge rounded head.  Back and head were seen simultaneously at the animal 
breathed.  Turtle was observed at the surface for 1-2 minutes then dove (0759 hrs). 

Kapa`a Beach Park:

24 July 2006:  Group of approximately 20 bottlenose dolphins (Tursiops aduncus) are 
observed, first seen heading southwest (1630 hrs).  A third of the group are calves.
Animals travel steadily to the SW, except stopping to mill for about 3 minutes near a 
group of shearwaters and tuna feeding on bait fish.  Dolphins contour shoreline to the 
south and disappear from view at 1646 hrs.

Bottlenose dolphins reappear from the south, heading west (1725 hrs).  The dolphins are 
much more surface-active during this sighting, porpoising and leaping out of the water.  
At 1749 hrs, after a long dive (5 minutes), they resurface with obvious blows and change 
direction to the southwest and appear to be feeding along the edge of a large aggregation 
of shearwaters, tuna and bait fish. 

25 July 2006:  Small turtle (green?) observed just offshore (0858 hrs). 

26 July 2006:  Small green turtle observed hugging coastline and “riding” the surge (1415 
hrs).

DISCUSSION AND CONCLUSIONS 

All marine mammals and turtles were observed exhibiting normal behavior.  No adverse 
behavior, strandings, or offshore species were observed. 

Land based, stationary monitoring has known deficiencies. The low height of eye above 
water provides a limited distance to the horizon and species identification can be difficult 
as there is no option to approach animals.  However, given the purpose of this project, the 
goals were achieved.  This monitoring gathered adequate data on the lack of behavioral 
change exhibited by resident groups of spinner dolphins at Kekaha, Kauai and Kohala, 
Hawaii.  Additionally, we were able to monitor the length of Kekaha Beach, by foot, for 
stranded or distressed animals.  The Kohala coast presented more of a challenge as it was 
comprised of boulder beaches.  However, a 4x4 vehicle was utilized to access areas to the 
North (towards the channel) from the monitoring station at Kapa`a Beach.   
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Additionally, anecdotal data collected on interactions between commercial tour 
catamarans and RHIBs might prove to be useful to regulatory agencies such as the State 
of Hawaii and National Oceanographic and Atmospheric Association.

TABLE 1 

Date
2006

Location Time 
(24
hr)

Beaufort
Sea State 

Species Observations 

7/16 Kekaha 0700 2  Begin watch. Great visibility, 
overcast skies 

 Kekaha 0747  S.
longirostris

Spinners with catamaran. 
Slowly bowriding on vessel 
(Aladin?). Couple of spins 
seen after cat leaves.  Located 
about 300m offshore, moving 
south. Group size ~100. 

7/16 Kekaha 0750  S.
longirostris

Catamaran leaves dolphins 

7/16 Kekaha 0755  S.
longirostris

RHIB runs up to animals and 
follows them 

7/16 Kekaha 0759  S.
longirostris

RHIB leaves dolphins 

7/16 Kekaha 0809  S.
longirostris

Still heading slowly S 

7/16 Kekaha 0826   Two new RHIBs with S.l., 
about 0.5 mile offshore 

7/16 Kekaha 0850  C. mydas Green turtle seen about 100m 
offshore

7/16 Kekaha 1230 3 Sea state change 
7/16 Kekaha 1430 4 Occasional rain squalls passing 

over
7/16 Kekaha 1600 3 Squalls clear.  Navy ship seen 

on horizon heading from N 
coast to the S 

7/16 Kekaha 1655 2 Sea state change 
7/16 Kekaha 1745   Complete watch 
7/17 Kekaha 0700 3 Begin watch, sunny skies, 

good visibility 
7/17 Kekaha 0745  Two helicopters and 3 Navy 

ships seen on horizon. Helos 
ahead of ships along with three 
small red RHIBs inshore of 
ships

7/17 Kekaha 0815  Three Navy ships seen N of 
Barking Sands and head SW 
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Date
2006

Location Time 
(24
hr)

Beaufort
Sea State 

Species Observations 

through the channel, one right 
after the other.  

7/17 Kekaha 0830  S.
longirostris

Spinners seen bowriding on 
catamaran.  Cat is heading N 
but stops and does u-turn 
through spinners and follows 
them south for ~ 5 min. 

7/17 Kekaha 0835  S.
longirostris

Just as cat leaves dolphins, a 
RHIB goes through them while 
heading N. 

7/17 Kekaha 0850 4 S.
longirostris

Na Pali Kai III catamaran seen 
doing u-turn and following 
dolphins to S.  They stay with 
the dolphins heading S until 
0910 hrs.  Few spins from 
dolphins.
Visibility changes to moderate 
due to higher Beaufort. 

7/17 Kekaha 1015 4  Glare, moderate visibility.  
Have lost sight of dolphins due 
to sea conditions. 

7/17 Kekaha 1053 3=inshore 
4=offshore

 Visibility improves as wind 
dies down.

7/17 Kekaha 1345 4  Sea state change 
7/17 Kekaha 1612 4 C. mydas Turtle seen at surface about 4 

m offshore. 
7/17 Kekaha 1830    Complete watch 
7/18 Kekaha 0700 1  Begin watch 
7/18 Kekaha 0835  S.

longirostris
Small group of spinners (~15 
animals) observed ~.25 miles 
offshore.  One RHIB and one 
cat stop with dolphins and 
proceed slowly through them.   

7/18 Kekaha 0845  S.
longirostris

Boats leave dolphins and head 
N

7/18 Kekaha    Catamaran seen stopping ~ 0.5 
miles offshore towards N. 
Can’t see dolphins but assume 
that is why they are stopping. 

7/18 Kekaha 1005 3  Still sunny… 
7/18 Kekaha 1700   Cruise ship comes from N, 

heads through channel and 
continues to the S over horizon 
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Date
2006

Location Time 
(24
hr)

Beaufort
Sea State 

Species Observations 

7/18 Kekaha 1830   Complete watch 
7/19 Kekaha 0700 1  Begin watch, swell 2-3 ft. 
7/19 Kekaha 0715  Unidentified 

dolphin
Catamaran and two RHIBs are 
stopped on horizon.  Appear to 
be slowly following marine 
mammals, but other than one 
splash, I cannot identify them 
to species. 

7/19 Kekaha 0858  Unidentified 
dolphin

School of dolphins (presumed 
spinners) seen at SW horizon, 
splashing, heading N 

7/19 Kekaha 0922  S.
longirostris

Spinners seen heading N off 
Kekaha.  Catamaran comes up 
to them and slowly moves 
through them.  Group size ~20. 

7/19 Kekaha 0955 3  Sea state change 
7/19 Kekaha 1515   Three red RHIBs head out of 

Portlock heading N through 
channel (we are later told these 
are part of RIMPAC ops).

7/19 Kekaha 1530 2  Swell 1-2 ft. 
7/19 Kekaha 1644   1st Navy destroyer enters 

channel.  Second one ~1 mile 
behind it.  Helo overhead and 
doing sweeps ahead of ships 
(and has been for about an 
hour over the horizon).  Ships 
appear to be moving slowly 
through channel. 

7/19 Kekaha 1703   Second ship leaves channel. 
Helo has been dipping sonar 
ahead of 2nd ship. 1st ship N of 
Lehua and over horizon. 

7/19 Kekaha 1706   2nd ship passes Lehua heading 
N and goes over horizon. 

7/19 Kekaha    3 red Navy RHIBs pass 
Kekaha.

7/19 Kekaha 1800   Complete watch 
7/20 Kekaha 0700 1  Begin watch with great 

visibility, partly cloudy. 
7/20 Kekaha 0715  S.

longirostris
Spinners in resting mode about 
400m offshore, off southern 
shore of beach.  Milling 
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Date
2006

Location Time 
(24
hr)

Beaufort
Sea State 

Species Observations 

behavior, group size ~20.  No 
boats with dolphins, the boats 
appear to not see them. 

7/20 Kekaha 0730  S.
longirostris

Spinners are now just N of 
lifeguard tower heading N. 

7/20 Kekaha 0753  S.
longirostris

Tour boat Makana stops with 
dolphins and they slowly 
bowride.

7/20 Kekaha 0800 0  Sea state change 
7/20 Kekaha 0804  S.

longirostris
Makana still slowly following 
spinners to the N, then S. They 
are really staying with them 
longer than most boats do, 
following the milling dolphins 
back and forth. 

7/20 Kekaha 0811  S.
longirostris

Makana leaves dolphins 

7/20 Kekaha 0814  S.
longirostris

Tour RHIB runs up on 
dolphins, then u-turns and 
follows them. 

7/20 Kekaha 0820  S.
longirostris

As RHIB leaves, catamaran 
“Lucky Lady” comes slowly 
up to them and sits with 
dolphins.

7/20 Kekaha 0828  S.
longirostris

“Lucky Lady” leaves dolphins 

7/20  0840  S.
longirostris

Another cat on spinners, N of 
Kehaka.  Does u-turns and 
runs through them a few times 
at slow speed. 

7/20 Kekaha 0847 1 S.
longirostris

Cat leaves dolphins, heads N 

7/20 Kekaha 1234 2  Overcast skies, great visibility 
7/20 Kekaha 1800   Complete watch. Total beach 

monitored with 2-3 beach 
walks daily is 3 miles (includes 
all of Kekaha Beach to 
Barking Sands boundary) 

7/24 Mahukona 0730 2=inshore 
3=offshore

 Begin watch.  Walked up to 
point north of harbor for better 
view of channel and Maui.
Partly cloudy skies, good 
visibility.
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Date
2006

Location Time 
(24
hr)

Beaufort
Sea State 

Species Observations 

7/24 Mahukona 0759  D. coriacea Leatherback turtle observed.
Carapace was 5-6 ft across and 
a huge rounded head, which is 
seen simultaneously during 
surfacing.  (There is a kayaker 
offshore of turtle which we 
used for a size comparison).  
Turtle is observed breathing at 
surface for about 1 minute, 
then dives. 

7/24 Mahukona 0951 4=offshore 
3=inshore

 Sea state change 

7/24 Kapa`a 
Beach
Park

1330 2=inshore 
4=offshore

 Change monitoring station to 
Kapa`a Beach Park, which is 
just N of Mahukona towards 
Hawi. It offers a better view of 
the channel, Maui and provides 
a protected inshore area with 
better viewing conditions.
Cloud cover is 90%. 

7/24 Kapa`a 1630  T. aduncus Group of ~ 20 bottlenose 
dolphins are observed heading 
SW, about 400m offshore.  
Does not appear to be mixed 
species, however, about 1/3 of 
the group are calves.  Group is 
traveling slowly and steadily to 
the SW, except for stopping 
for about 3 minutes near a 
group of shearwaters and tuna 
feeding on bait fish.  Group 
stayed about the same distance 
offshore and heads SW out of 
view (at 1646 hrs.) 

7/24 Kapa`a 1725  T. aduncus Group of ~20 bottlenose 
dolphins are observed again, 
coming from around the point 
where they were last seen. 
They are heading to the W.
They are moving more quickly 
this time, porpoising out of the 
water. As they lift heads higher 
to prepare for a dive, several of 
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Date
2006

Location Time 
(24
hr)

Beaufort
Sea State 

Species Observations 

them flip their tails up.  
Reappear after five minutes 
with very visible blows. 

7/24 Kapa`a 1749  T. aduncus Ta change direction to SW and 
appear to be feeding. They are 
working the margin of a large 
school of tuna and shearwaters 
which feeding on bait fish.
The dolphins behavior includes 
direction change, leaps out of 
the water, and a few tail slaps.  
The group is a little more 
spread out too, than before.
They continue this behavior 
for about 5 minutes, then 
regroup and head slowly 
offshore to the SW out of 
sight.

7/24 Kapa`a 1800   Complete watch.  Drive up 4x4 
road towards Hawi to check 
coastline for any strandings or 
other animals that might be out 
of sight. 

7/25 Kapa`a
Beach
Park

0715 2=inshore 
4=offshore

 Begin watch.  Three Navy 
ships and one other unid ship 
are observed over horizon 
towards Maui, in the channel.
They are heading W.  

7/25 Kapa`a 0745   Ships have disappeared over 
W horizon 

7/25 Kapa`a 0858  C. mydas ? Small turtle (green?) seen just 
off cove, about 100m offshore. 

7/25 Kapa`a 0917 3=inshore 
4=offshore

 Sea state change 

7/25 Kapa`a 1200   Leave beach park to drive up 
to Upolu Point and down to 
Mookini Heiau and Kam I 
birthplace to monitor other 
boulder beaches closer to 
channel.

7/25 Kapa`a 1300   Return to Kapa`a Beach Park 
7/25 Kapa`a 1400 4=inshore 

5=offshore
 Sea state change 
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Date
2006

Location Time 
(24
hr)

Beaufort
Sea State 

Species Observations 

7/25 Kapa`a 1830   Complete watch for the day. 
7/26 Kapa`a 0700 2=inshore 

3/4offshore
 Begin watch, excellent 

visibility inshore. Mostly 
sunny skies. 

7/26 Kapa`a 1200 3=inshore 
4=offshore

 Sea state change 

7/26 Kapa`a 1415  C. mydas Small green turtle observed 
hugging coastline.  Observed 
for about 30 minutes riding the 
surge back and forth around 
the rocks.  Last seen at 1445 
hrs.  Lots of glare inshore. 

7/26 Kapa`a 1630 4=inshore 
5=offshore

 Continues to be lots of glare, 
covering approximately 1/3 of 
viewing range. 

7/26 Kapa`a 1800   Complete watch (head to 
airport).
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Results of 2006 RIMPAC Surveys of Marine Mammals
in Kaulakahi and Alenuihaha Channels

Abstract

A total of six aerial surveys of marine mammals were performed on dates corresponding 
with scheduled dates for “choke point” maneuvers of the “Rim of the Pacific” (RIMPAC) 
joint military exercises in Hawaiian waters. Three surveys were performed in the vicinity 
of the Kaulakahi Channel (between Kauai and Niihau) (July 16, 17 and 20) and three 
were performed in the Alenuihaha Channel (between Hawaii and Maui) (July 24-26). The 
mission of the surveys was to detect, locate and identify all marine mammal species in 
the target areas using methods consistent with modern distance sampling theory. Marine 
mammals were sighted on four of the six surveys, comprising a total of 13 groups. All 
sightings consisted of small to medium-sized odontocetes (toothed cetaceans), including 
one sighting each of bottlenose dolphins, spotted dolphins, Cuvier’s beaked whale, false 
killer whale, unidentified beaked whale and eight sightings of unidentified delphinid 
species. Encounter rates of odontocete sightings (sightings/km surveyed) in this series 
were identical to those seen during earlier survey series (1993-03) albeit at different times 
of the year. No unusual observations (e.g., sightings of stranded or dead animals) were 
noted during the total of ca. 18 hrs of survey effort.

Background

During the summer of 2006, The United States Pacific Command hosted the joint “Rim 
of the Pacific Exercises” (RIMPAC) military exercises in the Hawaiian Islands. Due to 
concerns over possible responses of marine mammal species to sonar and other aspects of 
the naval operations (e.g., ICES, 2005), aerial surveys were scheduled for dates before, 
during and after scheduled “choke point” maneuvers. Specifically this involved the 
Kaulakahi Channel, between the islands of Kauai and Niihau, on July 16, 17 and 20; and 
the Alenuihaha Channel, between the islands of Hawaii and Maui, on July 24, 25 and 26. 
The mission of the surveys was to detect, locate and identify all marine mammals in these 
channel areas, as well as to report any unusual behavior, including sightings of stranded 
or dead cetaceans.

Since the month of July falls outside the normal seasonal residency of humpback whales 
(Jan-Apr) (Mobley 2004), the less abundant odontocete species (toothed cetaceans) were 
the target species in the present survey series. Shallenberger (1981) described 15 
odontocete species as resident in Hawaii. Based on aerial surveys conducted between 
1993-98, Mobley et al. (2000) estimated abundance for 11 odontocete species for the 
waters within 25 nautical miles (nmi) of the major Hawaiian Islands based on surveys 
conducted during Jan-Apr of 1993-98. An updated summary of aerial survey results for 
near-shore Hawaiian waters conducted from 1993-2003 identified a total of 15 
odontocete species (Mobley, unpublished data, Appendix A). Barlow (2006) provided 
abundance estimates for 21 cetacean species, including 18 odontocetes, based on 
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shipboard transect surveys conducted in Aug-Nov 2002 in the Hawaiian Exclusive 
Economic Zone (EEZ).   

Method

Three surveys were performed in each of the Kaulakahi (July 16, 17 and 20) and 
Alenuihaha (July 24, 25, 26) channels for a total of six surveys.  Survey protocol was 
based on distance sampling methods, which is the standard accepted approach for 
estimating abundance of free ranging animal populations (Buckland et al. 2001).

Surveys in both regions followed pre-determined tracklines constructed to optimize area 
sampled within range limits of the aircraft (Figures 1 & 2). For the Kaulakahi Channel 
surveys, tracklines ran mostly north-south and were spaced 7.5 km apart comprising a 
total length of ca 556 km.

1
For the Alenuihaha surveys, tracklines ran from northeast to 

southwest and were spaced 15 km apart and comprised a total length of ca. 740 km. 
Starting longitudes in both regions were randomly chosen per distance sampling 
methodology (Buckland et al. 2001) so that the exact trackline configuration varied 
slightly for each survey.

The survey aircraft for the first survey (July 16) was a single-engine Cessna 177RG 
Cardinal

1
. For the remaining five surveys a twin-engine Piper PA34 Seneca was used. 

Both aircraft flew at a mean ground speed of 100 knots and an average altitude of 244m 
(800 ft). Two experienced observers made sightings of all marine mammal species, one 
on each side of the aircraft.  Sightings were called to a data recorder who noted the 
species sighted, number of individuals, presence or absence of a calf, angle to the 
sighting (using hand-held Suunto clinometers), and any apparent reaction to the aircraft.
Additionally, GPS locations and altitude were automatically recorded onto a laptop 
computer at 30-sec intervals, as well as manually whenever a sighting was made.  
Environmental data (seastate, glare and visibility) were manually recorded at the start of 
each transect leg and whenever conditions changed.  The two data sources (manual and 
computer) were later merged into a single data file. Species identifications were typically 
made by orbiting an initial sighting until sufficient diagnostic features were discernible to 
permit positive identification. When the initial sighting could not be recaptured upon 
orbiting, the species was recorded as “unidentified.”

1
 Due to PMRF Range Ops on July 16, 2006, flying in the Kaulakahi Channel region was 

not permitted. We therefore surveyed an adjacent region off the central and southwest 
coast of Kauai in order to avoid the warning area on that date.
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Figure 1. Survey effort for Kaulakahi Channel. GPS data (red lines) for surveys   
    performed on July 16,17 and 20. Tracklines were 7.5 km apart and extended
   13 km past the 1000 fathom contour. Total transect length was ca. 556 km.    
   The tracklines to the south of Kauai were flown on July 16 only, when the
    waters of Kaulakahi Channel were closed due to scheduled operations
    of the Pacific Missile Range Facility (PMRF) at Barking Sands, Kauai.
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Figure 2. Survey effort for Alenuihaha Channel.  GPS position data (red lines)
are shown for July 24-26 surveys.  Tracklines were 15 km apart and 
extended 13 km past the 1000 fathom limit.  Total trackline distance for 
each survey was approximately 740 km.

Results

Overview. The six surveys comprised a total of ca. 18 hrs and ca. 3300 km of linear 
survey effort (Table 1). The number of sightings as well as the ability to identify species 
was generally hampered by poor seastate conditions that prevailed on all but one of the 
survey dates (July 20) (Table 1, Figure 3). Seastate is the primary factor affecting the 
ability to detect marine mammals (Buckland et al. 2001).

Summary of sightings. Cetacean species were detected on five of the six surveys (Table 
1), including four identified species (bottlenose dolphins, spotted dolphins, false killer 
whales and Cuvier’s beaked whale), one unidentified beaked whale species (likely 
Mesoplodon densirostris) and eight unidentified delphinid species (Table 2, Figures 4 & 
5). All four of the identified species are among those typically seen in nearshore 
Hawaiian waters (Mobley et al. 2000; Shallenberger 1981). No unusual behavior or 
activity (e.g., stranded or dead animals) was observed during the six surveys.

Encounter rate comparison. One method of normalizing sightings for performing 
comparisons is to calculate encounter rates (groups sighted/km surveyed) (Buckland et al. 
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2001).  In the present series a total of 13 sightings were made across ca. 3,334 km of 
survey effort which corresponds to an encounter rate of  .0004 sightings/km. This rate is 
identical with the encounter rate for all odontocetes combined observed during the 1993-
2003 survey series for inshore waters around the main Hawaiian Islands during the 
months Jan-Apr (Mobley, unpublished data, Appendix A). Therefore, the densities of 
marine mammal species reported here is identical with that normally seen for the 
Hawaiian Islands, albeit at different times of the year.  

Table 1. Summary of Survey Effort and Sightings 

Region  Date  No. of 
sightings

Survey effort 
(hrs)

Mean Beaufort 
seastate  

Kaulakahi Channel  July 16  0  1.25  4.38  
  July 17  2  3.96  4.06  
  July 20  3  3.08  1.47  
Alenuihaha Channel  July 24  1  3.28  4.36  
  July 25  5  3.33  4.17  
  July 26  2  3.02  4.80  
   

Total: 13 17.92

Figure 3. Summary of Beaufort Seastate Conditions. Beaufort seastate is one of the 
main factors affecting the ability to detect marine mammals. Normally, the ability to 
detect drops substantially beyond Beaufort 3. As shown, the majority of survey effort 
occurred in Beaufort 5, whereas the greater number of sightings occurred in Beaufort 2.
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Table 2.  Summary of Species Sightings by Region  

Region / Species No. groups No. individuals 
Kaulakahi Channel:      
    Spotted dolphins (Stenella attenuata)  1  14  
    Unidentified delphinid species  4  21  
      
Alenuihaha Channel:      
    Bottlenose dolphin (Tursiops truncatus)  1  1  
    False killer whales (Pseudorca crassidens)  1  4  
    Cuvier’s beaked whale (Ziphius cavirostris)  1  1  
    Unidentified beaked whale  1  1  
    Unidentified delphinid species  4  29  

Figure 4.  Kaulakahi Channel sightings. A total of five sightings occurred in the 
Kaulakahi Channel including one pod of spotted dolphins and four of unidentified 
delphinid species. Inner and outer bathymetry lines refer to 100 and 1000 fathom 
contours, respectively.
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Figure 5.  Alenuihaha Channel sightings. A total of 8 sightings occurred in the 
Alenuihaha Channel, including one pod of each of the following species: bottlenose 
dolphin, false killer whale, Cuvier’s beaked whale and an unidentified beaked whale 
species (likely Mesoplodon densirostris).  Additionally four pods of unidentified 
delphinids were sighted.  Inner and outer bathymetry lines refer to the 100 and 1000 
fathom contours, respectively.  

Discussion

From the total of 13 sightings only four (31%) were positively identified to species. One 
sighting in the Alenuihaha Channel was identified as a beaked whale (likely Blainville’s 
beaked whale, M. densirostris) but was not resighted upon orbiting, thus obviating 
positive species identification. The low rate of species identification was likely due to the 
poor seastate conditions that prevailed on all but one of the six surveys (Table 1, Figure 
3) thereby making it difficult to recapture the sighting when orbiting.

The sighting of a group of four false killer whales (Pseudorca crassidens) was significant 
given recent concerns over the possible decline in their population around the Hawaiian 
Islands, possibly due to fisheries interactions (Baird and Gorgone 2005).  In the 1993-03 
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aerial survey series, false killer whales were not seen after 1998 (Mobley, unpublished 
data), so the current sighting is the first aerial sighting since that time, though shipboard 
observations have been recorded (e.g., Barlow 2006).

Similarly, the sighting of a single Cuvier’s beaked whale (Ziphius cavirostris), also in the 
Alenuihaha Channel, was significant given the fact that previous reports of adverse 
reactions to mid-range sonar primarily involved this species (ICES, 2005). It was sighted 
on 25July when RIMPAC activities were scheduled to occur in the channel, and was 
sighted mid-channel in waters deeper than 1000 fathoms (Figure 5).  

As noted, the encounter rate for sightings in the present survey series (.0004 sightings/km 
surveyed) was identical to that recorded for odontocete species during the 1993-03 aerial 
survey series for the months Jan-Apr (Mobley 2004). This suggests that densities in the 
Kaulakahi and Alenuihaha Channels were no more or less than those normally seen 
throughout Hawaiian waters, albeit at different times of the year. Barlow (2006) 
commented on the low densities of odontocete species noted during 2002 shipboard 
surveys of the Hawaiian Exclusive Economic Zone (EEZ), noting them to be lower than 
most warm-temperate and tropical locations worldwide. He attributed this low density to 
the low productivity of the  subtropical gyre that affects Hawaiian waters.

In conclusion, these surveys provided no evidence of impact of RIMPAC activities on 
resident populations of cetaceans in the Kaulakahi and Alenuihaha Channels. No 
differences in cetacean densities were detected, and no unusual behavior or event (e.g., 
unusual aggregations or near strandings) was observed. This statement should not be 
interpreted as evidence of no impact, merely that no such evidence was detected during 
these 18 hrs of surveys.
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Appendix A

1993 - 2003 Hawaiian Islands Aerial 
Survey Results 

    

No.  No.  
Species Name pods  indiv. 

    
Humpback whale (Megaptera novaeangliae) 2352  3907 
Spinner dolphin (Stenella longirostris) 52  1825 
Spotted dolphin (Stenella attenuata) 31  1021 
Short-finned pilot whale (Globicephala
macrorhynchus)

73  769  

Melon-headed whale (Peponocephala
electra)

6  770  

Bottlenosed dolphin (Tursiops truncatus) 54  492  
False killer whale (Pseudorca crassidens) 18  293  
Sperm whale (Physeter macrocephalus) 23  106  
Rough-toothed dolphin (Steno bredanensis) 8  90  
Blainville's beaked whale (Mesoplodon
densirostris)

9  32  

Pygmy or dwarf sperm whale (Kogia spp.) 4  28  
Striped dolphin (Stenella coeruleoalba) 1  20  
Pygmy killer whale (Feresa attenuata) 2  16  
Cuvier's beaked whale (Ziphius cavirostris) 7  13  
Risso's dolphin (Grampus griseus) 1  8  
Killer whale (Orcinus orca) 1  4  
Fin whale (Balaenoptera physalus) 1  3  

    
    

Unid. Dolphin  96  452  
Unid. Stenella spp.  11  196  
Unid. Whale 28  39  
Unid. beaked whale  9  23  
Unid. Cetacean 14  27  

    
    
    

Totals:  2801  10134 
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APPENDIX G 
OVERVIEW OF AIRBORNE AND 

UNDERWATER ACOUSTICS 

G.1 INTRODUCTION 

This appendix provides additional information on the characteristics of in-air noise and 
underwater sound.  Sound transmission characteristics are different for sounds in air versus 
sounds in water.  Similarly, sound reception sensitivities vary for in-air sound and in-water 
sound.  Therefore, this appendix is divided into two major subsections: Airborne Noise 
Characteristics and Underwater Noise Characteristics.  A third subsection describes sound 
transmission through the air-water interface.  Underwater ambient sound is partially a result of 
sound sources that occur outside of the Hawaii Range Complex (HRC).  However, for the 
purposes of this Environmental Impact Statement/Overseas Environmental Impact Statement 
(EIS/OEIS), the region of influence for underwater noise is limited to airborne and underwater 
sound sources that occur primarily within the HRC boundaries.  Full citations for the literature 
cited in this appendix are provided in Chapter 9.0 of the EIS/OEIS. 

G.2 AIRBORNE NOISE CHARACTERISTICS 

Primary sources of Navy airborne noise in the HRC include aircraft and their weapons, naval 
gunfire, aerial targets, and airborne ordnance (e.g., missiles).  Throughout this section, the F-4 
aircraft is used to represent typical jet aircraft that operate in the HRC.  For the purpose of noise 
characterization, aerial targets and airborne ordnance are essentially small-scale aircraft.   

Two distinct types of noise may result from aircraft activities.  When an aircraft flies slower than the 
speed of sound or subsonically, noise is produced by the aircraft’s engine and by effects of aircraft 
movement through air.  When an aircraft flies faster than the speed of sound, a sharply defined 
shock front is created, producing a distinct phenomenon called “overpressure.”  Noise produced by 
this physical phenomenon is termed “impulse noise.”  Thunder claps, noise from explosions, and 
sonic booms are examples of impulse noise.  Airborne noise that originates in higher altitudes is 
seldom heard on the ground.  This is due to the upward bending of sound that takes place in 
temperature inversions, where the surface temperature is warmer than the temperature at the 
higher altitude of the sound source.  The characteristics of subsonic and supersonic noise are 
discussed below. 

G.2.1 SUBSONIC NOISE 
The physical characteristics of noise (or sound) include its intensity, frequency, and duration.  
Sound is created by acoustic energy, which produces pressure waves that travel through a 
medium, such as air or water, and are sensed by the eardrum.  This may be likened to ripples in 
water that would be produced when a stone is dropped into it.  As acoustic energy increases, 
the intensity or height of these pressure waves increases, and the ear senses louder noise.  The 
ear is capable of responding to an enormous range of sound levels, from that of a soft whisper 
to the roar of a rocket engine. 
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Units of Measurement 
The range of sound levels that humans are capable of hearing is very large.  If the faintest 
sound level we can recognize (threshold of hearing) is assigned a value of one, then the highest 
level humans are capable of hearing (threshold of pain), measured on the same scale, would 
have a value of 10 million.  In order to make this large range of values more meaningful, a 
logarithmic mathematical scale is used:  the decibel [dB] scale.  On this scale, the lowest level 
audible to humans is 0 dB and the threshold of pain is approximately 140 dB.  The reference 
level for the decibel scale used to describe airborne sound is thus the threshold of hearing (for 
young adults).  In physical terms, this corresponds to a sound pressure of 20 micropascals 
(μPa).  Atmospheric pressure is about 100,000 pascals (Pa). 

Noise Measurement (weighting) 
The normal human ear can detect sounds that range in frequency from about 20 cycles per 
second or hertz (Hz) to 15,000 Hz.  However, all sounds throughout this range are not heard 
equally well.  Figure G-1 shows the in-air hearing threshold curves (audiograms) for humans 
and a marine mammal species that can hear well in air as well as underwater.  The human ear 
can be seen to be most sensitive at 1 to 4 kilohertz (kHz), whereas the sensitive band for the 
elephant seal extends upward to at least 10 kHz.  However, at most frequencies the hearing 
threshold for these animals listening in air is 20 to 50 dB higher (less sensitive) than that for the 
human. 
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Figure G-1.  Human and Marine Mammal In-Air Hearing Thresholds 
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Sound level meters have been developed to measure sound fields and to show the sound level 
as a number proportional to the overall sound pressure as measured on the logarithmic scale 
described previously.  This is called the sound pressure level (SPL).  It is often useful to have 
this meter provide a number that is directly related to the human sensation of loudness.  
Therefore, some sound meters are calibrated to emphasize frequencies in the 1 to 4 kHz range 
and to de-emphasize higher and especially lower frequencies to which humans are less 
sensitive.  Sound level measurements obtained with these instruments are termed “A-weighted” 
(expressed in dBA).  The A-weighting function is shown in Figure G-2.  It is closely related to the 
human hearing characteristic shown previously in Figure G-1.  Because other animals are 
sensitive to a different range of frequencies, other weighting protocols may be more appropriate 
when their specific hearing characteristics are known.  Alternative measurement procedures 
such as C-weighting or flat-weighting (unweighted), which do not de-emphasize lower 
frequencies, may be more appropriate for various animal species such as baleen whales. 
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Figure G-2.  Noise Weighting Characteristics 
 

Although sound is often measured with instruments that record instantaneous sound levels in 
dB, the duration of a noise event and the number of times noise events occur are also important 
considerations in assessing noise impacts.  With these measurements, sound levels for 
individual noise events and average sound levels, in decibels, over extended periods of hours, 
days, months, or years can be calculated (e.g., the daily day-night average sound level [Ldn] in 
dB). 

Frequency-dependent instrument response 
curves for simulating human hearing 
sensitivity to broadband noise. 
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Sound Exposure Level (Single Noise Event) 
The sound exposure level (SEL) measurement provides a means of describing a single, time 
varying, noise event.  It is useful for quantifying events such as an aircraft overflight, which 
includes the approach when noise levels are increasing, the instant when the aircraft is directly 
overhead with maximum noise level, and the period of time while the aircraft moves away with 
decreasing noise levels.  SEL is a measure of the physical energy of a noise event, taking into 
account both intensity (loudness) and duration.  SEL is based on the sounds received during the 
period while the level is above a specified threshold that is at least 10 dB below the maximum 
value measured during a noise event.  SEL is usually determined on an A-weighted basis, and 
is defined as the constant sound level that provides the same amount of acoustic exposure in 
one second as the actual time-varying level for the exposure duration.  It can also be expressed 
as the 1-second averaged equivalent sound level (Leq 1 sec). 

Table G-1 provides a brief comparison of A-weighted, C-weighted, and flat SEL (F-SEL) values for 
military aircraft operating at various altitudes and power settings.  By definition, SEL values are 
normalized to a reference time of one second and should not be confused with either the average 
or maximum noise levels associated with a specific event.  There is no general relationship 
between the SEL value and the maximum decibel level measured during a noise event.  By 
definition, SEL values exceed the maximum decibel level where noise events have durations 
greater than 1 second.  For subsonic aircraft overflights, maximum noise levels are typically 5 to 
7 dB below SEL values. 
 

Table G-1.  SEL Comparison for Select Department of Defense Aircraft (in dB) 

  P-3   F-4C   F/A-18  

Power Setting 2000 ESHP 100% RPM 88% RPM 

Speed (knots)  180   300   400  

Sound Exposure Level (SEL) at Ground Level 

Altitude A-SEL  C-SEL F-SEL A-SEL  C-SEL F-SEL A-SEL  C-SEL F-SEL 

2,500 feet 83.5 88.4 88.4 106.7 110.6 110.4 91.3 95.3 95.2 

2,000 feet 85.6 90.0 90.0 109.0 112.7 112.6 93.7 97.4 97.3 

1,600 feet 87.7 91.6 91.6 111.3 114.8 114.6 96.0 99.4 99.4 

1,000 feet 91.7 94.7 94.7 115.7 118.7 118.7 100.2 103.2 103.2 

500 feet 97.2 99.2 99.3 122.3 124.1 124.3 105.9 108.5 108.5 

315 feet 100.6 102.2 102.2 126.7 127.5 127.7 109.3 111.7 111.8 

200 feet 103.9 105.1 105.2 130.9 130.6 130.9 112.5 114.8 114.9 

ESHP = effective shaft horsepower 
RPM = revolutions per minute 
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Day-Night Average Sound Level 
The day-night average sound level (Ldn or DNL) is the energy-averaged sound level measured 
over a 24-hour period, with a 10 dB penalty assigned to noise events occurring between 10:00 
p.m. and 7:00 a.m.  Ldn values are obtained by summation and averaging of SEL values for a 
given 24-hour period.  Ldn is the preferred noise metric of the U.S. Department of Housing and 
Urban Development, Federal Aviation Administration, U.S. Environmental Protection Agency, 
and Department of Defense insofar as potential effects of airborne sound on humans are 
concerned. 

People are constantly exposed to noise.  Most people are exposed to average sound levels of 
50 to 55 Ldn or higher for extended periods on a daily basis.  Normal conversational speaking 
produces received sound levels of approximately 60 dBA.  Studies specifically conducted to 
determine noise impacts on various human activities show that about 90 percent of the 
population is not significantly bothered by outdoor average sound levels below 65 Ldn (Federal 
Aviation Administration, 1985). 

Ldn considers noise levels of individual events that occur during a given period, the number of 
events, and the times (day or night) at which events occur.  Since noise is measured on a 
logarithmic scale, louder noise events dominate the average.  To illustrate this, consider a case 
in which only one aircraft flyover occurs in daytime during a 24-hour period, and creates a 
sound level of 100 dB for 30 seconds.  During the remaining 23 hours, 59 minutes, and 30 
seconds of the day, the ambient sound level is 50 dB.  The calculated sound level for this 24-
hour period is 65.5 Ldn.  To continue the example, assume that 10 such overflights occur during 
daytime hours during the next 24-hour period, with the same 50 dB ambient sound level during 
the remaining 23 hours and 55 minutes.  The calculated sound level for this 24-hour period is 
75.4 Ldn.  Clearly, the averaging of noise over a given period does not suppress the louder 
single events. 

In calculating Ldn, noise associated with aircraft activities is considered, and a 10 dB penalty is 
added to activities that occur between 10:00 p.m. and 7:00 a.m.; this time period is considered 
nighttime for the purposes of noise modeling.  The 10 dB penalty is intended to compensate for 
generally lower background noise levels and increased human annoyance associated with 
noise events occurring between the hours of 10:00 p.m. and 7:00 a.m. 

While Ldn does provide a single measure of overall noise, it does not provide specific information 
on the number of noise events or specific individual sound levels that occur.  For example, as 
explained above, an Ldn of 65 dB could result from very few, but very loud events, or a large 
number of quieter events.  Although it does not represent the sound level heard at any one 
particular time, it does represent total sound exposure.  Scientific studies and social surveys 
have found Ldn to be the best measure to assess levels of human annoyance associated with all 
types of environmental noise.  Therefore, its use is endorsed by the scientific community and 
governmental agencies (U.S. Environmental Protection Agency, 1974; Federal Interagency 
Committee on Urban Noise, 1980; Federal Interagency Committee on Noise, 1992). 
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Onset-Rate Adjusted Day-Night Average Sound Level 
Aircraft operating at low altitude and in special use airspace generate noise levels different from 
other community noise environments.  Overflights can be sporadic, which differs from most 
community environments where noise tends to be continuous or patterned. 

Military overflight events also differ from typical community noise events because of the low 
altitude and high airspeed characteristics of military aircraft.  These characteristics can result in 
a rate of increase in sound level (onset rate) of up to 30 dB per second.  To account for the 
random and often sporadic nature of military flight activities, computer programs calculate noise 
levels created by these activities based on a monthly, rather than a daily, period.  The Ldn metric 
is adjusted to account for the surprise, or startle effect, of the onset rate of aircraft noise on 
humans.  Onset rates above 30 dB per second require an 11 dB penalty because they may 
cause a startle associated with the rapid noise increase.  Onset rates from 15 to 30 dB per 
second require an adjustment of 0 to 11 dB.  Onset rates below 15 dB per second require no 
adjustment because no startle is likely.  The adjusted Ldn is designated as onset-rate adjusted 
monthly day-night average sound level (Ldnmr). 

G.2.2 SUPERSONIC NOISE 
A sonic boom is the noise a person, animal, or structure on the earth’s surface receives when 
an aircraft or other type of air vehicle flies overhead faster than the speed of sound (or 
supersonic).  The speed of sound is referred to as Mach 1.  This term, instead of a specific 
velocity, is used because the speed at which sound travels varies for different temperatures and 
pressures.  For example, the speed of sound in air at standard atmospheric conditions at sea 
level is about 772 statute miles per hour, or 1,132 feet (ft) per second.  However, at an altitude 
of 25,000 ft, with its associated lower temperature and pressure, the speed of sound is reduced 
to 1,042 ft per second (approximately 710 miles per hour).  Thus, regardless of the absolute 
speed of the aircraft, when it reaches the speed of sound in the environment in which it is flying, 
its speed is Mach 1. 

Air reacts like a fluid to supersonic objects.  When an aircraft exceeds Mach 1, air molecules are 
pushed aside with great force, forming a shock front much like a boat creates a bow wave.  All 
aircraft generate two shock fronts.  One is immediately in front of the aircraft; the other is 
immediately behind it.  These shock fronts “push” a sharply defined surge in air pressure in front 
of them.  When the shock fronts reach the ground, the result is a sonic boom.  Actually, a sonic 
boom involves two very closely spaced impulses, one associated with each shock front.  Most 
people on the ground cannot distinguish between the two and they are usually heard as a single 
sonic boom.  However, the paired sonic booms created by vehicles the size and mass of the 
space shuttles are very distinguishable, and two distinct booms are easily heard. 

Sonic booms differ from most other sounds because:  (1) they are impulsive; (2) there is no 
warning of their impending occurrence; and (3) the peak levels of a sonic boom are higher than 
those for most other types of outdoor noise.  Although air vehicles exceeding Mach 1 always 
create a sonic boom, not all sonic booms are heard on the ground.  As altitude increases, air 
temperature normally decreases and these layers of temperature change cause the shock front 
to be turned upward as it travels toward the ground.  Depending on the altitude of the aircraft 
and the Mach number, the shock fronts of many sonic booms are bent upward sufficiently that 
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they never reach the ground.  This same phenomenon also acts to limit the width (area covered) 
of those sonic booms that actually do reach the ground. 

Sonic booms are sensed by the human ear as an impulsive (sudden or sharp) sound because 
they are caused by a sudden change in air pressure.  The change in air pressure associated 
with a sonic boom is generally a few pounds per square foot, which is about the same pressure 
change experienced riding an elevator down two or three floors.  It is the rate of change—the 
sudden onset of the pressure change—that makes the sonic boom audible.  The air pressure in 
excess of normal atmospheric pressure is referred to as “overpressure.”  It is quantified on the 
ground by measuring the peak overpressure in pounds per square foot and the duration of the 
boom in milliseconds.  The overpressure sensed is a function of the distance of the aircraft from 
the observer; the shape, weight, speed, and altitude of the aircraft; local atmospheric conditions; 
and location of the flight path relative to the surface.  The maximum overpressures normally 
occur directly under the flight track of the aircraft and decrease as the slant range, or distance, 
from the aircraft to the receptor increases.  Supersonic flights for a given aircraft type at high 
altitudes typically create sonic booms that have low overpressures but cover wide areas if the 
sonic boom reaches the ground. 

The noise associated with sonic booms is measured on a C-weighted scale (as shown 
previously in Figure G-2).  C-weighting provides less attenuation at low frequencies than 
A-weighting.  This is appropriate based on the human auditory response to the low-frequency 
sound pressures associated with high-energy impulses (such as those generated by sonic 
booms). 

G.2.3 AIRBORNE NOISE EFFECTS ON WILDLIFE 
The previous discussion primarily concerned the metrics that have been developed to predict 
human response to various noise spectral and temporal characteristics.  Response prediction 
metrics for non-human species such as marine mammals are generally not available.  Because 
of the limited amount of response data available for marine mammals, it is not possible to 
develop total sound exposure metrics similar to those applied to human population centers.  
Instead, the potential impacts of noise sources in the HRC need to be assessed by examining 
individual source-receiver encounter scenarios typical of range activities.  Assessment of 
potential effects must consider both airborne noise on marine mammals out of the water (e.g., 
pinniped), and airborne noise (transmitted into the water) potentially effecting marine mammals 
when they are underwater (e.g., cetacea).   

There have been several studies of hauled-out pinniped response to airborne noise and sonic 
booms from aircraft and missile flyovers, although few sound exposure data have been 
reported.  For marine mammals underwater, one study—the Malme et al. (1984) investigation of 
gray whales—is the only study to provide data on reactions to aircraft sound underwater that 
was isolated from other potential stimuli such as visual behavioral reactions elicited from low 
altitude aircraft.  As demonstrated by that study, the underwater received levels necessary to 
elicit reactions (115 dB to 127 dB SPL) would require an airborne source level at the surface of 
approximately 175 dB to 187 dB.  This is much higher than should be expected as a result of 
most aircraft overflight in the HRC for reasons described later in Section G.3 involving sound 
transmission through the air-water interface.  To assess the potential impact of airborne noise 
sources in the HRC on non-human species, a weighting function related to the hearing 
characteristics of a specific species is required, analogous to the A-weighting used for human 
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response prediction (see Southall et al., 2007).This facilitates the application of sound level 
criteria based on potential avoidance behavior, potential temporary threshold shift, or some 
other appropriate response (refer to Section 4.1 of the EIS/OEIS, Marine Mammals).   

If the hearing thresholds of a species have been measured at various frequencies, as in Figure 
G-1, the resulting audiogram can be used as a weighting function.  An example of this is shown 
in Figure G-3 where the 1/3-octave spectra of two different types of aircraft are shown.  (Sound 
levels are shown in 1/3-octave bands because in humans and some mammals, the effective 
filter bandwidth of the hearing process is not constant but has a proportional bandwidth of 
approximately 1/3-octave.)  The F-4 jet noise spectrum is seen to be dominated by frequencies 
above 500 Hz, whereas the P-3 has dominant propeller noise bands at 63 and 125 Hz.  When 
these radiated noise spectra are weighted by subtracting the elephant seal hearing response 
(see Figure G-1), the effective perceived level spectra are obtained.  The difference in perceived 
loudness of these two aircraft, as heard by the seal, can be estimated by looking at the overall 
perceived levels (shown on the right edge of the graph).  There is a difference of about 30 dB in 
the overall perceived levels even though there is only a difference of about 10 dB in the overall 
flat-weighted levels.  Human listeners perceive a 10-dB difference in sound level as being 
approximately a factor of two.  If the seal has a similar perception, the two aircraft would differ in 
perceived loudness by about eight times, but the measured difference for a flat sound level 
meter would be only 10 dB. 

Figure G-3.  Aircraft Noise Spectra vs. Hearing Response 
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While the actual audiogram can be used as a weighting function as demonstrated above, this is 
not a practical solution in the present application because of the large number of species and 
sources involved.  Moreover, the audiograms of many animal species listening in air are not 
known.  Several species of concern, such as pinnipeds and birds, have reduced sensitivity at 
low frequencies as compared with at moderate frequencies (the same pattern as in humans).  
Therefore, the A-weighting response appropriate for humans was examined as a potential basis 
for estimating the levels perceived by species exposed to a variety of noise sources on the 
HRC.   

For birds, a comparison of real and perceived levels from F-4 and P-3 aircraft was made by 
using the reported hearing thresholds of selected bird species.  The results of the analysis show 
that the measured difference in overall received noise levels for the two aircraft produced by the 
A-weighting function is comparable to the estimated differences in perceived levels for birds 
(Table G-2).  The measured difference using unweighted overall sound levels is much smaller 
and thus would provide a poor estimate of the potential noise impact of these sources on birds.  
This comparison indicated that A-weighting (which attenuates low frequencies) is effective in 
simulating the hearing function of birds, since the difference in the A-weighted aircraft spectra is 
similar to the difference in the perceived levels.  A-weighted metrics are therefore considered 
appropriate for use in determining potential noise impacts on birds. 

Table G-2.  Analysis of A-Weighted Sound Level vs. Flat Overall Level as a 
Measure of Loudness for Birds 

 Overall Measured Sound Level  
(1,000 feet altitude, re 20 µPa) 

Perceived Sound Level 3 
(Received level—hearing threshold) 

Aircraft dB (flat) 1 dBA 2  Anseriforms 4 Passeriforms 5 

F-4 (100%) 110.0 109.0 94.0 87.0 

P-3 (100%) 99.0 84.0 65.0 59.0 

F-4 - P-3 difference 11.0 25.0 29.0 28.0 

Notes: 
 
1   dB (flat) - overall sound level with no weighting. 
 
2 dBA - overall A-weighted level. 
 
3 Perceived Sound Level - overall sound level of the aircraft above the hearing threshold.  It is an estimate of the 

loudness perceived by a given species. 
 

 The difference between the unweighted levels of the two aircraft is 11 dB, whereas the A-weighted level difference 
is 25 dB.  The F-4 has a significant amount of sound energy at high frequencies compared with the P-3.  If A-
weighting (which attenuates low frequencies) is effective in simulating the hearing function of birds, the difference 
in the A-weighted aircraft spectra should be similar to the difference in perceived levels, as these data indicate. 

 
4  Anseriforms are waterfowl (e.g., ducks, geese, swans). 
 
5  Passeriforms are perching birds or passerines (i.e., songbirds). 
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The hearing response of the elephant seal in its most sensitive range is about 20 dB less 
sensitive than that of human hearing (see Figure G-1).  To compensate for this, an additional 
20 dB attenuation was added to the A-weighting response and the resulting characteristic was 
applied to the F-4 and P-3 spectra.  The results are shown in Figure G-4.  Here the adjusted 
A-weighted responses are compared to the estimated perceived responses.  The overall 
adjusted A-weighting responses for the two aircraft can be seen to differ by about 26 dB, 
compared to the perceived difference of about 30 dB.  The overall adjusted A-weighted level 
exceeds the overall perceived level by about 4 dB for the F-4 and about 9 dB for the P-3.  This 
difference occurs because, at low frequencies, the A-weighting factors are relatively higher than 
the seal audiogram.  This difference is most important for sources with dominant low-frequency 
components.  

Figure G-4.  Adjusted A-Weighting of Aircraft Noise vs. Hearing Response 
 

G.2.4 AMBIENT NOISE 
Ambient noise is the background noise at a given location.  Airborne ambient noise can vary 
considerably depending on location and other factors, such as wind speed, temperature 
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In predicting human response to loud airborne noise sources, it is reasonable to assume that 
ambient background noise would have little or no effect on the calculated noise levels since the 
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Ambient noise may have a more significant effect on prediction of marine mammal response to 
loud airborne noise sources.  Marine mammals are exposed to a wide range of ambient sounds 
ranging from the loud noise of nearby wave impacts on the quiet of remote areas during calm 
wind conditions.  The ambient noise background on beaches is strongly influenced by surf 
noise.  During high surf conditions pinnipeds may not hear an approaching aircraft until it is 
nearly overhead.  The resulting rapid noise level increase may cause a panic response that 
normally would not occur for calm conditions when the approaching aircraft can be initially heard 
at longer ranges.  Some examples of airborne noise levels in human and marine mammal 
habitat are given in Table G-3. 

It should be noted that the characteristics of subsonic noise, which is measured on an A-weighted 
scale, and supersonic noise, which is measured on a C-weighted scale, are different.  Therefore, 
each is calculated separately, and it would be incorrect to add the two values together.  
Nevertheless, both subsonic and supersonic noises occur in the HRC.  Together, they form the 
cumulative acoustic environment in the region.  Therefore, each is addressed where applicable in 
this EIS/OEIS. 

Table G-3.  Representative Airborne Noise Levels 

Source of Noise dBA re 20 µPa 

F/A-18 at 1,000 feet (Cruise Power) 98 

Helicopter at 200 feet (UH-1N) 91 

Car at 25 feet (60 mph) 1 70–80 

Light Traffic at 100 feet 1 50–60 

Quiet Residential (daytime) 1 40–50 

Quiet Residential (night) 1 30–40 

Wilderness Area 1 20–30 

Offshore (low sea state) 2 40–50 

Surf 2 60–70 

1 Kinsler et al., 1982. 
2 U.S. Coast Guard, 1960. 

 

G.3 SOUND TRANSMISSION THROUGH THE AIR-WATER INTERFACE 

Many of the sound sources considered in this EIS/OEIS are airborne vehicles, but a significant 
portion of the concern about noise impacts involves marine animals at or below the surface of 
the water.  Thus, transmission of airborne sound into the ocean is a consideration.  This 
subsection describes some basic characteristics of air-to-water transmission of sound for both 
subsonic and supersonic sources.  Sound is transmitted from an airborne source to a receiver 
underwater by four principal means:  (1) a direct path, refracted upon passing through the air-
water interface; (2) direct-refracted paths reflected from the bottom in shallow water; (3) lateral 
(evanescent) transmission through the interface from the airborne sound field directly above; 
and (4) scattering from interface roughness due to wave motion.  
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Several papers are available in the literature concerning transmission of sound from air into 
water.  Urick (1972) presents a discussion of the effect and reports data showing the difference 
in the underwater signature of an aircraft overflight for deep and shallow conditions.  He 
includes analytic solutions for both the direct and lateral transmission paths and presents a 
comparison of the contributions of these paths for near-surface receivers.  Young (1973) 
presents an analysis which, while directed at deep-water applications, derived an equivalent 
dipole underwater source for an aircraft overflight that can be used for direct path underwater 
received level estimates.  A detailed description of air-water sound transmission is given in 
Marine Mammals and Noise (Richardson et al., 1995a).  The following is a short summary of the 
principal features. 

Figure G-5 shows the general characteristics of sound transmission through the air-water 
interface.  Sound from an elevated source in air is refracted upon transmission into water 
because of the difference in sound speeds in the two media (a ratio of about 0.23).  Because of 
this difference, the direct sound path is totally reflected for grazing angles less than 77°, i.e., if 
the sound reaches the surface at an angle more than 13° from vertical.  For smaller grazing 
angles, sound reaches an underwater observation point only by scattering from wave crests on 
the surface, by non-acoustic (lateral) pressure transmission from the surface, and from bottom 
reflections in shallow water.  As a result, most of the acoustic energy transmitted into the water 
from a source in air arrives through a cone with a 26° apex angle extending vertically downward 
from the airborne source.  For a moving source, the intersection of this cone with the surface 
traces a “footprint” directly beneath the path of the source, with the width of the footprint being a 
function of the altitude of the source.  To a first approximation, it is only the sound transmitted 
within this footprint that can reach an underwater location by a direct-refracted path.  Because of 
the large difference in the acoustic properties of water and air, the pressure field is actually 
doubled at the surface of the water, resulting in a 6 dB increase in pressure level at the surface.  
Within the direct-refracted cone, the in-air sound transmission paths are affected both by 
geometric spreading and by the effects of refraction. 

In shallow water within the direct transmission cone, the directly transmitted sound energy is 
generally greater than the energy contribution from bottom reflected paths.  At horizontal 
distances greater than the water depth, the energy transmitted by reflected paths becomes 
dominant, especially in shallow water.  The ratio of direct to reverberant energy depends on the 
bottom properties.  For hard bottom conditions the reverberant field persists for longer ranges 
than the direct field.  However, with increasing horizontal distance from the airborne source, 
underwater sound diminishes more rapidly than does the airborne sound. 

Near the surface, the laterally transmitted pressure from the airborne sound is transmitted 
hydrostatically underwater.  Beyond the direct transmission cone this component can produce 
higher levels than the underwater-refracted wave.  However, the lateral component is very 
dependent on frequency and thus on acoustic wavelength.  The level received underwater is 
20 dB lower than the airborne sound level at a depth equal to 0.4 wavelength. 

For this application, it is necessary to have an analytical model to predict the total acoustic 
exposure level experienced by marine mammals near the surface and at depth near the path of 
an aircraft overflight.  Malme and Smith (1988) described a model to calculate the acoustic 
energy at an underwater receiver in shallow water, including the acoustic contributions of both 
the direct sound field (Urick, 1972) and a depth-averaged reverberant sound field (Smith, 1974). 
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Figure G-5.  Characteristics of Sound Transmission through Air-Water Interface 

 
 
In the present application, the Urick (1972) analysis for the lateral wave field was also included 
to predict this contribution.  The paths of most concern for this application are the direct-
refracted path and the lateral path.  These paths will likely determine the highest sound level 
received by mammals located nearly directly below a passing airborne source and mammals 
located near the surface, but at some distance away from the source track.  In shallow areas 
near shore, bottom-reflected acoustic energy will also contribute to the total noise field, but it is 
likely that the direct-refracted and lateral paths will make the dominant contributions.1 

Figure G-6 shows an example of the model prediction for a representative source-receiver 
geometry.  The transmission loss (TL) for the direct-refracted wave, the lateral wave, and their 
resultant energy-addition total is shown.  Directly under the aircraft, the direct-refracted wave is 
seen to have the lowest TL.  For the shallowest receiver at a 3-ft depth, the lateral wave is seen to 
become dominant at about a horizontal range of 40 ft.  Beyond this point the underwater level is 
controlled by the sound level in the air directly above the receiver and follows the same decay 
slope with distance.  For the deeper receiver at 10 ft, the lateral wave does not become dominant 
until the horizontal range is about 130 ft.  When sound reaches the receiver via the direct-refracted 
path, it decays at about 12 dB/distance doubled (dd), consistent with a surface dipole source.  In 
                                                 
1The bottom-reflected reverberant sound field section of this model for offshore applications requires detailed 
knowledge of bottom slope and bottom composition.  In view of the requirements of this application, this level of 
detail is not appropriate and the reflected path subroutine was not used. 



 
Appendix G Overview of Airborne and Underwater Acoustics 

 

G-14 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
 

contrast, when the sound reaches the receiver via the lateral path, it decays at about 6 dB/dd, 
consistent with the airborne monopole source.  Underneath the aircraft, the drop in sound level with 
depth change from 3 to 10 ft is only about 2 dB, but beyond about 200 ft, a 12 dB drop occurs for 
the same change in depth. 

 

Figure G-6.  Transmission Loss of Noise through Air-Water Interface,  
Comparison of Direct-Refracted, Lateral and Combined TL Components 

 
Figures G-7A-C illustrate the interaction between the various parameters for different sets of 
variables.  For clarity, only the total transmission loss curves are shown in these figures.  Figure 
G-7A shows the influence of frequency (wavelength) change on transmission loss.  Here the 
loss at a depth of 3 ft can be seen to increase significantly with frequency in the region where 
the lateral wave is dominant.  Thus marine mammals near the surface will benefit from high-
frequency attenuation when they are not directly below the source track.  Figure G-7B shows 
the change in TL with receiver depth for low-frequency sound.  Near the source track, a 6 dB 
drop in level occurs for a change in depth from 1 to 30 ft, but beyond a horizontal range of 
200 ft, there is a 20 to 30 dB drop in level for the same change in receiver depth.  Note, 
however, that for an increase in depth from 30 to 300 ft, the received level increases because of 
the effective source directionality.  Figure G-7C shows the effect of increasing the aircraft 
altitude.  In this case the region near the source track is affected the most with about a 38 dB 
drop in level for an altitude change of 50 ft to 5,000 ft.  At a horizontal range of 200 ft, this drop 
is about 20 dB, with a decrease to 15 dB at 500 ft. 

For a passing airborne source, received level at and below the surface diminishes with 
increasing source altitude, but the duration of exposure increases.  The maximum received 
levels at and below the surface are inversely proportional to source altitude, but total noise 
energy exposure is inversely proportional to the product of source altitude and speed because 
of the link between altitude and duration of exposure. 
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Figure G-7A.  Air-Water Transmission Loss vs. Frequency 
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Figure G-7B.  Air-Water Transmission Loss vs. Receiver Depth 
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Figure G-7C.  Air-Water Transmission Loss vs. Aircraft Altitude 

 
 
In summary, airborne sound does not, in general, transmit well into the water because of the 
difference in sound speeds between air and water.  If the sound reaches the surface at an angle 
more than 13° from vertical, the sound is generally reflected rather than transmitted into the 
water.  While scattering from waves also facilitates sound entering the water, in the ocean this is 
also somewhat offset by bubbles at the surface introduced by breaking waves.  A 13° cone from 
the source’s altitude to the ocean’s surface traces a “footprint” along the source’s flight, but as 
size of the footprint increases with altitude, the sound level reaching the ocean surface 
decreases as a result of transmission loss through the air.    

G.3.1 SUPERSONIC SOURCES 
While sonic booms are not always heard at the surface, if present, a sonic boom footprint 
produced by a supersonic aircraft in level flight at constant speed traces a hyperbola on the sea 
surface.  The apex of the hyperbola moves at the same speed and direction as the aircraft with 
the outlying arms of the hyperbola traveling at increasing oblique angles and slower speeds until 
the boom shock wave dissipates into a sonically propagating pressure wave at large distances 
from the flight path.  The highest boom overpressures at the water surface are produced directly 
below the aircraft track.  In this region the pressure-time pattern is described as an “N-wave” 
because of its typical shape.  Aircraft size, shape, speed, and altitude determine the peak shock 
pressure and time duration of the N-wave.  The incidence angle of the N-wave on the water 
surface is determined by the aircraft speed ( i.e., for Mach 2 the incidence angle is 45).  Thus for 
aircraft in level flight at speeds less than about Mach 4.3, the N-wave is totally reflected from the 
surface.  Dives and other maneuvers at supersonic speeds of less than Mach 4.3 can generate 
N-waves at incidence angles that are refracted into the water, but the water source regions 
affected by these transient events are limited.  Since the aircraft, missiles, and targets used in 
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range activities generally operate at less than Mach 4.3, sonic boom penetration into the water 
from these sources occurs primarily by lateral (evanescent) propagation.  Analyses by Sawyers 
(1968) and Cook (1969) have shown that the attenuation rate (penetration) of the boom 
pressure wave is related to the size, altitude and speed of the source vehicle.  The attenuation 
of the N-wave is not related to the length of the signature in the simple way that the lateral wave 
penetration from subsonic sources is related to the dominant wavelength of their signature.  
Specific examples will be given for the supersonic vehicles used in range tests as appropriate in 
this EIS/OEIS. 

G.4 UNDERWATER SOUND CHARACTERISTICS 

Many of the general characteristics of sound and its measurement were discussed in the 
introduction to airborne noise characteristics.  This section expands on this introduction to 
summarize the properties of sound underwater that are relevant to understanding the effects of 
range activities on the underwater marine environment in the HRC area.  Since the effect of 
underwater sound on human habitat is not an issue (except perhaps for divers), the primary 
environmental concern that is addressed is the potential impact on marine mammals. 

G.4.1 UNITS OF MEASUREMENT 
The reference level for airborne sound is 20 μPa, consistent with the minimum level detectable 
by humans.  For underwater sound, a reference level of 1 μPa is used because this provides a 
more convenient reference and because a reference based on the threshold of human hearing 
in air is irrelevant.  For this reason, as well as the different propagation properties of air and 
water, it is not meaningful to compare the levels of sound received in air (measured in dB re 20 
μPa) and in water (in dB re 1 μPa) without adding the 26 dB correction factor to the airborne 
sound levels. 

G.4.2 SOURCE CHARACTERISTICS 
The most significant range-related sources of underwater sound operating on the HRC are the 
ships used in Anti-Submarine Warfare Exercises.  Because of their slow speed compared to 
most of the airborne sources considered in the last section, they can be considered to be 
continuous sound sources.  The primary underwater transient sound sources are naval gunfire, 
aircraft delivered bombs and gunfire, missile launches, and water surface impacts from missiles 
and falling debris.  All sources are subsonic or stationary in water.  While supersonic underwater 
shock waves are produced at short ranges by underwater explosions, no sources operate at 
supersonic speeds in water. 

G.4.3 UNDERWATER SOUND TRANSMISSION 
Airborne sources transmit most of their acoustic energy to the surface by direct paths which 
attenuate sound energy by spherical divergence (spreading) and molecular absorption.  For 
sound propagating along oblique paths relative to the ground plane, there may also be 
attenuation (or amplification) by refraction (bending) from sound speed gradients caused by 
wind and temperature changes with altitude.  There may also be multipath transmission caused 
by convergence of several refracted and reflected sound rays, but this is generally not important 
for air-to-ground transmission.  However, for underwater sound, refracted and multipath 
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transmission is often more important than direct path transmission, particularly for high-power 
sound sources capable of transmitting sound energy to large distances. 

A surface layer sound channel often enhances sound transmission from a surface ship to a 
shallow receiver in tropical and mid-latitude deep-water areas.  This channel is produced when 
a mixed isothermal surface layer is developed by wave action.  An upward refracting sound 
gradient, produced by the pressure difference within the layer, traps a significant amount of the 
sound energy within the layer (Sound travels faster with increasing depth.)  This results in 
cylindrical rather than spherical spreading.  This effect is particularly observable at high 
frequencies where the sound wavelengths are short compared to the layer depth.  When the 
mixed layer is thin or not well defined, the underlying thermocline may extend toward the 
surface, resulting in downward refraction at all frequencies and a significant increase in 
transmission loss at shorter ranges where bottom reflected sound energy is normally less than 
the directly transmitted sound component.   

In shallow water areas sound is trapped by reflection between the surface and bottom 
interfaces.  This often results in higher transmission loss than in deep water because of the loss 
that occurs with each reflection, especially from soft or rough bottom material.  However, in 
areas with a highly reflective bottom, the transmission loss may be less than in deep water 
areas since cylindrical spreading may occur. 

The many interacting variables involved in prediction of underwater transmission loss have led 
to the development of analytical and computer models.  One or more of these models will be 
used in analyzing the potential impact of the underwater sound sources in the range areas. 

G.4.4 UNDERWATER AMBIENT SOUND 
For Hawaii, Au et al., (2000) have demonstrated that ambient sound pressure levels during the 
peak of humpback whale “season” (specifically between mid-February and mid-March) are 
approximately 120 dB re µ1 Pa with spectral peaks at 315 Hz and 630 Hz.  For the ocean in 
general, above 500 Hz, deep ocean ambient sound is produced primarily by wind and sea state 
conditions.  Below 500 Hz, the ambient sound levels are strongly related to ship traffic, both 
near and far.  In shallow water near continents and islands, surf is also a significant factor.  
Wenz (1962) and Urick (1983) are among many contributors to the literature on underwater 
ambient sound.  Figure G-8, based on these two sources, was adapted by Malme et al. (1989) 
to show ambient sound spectra in 1/3-octave bands for a range of sea state and ship traffic 
conditions.   
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Figure G-8.  Underwater Ambient Sound 
Wind 
On a 1/3-octave basis, wind-related ambient sound in shallow water tends to peak at about 
1 kHz (see Figure G-8).  Levels in 1/3-octave bands generally decrease at a rate of 3 to 4 dB 
per octave at progressively higher frequencies and at about 6 dB per octave at progressively 
lower frequencies.  Sound levels increase at a rate of 5 to 6 dB per doubling of wind speed.  At 
a frequency of about 1 kHz, maximum 1/3-octave band levels are frequently observed at 95 dB 
referenced to 1 μPa for sustained winds of 34 to 40 knots and at about 82 dB for winds in the 
7 to 10 knot range.  Wave action and spray are the primary causes of wind-related ambient 
sound; consequently, the wind-related noise component is strongly dependent on wind duration 
and fetch as well as water depth, bottom topography, and proximity to topographic features 
such as islands and shore.  A sea state scale, which is related to sea surface conditions as a 
function of wind conditions, is commonly used in categorizing wind-related ambient sound.  The 
curves for wind-related ambient sound shown in Figure G-8 are reasonable averages, although 
relatively large departures from these curves can be experienced depending on site location 
and other factors such as bottom topography and proximity to island or land features. 

Surf  
Very few data have been published relating specifically to local sound levels due to surf in 
offshore areas along mainland and island coasts.  Wilson et al. (1985) present underwater 
sound levels for wind-driven surf along the exposed Monterey Bay coast, as measured at a 
variety of distances from the surf zone.  Wind conditions varied from 25 to 35 knots.  They vary 
from 110 to 120 dB in the 100 to 1,000 Hz band at a distance of 650 ft from the surf zone, down 
to levels of 96 to 103 dB in the same band 4.6 nm from the surf zone.  Assuming that these 
levels are also representative near shorelines in the HRC area, surf sound in the 100 to 500 Hz 
band will be 15 to 30 dB above that due to wind-related noise in the open ocean under similar 
wind speed conditions.   



 
Appendix G Overview of Airborne and Underwater Acoustics 

 

G-20 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
 

Distant Shipping 
The presence of a relatively constant low-frequency component in ambient sound within the 10 
to 200 Hz band has been observed for many years and has been related to distant ship traffic 
as summarized by Wenz (1962) and Urick (1983).  Low-frequency energy radiated primarily by 
cavitating propellers and by engine excitation of the ship hull is propagated efficiently in the 
deep ocean to distances of 100 nm or more.  Higher frequencies do not propagate well to these 
distances due to acoustic absorption.  Also, high-frequency sounds radiated by relatively nearby 
vessels will frequently be masked by local wind-related sound.  Thus, distant shipping 
contributes little or no sound at high frequency.  Distant ship-generated low-frequency sound 
incurs more attenuation when it propagates across continental shelf regions and into shallow 
offshore areas than occurs in the deep ocean. 

Figure G-8 also provides two curves that approximate the upper bounds of distant ship traffic 
sound.  The upper curve represents the sound level at sites exposed to heavily used shipping 
lanes.  The lower curve represents moderate or distant shipping sound as measured in shallow 
water.  As shown, highest observed ambient sound levels for these two categories are 102 dB 
and 94 dB, respectively, in the 60 to 100 Hz frequency range.  In shallow water the received 
sound level from distant ship traffic can be as much as 10 dB below the lower curve given in 
Figure G-8, depending on site location on the continental shelf.  In fact, some offshore areas can 
be effectively shielded from this low-frequency component of shipping sound due to sound 
propagation loss effects. 

Note that the shipping sound level curves shown in Figure G-8 show typical received levels 
attributable to distant shipping.  Considerably higher levels can be received when a ship is 
present within a few miles. 

G.4.5 MARINE MAMMAL SOUND METRICS 
Sound received at and below the sea surface is relevant to marine mammals and some other 
marine animals at sea.  The spectral composition and overall level of each airborne noise 
source must both be considered in assessing potential impacts on marine mammals present at 
sea in the HRC.  As described earlier, the most significant sources are low-flying aircraft and 
their related weapons, naval gunfire, targets, missiles, and debris impacts.  Brief sound 
transients or impulses from surface missile launches, low level explosions, and gunfire may also 
be important during training. 

Aircraft spectrum information was obtained from the U.S. Air Force Armstrong Laboratory for 
various aircraft types (Air Force Aerospace Medical Research Laboratory, 1990).  Data for some 
additional types of aircraft occasionally used on the HRC were also included.  The information 
obtained is summarized in the 1/3-octave band spectra shown in Figure G-9A (for fighter and 
attack aircraft), Figure G-9B (selected HRC aircraft), and Figure G-9C (helicopters).  Most of 
these spectra represent received levels near the surface during overflights at 1,000 ft above sea 
level under standard atmospheric conditions (59° F, 70 percent relative humidity).  The data 
shown in this standard format can be adjusted for different aircraft altitudes and other 
atmospheric attenuation conditions—an important consideration at high frequencies.  
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Figure G-9A.  Noise Spectra:  Fighter and Attack Aircraft 

 

Figure G-9B.  Noise Spectra:  Selected HRC Aircraft 
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Figure G-9C.  Noise Spectra:  Helicopters 

 
The aircraft spectra can be compared to the shapes and quantitative features of marine 
mammal audiograms, when known, to determine the weighting functions and overall level 
adjustments needed to estimate the perceived overall levels produced during close encounters.  
These levels can then be compared to known or assumed impact thresholds to determine 
whether a detailed analysis is needed.  If a detailed analysis is indicated, then contour plots can 
be calculated to estimate the total number of animals potentially affected by an encounter 
scenario. 

G.4.6 SONIC BOOM PROPAGATION INTO THE WATER 
Aircraft Overflights 
Supersonic activities in the HRC result in sonic boom penetration of the water in the operating 
area.  Boom signatures were estimated using the Air Force’s PCBOOM3 model to determine 
the potential for sound impacts near or at the surface.  The F-4 fighter was used in this analysis 
since it is representative of aircraft using the range.  Table G-4 shows the underwater boom 
parameters at locations near the water surface together with the estimated attenuation rate of 
peak pressure with depth using a method developed by Sawyers (1968). 
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Table G-4. Underwater Sonic Boom Parameters for F-4 Overflight 

Sonic Boom Parameters  Depth Peak Pressure Loss (feet) 

Speed Alt. (feet) T (msec)  Lp (1µPa) CSEL ASEL 6 dB 10 dB 20 dB 

M1.2 10,000 103 168.0 143.9 129.6 11.5 24.6 68.9 

M1.2 5,000 88 179.9 148.8 134.3 9.8 21.3 59.7 

M1.2 1,000 64 182.9 159.1 145.6 6.9 15.1 42.6 

M2.2 1,000 44 186.7 163.1 149.7 9.7 21.0 58.4 

Source:  Ogden Environmental, 1997. 
 
 
Missile and Target Overflights 
Low-level supersonic target and missile flights also produce significant sounds underwater from 
sonic booms.  Specific data are not available for the Vandal target under normal flight conditions 
at low altitudes of 100 ft down to 20 ft.  The required sonic boom estimates were made using a 
method developed by Carlson (1978) and adapted for model-based analysis by Lee and 
Downing (1996).  This analysis assumes that the essential boom signature is a simple “N-wave” 
as is typically measured for supersonic aircraft passing at high altitudes (hundreds of feet).  At 
lower altitude overflights, which are of interest here, the pressure contributions from the shape 
variations on the aircraft body and wings become observable, and at very low altitudes the 
signature is no longer a simple N-wave.   

The acoustic impact analysis requires estimates of both the peak pressure level produced by a 
Vandal boom and the total sound energy exposure.  The peak pressure level produced at close 
range (near field) can be influenced by contributions from minor peaks in the waveform.  A 
relevant study by McLean and Shrout (1966) made a comparison of near-field boom waveforms 
calculated with appropriate near-field theory with waveforms predicted by far-field theory for 
representative aircraft.  The results showed that the peaks predicted by the near-field theory 
were generally about 10 percent lower than those predicted at the same range by far-field 
theory.  Thus in this application, the use of the Carlson method would be expected to yield 
conservative results. 

The energy density spectrum and total sound energy exposure were estimated using Fourier 
analysis of the predicted N-wave to obtain the unweighted (flat) energy density spectrum and 
the F-SEL.  This spectrum was then A-weighted to estimate the A-SEL.  The A-SEL is about 
9 dB below the F-SEL.  On the issue of near-field effects, the change in frequency distribution of 
the pressure signature with distance must be considered.  The near-field signature has more of 
its energy in smaller shock waves associated with the details of the airframe (e.g., fins, fuselage 
changes in area, etc.).  The peaks associated with the far-field N signature have not yet fully 
developed so more of the acoustic energy appears at higher frequencies.  A coalescing process 
is caused by non-linear propagation of high-pressure sound in the atmosphere (sound travels 
faster at higher pressures) that occurs with distance as the sound wave propagates outward 
from the flight path.  Initially smooth high-pressure fluctuations compress into shock waves.  
Thus, because of the increased high-frequency content, the resulting total energy of a near-field 
signature measured at 20 ft would likely be reduced less by the A-weighting process than would 
the total energy of an N-wave approximation.  However, this difference is not be expected to be 



 
Appendix G Overview of Airborne and Underwater Acoustics 

 

G-24 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
 

more than 2 to 3 dB because of the large shifts in spectrum energy that would be required 
during propagation. 

An analytic model was developed to predict the boom signature produced by Vandal flights that 
used the Vandal dimensions and assumed a level flight at Mach 2.1 at various altitudes.  For an 
altitude of 20 ft, the predicted overpressure underwater at the surface is 300 pounds per square 
foot or 203 dB re 1 µPa with a boom duration of 4.8 milliseconds.  The peak level is estimated to 
be 10 dB lower at a depth of 1.5 ft and 20 dB lower at a depth of 5 ft, based on an analysis 
developed by Sawyers (1968). 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.2.  Programmatic Agreement—Navy Undertakings in Hawaii (Continued) 
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Appendix H.3.  Significant Archaeological and Historical Resources Identified within  
the Boundary of the Pacific Missile Range Facility 

Site 
No.* Description 

Inferred 
Function 

Historic 
Context Eligibility Evaluation 

National 
Register 
Criteria 

01-
0007 

“Major ancient burial ground;” habitation 
sites; within Nohili Dune (Site 01-1860) 

Habitation, 
burials 

Traditional 
Hawaiian Not relocated; but culturally sensitive — 

01-
0008 

Elekuna Heiau; inland side of Nohili 
Dune (Site 01-1860) Ceremonial 

Traditional 
Hawaiian Not relocated; but culturally sensitive — 

01-
0009 

House sites marked by “single rows of 
stone … or by low walls;” inland side of 
Nohili Dune (Site 01-1860) Habitation 

Traditional 
Hawaiian Not relocated — 

05-
0616 

Japanese cemetery; 34 headstones, 4 
stone piles of broken tomb markers; 
may extend to Site 05-0825 Burial Plantation Culturally sensitive cultural 

05-
0721 

Kawaiele (cross-listed as a historic 
structure; see Table ES-2) 

Cultural 
place 

Traditional 
Hawaiian/ 
plantation 

Cultural place; pond/marsh tied to traditions related to mirages, 
also used as a fishpond; an original iteration of the ditch said 
to have been constructed by menehune; important as key 
component of 19th century sugar industry cultural 

05-
0825 

Burials; unmarked coffin cemetery (5 
coffins); may be part of Site 05-0616; 
coffins uncovered during utility trenching Burial Plantation Culturally sensitive cultural 

05-
0826 

Habitation deposits, burial (disturbed) in 
dune 

Habitation, 
burial 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation of 
Mana Plain; culturally sensitive d 

05-
1829 

Extensive cultural deposit north of Nohili 
Ditch; includes human bone; 
radiocarbon dates; part of Site 05-1830 Habitation 

Traditional 
Hawaiian Significant, rich, extensive cultural deposit d 

05-
1830 

Cultural deposit exposed in south face 
of Nohili Ditch; part of Site 05-1829 Habitation 

Traditional 
Hawaiian Significant, rich, extensive cultural deposit d 

05-
1831 

Burial; found eroding out of dune; within 
Site 05-2035 area Burial 

Traditional 
Hawaiian Culturally sensitive cultural 

05-
1832 

Burial; found during construction of 
Range Operations Building (Fac. 105, 
about 450 m inland of coast); possibly 
Plantation period Burial 

Traditional 
Hawaiian?/ 
plantation? Culturally sensitive cultural 
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Appendix H.3.  Significant Archaeological and Historical Resources Identified within  
the Boundary of the Pacific Missile Range Facility (Continued)  

Site 
No.* Description 

Inferred 
Function 

Historic 
Context Eligibility Evaluation 

National 
Register 
Criteria 

05-
1833 

Burial (scattered bone fragments); found 
eroding out of dune; may be same as Site 
1885 Burial 

Traditional 
Hawaiian Culturally sensitive cultural 

05-
1834 

Burials; possibly 10 acres but extent of site 
and burials not professionally verified Burial 

Traditional 
Hawaiian Culturally sensitive cultural 

01-
1860 Nohili Dune Cultural place 

Traditional 
Hawaiian 

Cultural place; numerous traditions; site of Elekuna 
Heiau, habitation deposits; culturally sensitive cultural 

05-
1861 Kuaki`i (Pohaku) Cultural place 

Traditional 
Hawaiian 

Cultural place; story of stone image related to group of 
people going from Mana to Niihau cultural 

05-
1884 

Burial (partially articulated remains of single 
individual); found in dune Burial 

Traditional 
Hawaiian Culturally sensitive cultural 

05-
1885 

Burial (scattered bone fragments); found 
eroding from dune; associated with midden 
scatter; may be same as Site 05-1833 

Habitation, 
burials 

Traditional 
Hawaiian Culturally sensitive cultural 

05-
2003 Trash deposit Dump Plantation 

Potential for informing on use of beach areas during 
Plantation period d 

05-
2007 Concrete pillbox; similar to Site 05-2048 Defense WWII 

Associated with WWII development; defense against 
possible attack in early days of war; interpretive potential a, c 

01-
2008 Concrete box; related to Site 01-2050 Fuel delivery WWII 

Associated with early WWII development; fuel delivery 
through underwater pipeline from offshore tanker; 
example of poor design that was ultimately abandoned; 
interpretive potential a, c 

01-
2013 Concrete piers, metal gun turret 

Road 
barricade WWII 

Associated with WWII development; installation defense; 
metal gun turret has interpretive potential a 

01-
2017 

Midden deposit; inland location between North 
Nohili Road and PMRF boundary Habitation 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation 
of Mana Plain, particularly in wetlands area d 

01-
2019 Midden deposit Habitation 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation 
of Mana Plain d 

01-
2021 Midden deposit Habitation 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation 
of Mana Plain d 

05-
2023 Concrete box, possible pillbox Defense? WWII 

Associated with early WWII development; defense 
against possible attack? requires additional research a, c 

05-
2027 Midden deposit 

Habitation 
burials 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation 
of Mana Plain; culturally sensitive d 

05-
2028 Concrete structure (1), wooden structures (2) 

Gun 
emplacement WWII 

Associated with early WWII development; defense 
against possible attack a 
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Appendix H.3.  Significant Archaeological and Historical Resources Identified within  
the Boundary of the Pacific Missile Range Facility (Continued)  

Site 
No.* Description 

Inferred 
Function 

Historic 
Context Eligibility Evaluation 

National 
Register 
Criteria 

05-
2031 Midden deposit Habitation 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation of 
Mana Plain d 

05-
2032 

Revetment; remains of Fac. 442; built in 
1942; relatively intact Defense WWII 

Associated with early WWII development of airfield; 
defense against possible attack a 

05-
2033 Revetment; similar to Site 2032 Defense WWII 

Associated with early WWII development of airfield; 
defense against possible attack a 

05-
2034 Revetment; similar to Site 2032 Defense WWII 

Associated with early WWII development of airfield; 
defense against possible attack a 

05-
2035 Midden deposit 

Habitation 
burials 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation of 
Mana Plain; culturally sensitive d 

05-
2036 Revetment; similar to Site 2032 Defense WWII 

Associated with early WWII development of airfield; 
defense against possible attack a 

05-
2037 Revetment; similar to Site 2032 Defense WWII 

Associated with early WWII development of airfield; 
defense against possible attack a 

05-
2038 Revetment; similar to Site 2032 Defense WWII 

Associated with early WWII development of airfield; 
defense against possible attack a 

05-
2039 

Revetment; similar to Site 2032; but most 
of berm has been removed Defense WWII 

Associated with WWII development of airfield; defense 
against possible attack a 

05-
2040 Revetment; M-shaped Defense WWII 

Associated with WWII development of airfield; defense 
against possible attack a 

05-
2047 Concrete structures (2) 

Gun 
emplacement WWII 

Associated with early WWII development of airfield; 
defense against possible attack a 

05-
2048 

Concrete pillbox; similar to Site 01-2007 
and in better condition Defense WWII 

Associated with early WWII development of airfield; 
defense against possible attack; interpretive potential a, c 

01-
2050 Concrete tank; related to Site 01-2008 Fuel delivery WWII 

Associated with early WWII development; fuel delivery 
through underwater pipeline from offshore tanker; example 
of poor design that was ultimately abandoned; only four 
other tanks of this design built in Hawaii; only one that was 
bomb-proofed with 4 ft-4 in thick concrete slab; interpretive 
potential a, c 

05-
4016 Fire pit remnant; RC date Habitation 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation of 
Mana Plain d 

01-
6027 

Habitation deposit, midden scatter in 
dune; part of Nohili Dune (Site 01-1860) Habitation 

Traditional 
Hawaiian 

Potential for informing on traditional Hawaiian occupation of 
Mana Plain d 

Source:  International Archaeological Resources Institute, Inc., 2005 
* Site Number – Hawai‘i State Inventory Number (SIHP number) preceded by “50-30-”  
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Appendix H.4.  Significant Historic Buildings and Structures within the Boundary of the Pacific Missile Range Facility 
 

Facility 
Number  

Historic 
Context 
Period 

Original or Historic 
Function Integrity Eligibility Evaluation 

National 
Register 
Criteria 

 
MANAGEMENT CATEGORY I + 

300 BS ES-2b Cold War 
Operations and Crash 

Station 

All new interior finishes, but exterior has 
high level of integrity, despite small 
additions 

Associated with fighter interceptor 
defensive system, important in Cold 
War a 

3992 BS ES-2b WWII Radio Room 

High level—retains integrity of location, 
design, setting, materials, workmanship, 
feeling, association 

Associated with history of response to 
Dec. 7, 1941 attack; distinctive 
underground splinter-proof building a, c 

4003 BS ES-2c WWII Command Post 

High level—retains integrity of location, 
design, setting, materials, workmanship, 
feeling, association 

Associated with history of response to 
Dec. 7, 1941 attack; distinctive 
underground splinter-proof building a, c 

 
MANAGEMENT CATEGORY II + 

1 Kamokala WWII 
Bomb Storage Magazine 

(80' length) 

Relatively high level, despite sprayed 
concrete on walls and new concrete 
floors 

Associated with WWII base 
development; unique group of 
excavated magazines on Kauai  a, c 

2 Kamokala WWII 

Small Arms & 
Pyrotechnics Magazine 

(55' length) Same as Facility 1 Same as Facility 1 a, c 

3 Kamokala WWII 
Bomb Storage Magazine 

(80' length) Same as Facility 1 Same as Facility 1 a, c 

4 Kamokala WWII 
Bomb Storage Magazine 

(80' length) Same as Facility 1 Same as Facility 1 a, c 

5 Kamokala WWII 
Fuse Magazine 

(20' length) Same as Facility 1 Same as Facility 1 a, c 

6 Kamokala WWII 
Fuse Magazine 

(20' length) Same as Facility 1 Same as Facility 1 a, c 

7 Kamokala WWII 
Bomb Storage Magazine 

(80' length) Same as Facility 1 Same as Facility 1 a, c 

8 Kamokala WWII 
Bomb Storage Magazine 

(80' length) Same as Facility 1 Same as Facility 1 a, c 

9 Kamokala WWII 

Small Arms & 
Pyrotechnics Magazine 

(55' length) Same as Facility 1 Same as Facility 1 a, c 
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Appendix H.4.  Significant Historic Buildings and Structures within the Boundary of the Pacific Missile Range Facility 
(Continued) 

Facility 
Number  

Historic 
Context 
Period 

Original or Historic 
Function Integrity Eligibility Evaluation 

National 
Register 
Criteria 

10 Kamokala WWII 
Bomb Storage Magazine 

(80' length) Same as Facility 1 Same as Facility 1 a, c 

284 BS ES-2b WWII Telephone Exchange 

Medium level—some interior walls and 
doors removed.  It retains integrity of 
location, setting, (overall) materials, 
feeling, association 

Associated with history of response to 
Dec. 7, 1941 attack; distinctive 
underground splinter-proof building a, c 

350 BS ES-2b WWII Command Post 

Medium level—retains integrity of 
location, design, setting, materials, 
workmanship, feeling, association, 
despite small addition and minor 
alterations 

Associated with history of response to 
Dec. 7, 1941 attack; distinctive 
underground splinter-proof building a, c 

387 Port Allen 
Plantation 

Period Warehouse 

Relatively high level—retains integrity of 
location, design, setting, workmanship, 
feeling, and association 

Associated with history of harbor 
development and McBryde Sugar 
Company, and, thus, with the economic 
history of Kauai. a 

05-0721 
(SIHP 
no.) BS ES-2c 

Plantation 
Period 

Kawaiele Ditch ** 
 

Integrity uncertain, due to lack of 
information, drawings, or photos of 
original alignment & dimensions 

Associated with history of Kekaha 
Sugar Co. and changes in agricultural 
uses of land on west Kauai in the 19th 
and 20th centuries a 

no # BS ES-2c 
Plantation 

Period Kinikini Ditch ** 

Integrity uncertain, due to lack of 
information, drawings, or photos of 
original alignment & dimensions 

Associated with history of Kekaha 
Sugar Co. and changes in agricultural 
uses of land on west Kauai in the 20th 
century a 

no # BS ES-2c 
Plantation 

Period 
Nohili Ditch ** 

 

Integrity uncertain, due to lack of 
information, drawings, or photos of 
original alignment & dimensions 

Associated with history of Kekaha 
Sugar Co. and changes in agricultural 
uses of land on west Kauai in the 20th 
century a 

 
MANAGEMENT CATEGORY III + 

101 BS ES-2b Cold War 
Regulus missile 

assembly & storage 

Minimal level of integrity—retains 
integrity of location, setting, materials, 
association, despite numerous additions 

Associated with offensive weapon 
system important in Cold War  a 
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Appendix H.4.  Significant Historic Buildings and Structures within the Boundary of the Pacific Missile Range Facility 
(Continued) 

Facility 
Number  

Historic 
Context 
Period 

Original or Historic 
Function Integrity Eligibility Evaluation 

National 
Register 
Criteria 

104 — Cold War 

Dehumidified Aircraft 
Storage Container 
(Regulus missile 

storage) 

Relatively high level of integrity—not 
known if openings original; no 
renovation drawings in Navy files 

Associated with offensive weapon 
system important in Cold War a 

158 BS ES-2b Cold War 

Dehumidified Aircraft 
Storage Container 
(Regulus missile 

storage) 

Medium level of integrity—roll-up doors 
are recent; date of other openings not 
known; no renovation drawings in Navy 
files 

Associated with offensive weapon 
system important in Cold War a 

324 BS ES-2b Cold War 
Hawaii Air National 
Guard Mess Hall 

Relatively high level of integrity—retains 
integrity of location, design, setting, 
workmanship, feeling, association 

Associated with history of HANG Cold 
War alert interceptor deployments a 

372 — Cold War 

Hawaii Air National 
Guard (HANG) War 
Readiness Material 

Equipment (Vehicles) 
Storehouse 

Relatively high level of integrity—retains 
integrity of location, design, setting, 
workmanship, feeling, association 

Associated with history of HANG Cold 
War alert interceptor deployments a 

Source:  International Archaeological Resources Institute, Inc., 2005 
* Location as shown in the PMRF Integrated Cultural Resources Management Plan (2005) 
+ Management Categories I, II, and III are defined in Section III.5 of the PMRF Integrated Cultural Resources Management Plan (2005)  
** More research needed, tentatively categorized as Category II 
SIHP Number – Hawai‘i State Inventory Number 
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Appendix H.5.  Traditional Hawaiian Sites Identified within the Boundary of the Pacific Missile Range Facility 

Site No. * Description 
Inferred 
Function 

Environ 
Zone 

Recommended 
National Register 

Criteria 
Level of 
Study References 

01-0007 
“Major ancient burial ground;” habitation sites; located 
in Nohili Dune (Site 01-1860) 

Habitation 
burials Dune — Survey  

Bennett 1931 
Soehren 1965-67 

Ching 1974 
Drolet et al. 1996 

01-0008 
Elekuna Heiau; inland side of Nohili Dune (Site 01-
1860) Ceremonial Dune — Survey  

Thrum 1907 
Bennett 1931 
Ching 1974 

01-0009 
House sites marked by “single rows of stone … or by 
low walls;” inland side of Nohili Dune (Site 01-1860) Habitation Dune — Survey  

Bennett 1931 
Ching 1974 

01-0652 Mound Agricultural 
Inland 
edge ns 

Survey 
shovel test McGerty/Spear 1997b 

01-0653 Mounds (7) Agricultural 
Inland 
edge ns 

Survey 
shovel test McGerty/Spear 1997b 

01-0657 Terrace complex Agricultural 
Inland 
edge ns 

Survey 
shovel test McGerty/Spear 1997b 

05-0826 Habitation deposits, burial (disturbed) in dune 
Habitation 

burials Dune d Survey 
Soehren 1965-67 
Drolet et al. 1996 

05-1829 

Extensive cultural deposit north of Nohili Ditch; 
includes human bone; radiocarbon dates; part of Site 
05-1830 Habitation Dune d 

Survey 
shovel test 

trench 
test pit 

 

Soehren 1965-67 
ASI 1990b 

Gonzalez 1991b 
Williams 1996 

Drolet et al. 1996 
Drolet 1999 

PACDIV 2002c 

05-1830 
Cultural deposit exposed in south face of Nohili Ditch; 
part of Site 05-1829 Habitation Dune d 

Survey 
shovel test 

test pit 

Kikuchi 1979 
Drolet et al. 1996 

Drolet 1999 

05-1831 
Burial; found eroding out of dune; falls within Site 05-
2035 boundary Burial Dune Cultural Reported 

Inouye n.d. 
Drolet et al. 1996 

05-1832 

Burial; found during construction of Facility 105, 
Range Operations Building (about 450 m inland of 
coast); possibly plantation origin  Burial Dune Cultural Reported 

Inouye n.d. 
Drolet et al. 1996 

05-1833 
Burial (scattered bone fragments); found eroding out 
of dune; may be same as Site 05-1885 Burial Dune Cultural Survey 

Inouye n.d. 
Drolet et al. 1996 
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Appendix H.5.  Traditional Hawaiian Sites Identified within the Boundary of the Pacific Missile Range Facility (Continued) 

Site No. * Description 
Inferred 
Function 

Environ 
Zone 

Recommended 
National 

Register Criteria 
Level of 
Study References 

05-1834 
Burials; possibly 10 acres but nature of burials 
and size of site never verified Burial Dune Cultural Reported 

Inouye n.d. 
Drolet et al. 1996 

01-1860 

Nohili Dune; includes Sites 01-0007 (dune 
burials and camps between Polihale and Nohili), 
01-0008 (Elekuna Heiau), and 01-0009 (house 
sites on inland side of Nohili Dune). 

Habitation 
ceremonial 

burial? Dune Cultural 
Reported 

survey 

Thrum 1907 
Bennett 1931 

Soehren 1965-67 
Ching 1974 

Drolet et al. 1996 

05-1861 Kuaki‘i (pohaku) Place Off-shore Cultural Reported 
Aipoalani 1991 
Kilauano 1991 

05-1884 

Burial (partially articulated remains of single 
individual); found in dune within Site 05-2035 
area Burial Dune Cultural Survey Drolet et al. 1996 

05-1885 

Burial (scattered bone fragments); found eroding 
from dune; associated with midden scatter; may 
be same as Site 05-1833 

Habitation 
burials Dune Cultural Survey Drolet et al. 1996 

01-2017 
Midden deposit; surface scatter; adze frag in root 
throw Habitation 

Back 
beach 
marsh 
edge d Survey Wulzen et al. 1997 

01-2019 
Midden deposit, between Nohili Dune and Nohili 
Site Habitation Dune d Survey Wulzen et al. 1997 

01-2021 
Midden deposit, between Nohili Dune and Nohili 
Site Habitation Dune d Survey Wulzen et al. 1997 

05-2027 Midden deposit 
Habitation 

burials Dune d Survey Wulzen et al. 1997 
05-2031 Midden deposit Habitation Dune d Survey Wulzen et al. 1997 

05-2035 
Midden deposit; 900 m long dune deposit; 
includes Sites 05-1831, 05-1884 

Habitation 
burials Dune d Survey Wulzen et al. 1997 

05-4016 
Fire pit remnant; RC date; layer of origin contains 
no cultural material Habitation Dune d Test pit 

Sweeney 1994 
Drolet et al. 1996 

01-6027 Midden deposit; surface scatter in dune Habitation Dune d Survey 
Nagata 1994 

Wulzen et al. 1997 
Source:  International Archaeological Resources Institute, Inc., 2005 

               * Site Number – Hawaii State Inventory Number (SIHP number) preceded by “50-30-”  
   ns = not significant 
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Appendix H.6.  Archaeological Sites at Marine Corps Training Area–Bellows from 2005 
MCBH Integrated Cultural Resources Management Plan 
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Appendix H.6.  Archaeological Sites at Marine Corps Training Area–Bellows from 2005 
MCBH Integrated Cultural Resources Management Plan (Continued) 
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Appendix H.6.  Archaeological Sites at Marine Corps Training Area–Bellows from 2005 
MCBH Integrated Cultural Resources Management Plan (Continued) 

 

 

Source: U.S. Army Corps of Engineers, Honolulu Engineer District, 2005 
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Appendix H.7.  Army Programmatic Agreement—Makua 
 

Content of the Programmatic Agreement between the United States Army, the Hawai`i 
State Historic Preservation Officer, and the Advisory Council on Historic Preservation for 

the Protection and Mitigation of Impacts to Cultural Resources  
at the Mauka Military Reservation 

 
Source:  Supplemental Environmental Assessment for Routine Training at Makua Military Reservation 

and PFC Pilila`au Range Complex Hawai`I, May 2001 (The Onyx Group, 2001) 
 

4.11.2  Cultural Resources Component of the Proposed Action  
 
On September 18, 2000, a Section 106 PA was finalized with the SHPO and the Advisory 
Council on Historic Preservation (ACHP). This PA was developed in consultation with Native 
Hawaiian groups and regulatory agencies over a period of two years. It contains specific 
programs and efforts to protect and mitigate impacts to cultural resources at Makua.    
 
The PA for Section 106 responsibilities required additional surface surveys of all training and 
training related activity areas and the initiation of a survey for Traditional Cultural Places (TCP) 
before training in its proposed modified form could begin. The surface survey of the entire action 
area has been completed and the report is being reviewed by the SHPO. A contract for the TCP 
survey was awarded in FY 2000 and is ongoing. In addition, the target objectives have been 
changed and other actions have been implemented to de-conflict training and archaeological 
sites. There are 17 archaeological sites within the proposed training area that will be additionally 
protected by the measures outlined below. Twenty-five percent of the lands at Makua have 
been surveyed for the presence of archaeological sites. Areas outside the south firebreak road 
(with the exception of the bivouac area) cannot be surveyed because of the presence of 
unexploded ordnance. The remaining portion of MMR that may contain historic artifacts is 
unsafe to survey, without extensive UXO detection [usually preceded by a controlled burn, 
which also threatens endangered species] and demolition by Explosive Ordnance Disposal 
experts. The proposed maneuver corridor, the small arms target objectives and the 
mortar/artillery objectives have been surveyed for both surface and subsurface sites. The area 
of the 1994 CCAAC modifications was cleared of overburden by bulldozers; subsurface 
deposits, if present, were examined by archaeologists. The completion of these actions 
mitigates the potential effects of training on cultural sites to no significant impact.    
 
In addition, to the above actions which permit resumption of training with no significant impact, 
the Army will undertake other longer term conservation measures in accordance with the PA. 
The PA for Section 106 compliance over the next five years is appropriate for projects where 
effects are difficult to define in advance, that would take place over a relatively long period of 
time, or that involve the routine management of federal installations, facilities, or property.   
 
The additional stipulations of the Makua PA for Section 106 responsibilities for routine training 
are as follows:   
 
•  Additional sub-surface surveys will be done within the training area circumscribed by the 

south firebreak road. These surveys will be done south of the main live-fire maneuver 
corridors within the CCAAC. The live-fire maneuver corridors have been surveyed in the 
past and contain no further subsurface features. Surveys outside the proposed training 
area will be done as needed after further Section 106 consultation. The presence of UXO 
in these areas makes survey hazardous. Also, according to the PA, detonation of UXO 
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outside the training area or close to existing sites is subject to consultation under the 
agreement.   

 
•  An annual status report would be provided to the SHPO, the ACHP, and consulting 

native/indigenous Hawaiian organizations to review implementation of the PA and 
determine whether amendments are needed.    

 
•  The Army would identify native/indigenous Hawaiian organizations, groups, families, and 

individuals that may ascribe traditional religious and cultural importance to historic 
properties at Makua. The Office of Hawaiian Affairs and Hui Malama I Na Kupuna O 
Hawaii Nei would be considered interested parties for the purposes of Section 106 
consultation and review.   

 
•  Expanded education of Army personnel in cultural resource awareness and protection, as 

well as avoidance of cultural resources during training, will be undertaken. Instruction 
could include field trips, classroom training, and printed literature. This information is also 
included in the cultural resources annex of the range standing operating procedure.    

 
•  The Army will actively seek to identify and evaluate cultural resources at Makua. The 

identification plan is based on a five-year schedule, prioritized according to the potential 
for the presence of cultural resources and frequency of training activities.   

 
•  A database will be prepared using existing cultural data and will be revised as new 

information becomes available.    
 
•  Geographical information system (GIS) mapping of resource locations will be prepared 

and distributed to the Hawaii SHPO and native Hawaiian groups if requested.    
 
•  Cultural resources will be monitored to identify effects from training. For the first year a 

qualified archeologist will do the monitoring whenever a unit departs the training area 
immediately following the training exercise. Monitoring records will be kept and included in 
the annual report to the Hawaii SHPO.   

 
•  Cultural resources will be protected from damage during training exercises. Protection 

measures include managing resources in place as exclusion areas without barriers, 
establishing physical barriers, and data recovery. Routine detonation of UXO within the 
training area does not require consultation.   

 
•  The Cultural Resources Manager will work with the Wildland Fire Manager to develop 

acceptable fire containment/control strategies to suppress wildfires while at the same time 
protecting cultural resources. This coordination will occur during site planning preparation 
and pre-season fire suppression operations.    

 
In 1998, the Army began a program in cooperation with members of the Waianae community to 
open Ukanipo Heiau to native Hawaiian religious practitioners under the American Indian 
Religious Freedom Act of 1978. Meetings took place over a period of two and a half years, 
culminating in a PA signed in October 2000, giving access to Ukanipo Heiau to members of the 
native Hawaiian community. This access is independent of training activities in the valley. 
Access to other sites within the valley has been given on a case-by-case basis as is consistent 
with training and safety concerns. The potential for increased access to other sites within Makua 
is being examined. 
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Appendix H.8.  Identified Archaeological Sites in the Makua Valley 
 

Site 
No.+ Site Description Source 

Report 
Date 

178 Kumuakuopio Heiau* McAllister  1933 
179 Fishing Shrine* McAllister 1933 
180 Kaahihi Heiau* McAllister 1933 
181 Heiau Ukanipo McAllister 1933 
182 Swimming Pool* McAllister 1933 

9518 Makua Trail Rosendahl 1977 
9520 Stone Walls and Enclosure Rosendahl 1977 
9521 Terraces Rosendahl 1977 
9522 Terraces and Walls Rosendahl 1977 
9523 Occupation Complex Rosendahl 1977 
9524 Occupation Complex Rosendahl 1977 
9525 Stacked Stone Wall Rosendahl 1977 
9526 Occupation Complex Rosendahl 1977 
9531 Stone Walls and Platforms Rosendahl 1977 
9532 Subsurface Deposit Rosendahl 1977 
9533 Large Platform Rosendahl 1977 
4627 Agricultural Complex Carlson et. al. 1993 
4629 Several Stone Mounds Carlson et. al. 1993 
4628 Stone Mound and Cupboard Carlson, et.al. 1993 
4630 Habitation Site Carlson, et.al. 1993 
4536# Stone Walls and Well Eble et. al. 1993 
4537# Complex of 14 Stone Walls Eble et. al. 1993 
4538# Enclosure and C-shape Eble et. al. 1993 
4539# Small Retaining Wall Eble et. al, 1993 
4540# Agricultural/Habitation Site Eble et. al. 1993 
4541# Kuleana Plots Eble et. al. 1993 

4542# Agricultural/Habitation Site 
Eble et. al.  
MMR DPW 

1993 
2000 

4543# Agricultural/Habitation Site 
Eble et. al.  
MMR DPW 

1993 
2000 

4544# Agricultural/Habitation Site 
Eble et. al.  
MMR DPW 

1993 
2000 

4545# Agricultural/Habitation Site Eble et. al. 1993 
4546# Enclosure/Platform/Possible Heiau Eble et. al. 1993 
4547# Agricultural Complex-Historic Eble et. al. 1993 
5456# Subsurface Habitation Features Williams and Patolo 1998 
5587# Agricultural/Habitation Site Williams and Patolo 1998 
5588# Agricultural/Habitation Site Williams and Patolo 1998 
5589# Agricultural/Habitation Site Williams and Patolo 1998 
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Appendix H.8.  Identified Archaeological Sites in the Makua Valley (Continued) 
 

Site 
No.+ Site Description Source 

Report 
Date 

5590# Agricultural/Habitation Site Williams and Patolo 1998 
5775 Complex of 72 features in Cleghorn, et.al. 1999 
5776 Complex of 111 features in Cleghorn, et.al. 1999 

5777 
Shrine/Upright Stone in vicinity of 
Ukanipo Heiau Cleghorn, et.al. 1999 

5778 
Complex of 10 features in vicinity of 
Ukanipo Heiau Cleghorn, et.al.  1999 

5920 Mounds, Terraces MMR DPW 2000 
5921 Mound, Alignment, Terrace MMR DPW 2000 
5922 Mound, Modified Outcrop, Alignment MMR DPW 2000 

5923 
Platforms, Walls, Terraces, C-shaped 
Shelter, Mounds MMR DPW 2000 

5924 Alignment MMR DPW 2000 
5925 Predominantly Walls MMR DPW 2000 
5926 Walls, Platform MMR DPW 2000 

5927 
Retaining Wall, Walls, Enclosures, 
Alignment MMR DPW 2000 

5928 Retaining Wall MMR DPW 2000 
5929 Bunker, Gun Emplacement, Platform MMR DPW 2000 
5930 Platform MMR DPW 2000 
5931 Wall MMR DPW 2000 
5932 Path MMR DPW 2000 
5933 Platform MMR DPW 2000 

 
Source:  The Onyx Group 2001 
# = Located within the Piliaau Range Complex.  No sites located within the live-fire maneuver corridor or mortar  
 or artillery target areas 
* = Destroyed 
+ - All site number are provided by the Hawai‘i State Historic Preservation Officer and carry the prefix 50-80-03 (e.g., 
50-80-03-178) 
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Appendix H.9.  Archaeological Sites at Kahuku Training Area (US Department of the 
Army, 2004) 
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Appendix H.9.  Archaeological Sites at Kahuku Training Area (Continued) 
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Appendix H.9.  Archaeological Sites at Kahuku Training Area (Continued) 
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Appendix H.9.  Archaeological Sites at Kahuku Training Area (Continued) 

 
 
Source: US Department of the Army, 2004 
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Appendix H.10.  Archaeological Sites Recommended as Eligible to the National Register 

of Historic Places at Pohakuloa Training Area (US Department of the Army, 2004) 
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Appendix H.10.  Archaeological Sites Recommended as Eligible to the National Register 
of Historic Places at Pohakuloa Training Area (Continued) 
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Appendix H.10.  Archaeological Sites Recommended as Eligible to the National Register 
of Historic Places at Pohakuloa Training Area (Continued) 
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Appendix H.10.  Archaeological Sites Recommended as Eligible to the National Register 
of Historic Places at Pohakuloa Training Area (Continued) 
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Appendix H.10.  Archaeological Sites Recommended as Eligible to the National Register 
of Historic Places at Pohakuloa Training Area (Continued) 
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Appendix H.10.  Archaeological Sites Recommended as Eligible to the National Register 
of Historic Places at Pohakuloa Training Area (Continued) 
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Appendix H.10.  Archaeological Sites Recommended as Eligible to the National Register 
of Historic Places at Pohakuloa Training Area (Continued) 

 

Source: US Department of the Army, 2004 
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APPENDIX I 
LAND USE 

 
Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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Exhibit I-1.  Land Title from the 1998 PMRF Enhanced Capability Final EIS  

(U.S. Department of the Navy, 1998a) (Continued) 
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APPENDIX J 
ACOUSTIC IMPACT MODELING 

J.1 SOUND PRESSURE LEVEL, ENERGY FLUX DENSITY, AND 
UNDERWATER EXPLOSIVES MODELING 

J.1.1 BACKGROUND AND OVERVIEW 
All marine mammals are protected under the Marine Mammal Protection Act (MMPA).  The 
MMPA prohibits, with certain exceptions, the take of marine mammals in U.S. waters and by 
U.S. citizens on the high seas, and the importation of marine mammals and marine mammal 
products into the United States. 

The Endangered Species Act of 1973 (ESA) provides for the conservation of species that are 
endangered or threatened throughout all or a significant portion of their range, and the 
conservation of their ecosystems.  A “species” is considered endangered if it is in danger of 
extinction throughout all or a significant portion of its range.  A species is considered threatened 
if it is likely to become an endangered species within the foreseeable future.  There are marine 
mammals, already protected under MMPA, listed as either endangered or threatened under 
ESA, and afforded special protections.  Actions involving sound in the water include the 
potential to harass marine animals in the surrounding waters.  Demonstration of compliance 
with MMPA and the ESA, using best available science, has been assessed using criteria and 
thresholds accepted or negotiated, and described here. 

Sections of the MMPA (16 United States Code [U.S.C.] 1361 et seq.) direct the Secretary of 
Commerce to allow, upon request, the incidental, but not intentional, taking of small numbers of 
marine mammals by U.S. citizens who engage in a specified activity, other than commercial 
fishing, within a specified geographical region.  Through a specific process, if certain findings 
are made and regulations are issued, or if the taking is limited to harassment, notice of a 
proposed authorization is provided to the public for review. 

Authorization for incidental takings may be granted if National Marine Fisheries Service (NMFS) 
finds that the taking will have no more than a negligible impact on the species or stock(s), will 
not have an unmitigable adverse impact on the availability of the species or stock(s) for 
subsistence uses, and that the permissible methods of taking, and requirements pertaining to 
the mitigation, monitoring, and reporting of such taking are set forth. 

NMFS has defined negligible impact in 50 Code of Federal Regulations (CFR) 216.103 as an 
impact resulting from the specified activity that cannot be reasonably expected to, and is not 
reasonably likely to, adversely affect the species or stock through effects on annual rates of 
recruitment or survival. 
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Subsection 101(a)(5)(D) of the MMPA established an expedited process by which citizens of the 
United States can apply for an authorization to incidentally take small numbers of marine 
mammals by harassment. The National Defense Authorization Act of 2004 (NDAA) (Public Law 
108-136) removed the small numbers limitation and amended the definition of “harassment” as 
it applies to a military readiness activity to read as follows: 

(i) any act that injures or has the significant potential to injure a marine 
mammal or marine mammal stock in the wild [Level A Harassment]; or 
(ii) any act that disturbs or is likely to disturb a marine mammal or marine 
mammal stock in the wild by causing disruption of natural behavioral patterns, 
including, but not limited to, migration, surfacing, nursing, breeding, feeding, or 
sheltering, to a point where such behavioral patterns are abandoned or 
significantly altered [Level B Harassment]. 

 
The primary potential impact on marine mammals from underwater acoustics is Level B 
harassment from noise. For explosions, in the absence of any mitigation or monitoring 
measures, there is a very small chance that a marine mammal could be injured or killed when 
exposed to the energy generated from an explosive force on the sea floor.  Analysis of noise 
impacts on cetaceans is based on criteria and thresholds initially presented in Navy 
Environmental Impact Statements for ship shock trials of the Seawolf submarine and the 
Winston Churchill (DDG 81; U.S. Department of the Navy, 2001) and the Incidental Harassment 
Authorization (National Marine Fisheries Service, 2005) and the Letter of Authorization (National 
Marine Fisheries Service, 2006) for Eglin Air Force Base. 

Non-lethal injurious impacts (Level A Harassment) are defined in those documents as tympanic 
membrane (TM) rupture and the onset of slight lung injury.  The threshold for Level A 
Harassment corresponds to a 50% rate of TM rupture, which can be stated in terms of an 
energy flux density (EFD) value of 205 decibels (dB) re 1 micropascal squared–second 
(µPa2-s).  TM rupture is well-correlated with permanent hearing impairment.  Ketten (1998) 
indicates a 30% incidence of permanent threshold shift (PTS) at the same threshold. 

The criteria for onset of slight lung injury were established using partial impulse because the 
impulse of an underwater blast wave was the parameter that governed damage during a study 
using mammals, not peak pressure or energy (Yelverton, 1981).  Goertner (1982) determined a 
way to calculate impulse values for injury at greater depths, known as the Goertner “modified” 
positive impulse.  Those values are valid only near the surface because as hydrostatic pressure 
increases with depth, organs like the lung, filled with air, compress.  Therefore the “modified” 
positive impulse thresholds vary from the shallow depth starting point as a function of depth. 

The shallow depth starting points for calculation of the “modified” positive impulses are mass-
dependent values derived from empirical data for underwater blast injury (Yelverton, 1981).  
During the calculations, the lowest impulse and body mass for which slight, and then extensive, 
lung injury found during a previous study (Yelverton et al., 1973) were used to determine the 
positive impulse that may cause lung injury.  The Goertner model is sensitive to mammal 
weight; such that smaller masses have lower thresholds for positive impulse so injury and 
harassment will be predicted at greater distances from the source for them.  Impulse thresholds 
of 13.0 and 31.0 pounds per square inch-millisecond (psi-ms), found to cause slight and 
extensive injury in a dolphin calf, were used as thresholds in the analysis contained in this 
document. 
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Metrics for Physiological Effect Thresholds 
Effect thresholds used for acoustic impact modeling in this document are expressed in terms of 
Energy Flux Density (EFD) / Sound Exposure Level (SEL), which is total energy received over 
time in an area, or in terms of Sound Pressure Level (SPL), which is the level (root mean 
square) without reference to any time component for the exposure at that level.  Marine and 
terrestrial mammal data show that, for continuous-type sounds of interest, Temporary Threshold 
Shift (TTS) and Permanent Threshold Shift (PTS) are more closely related to the energy in the 
sound exposure than to the exposure SPL.  

The Energy Level (EL) for each individual ping is calculated from the following equation:  

EL = SPL + 10log10(duration)  

The EL includes both the ping SPL and duration.  Longer-duration pings and/or higher-SPL 
pings will have a higher EL.  

If an animal is exposed to multiple pings, the energy flux density in each individual ping is 
summed to calculate the total EL.  Since mammalian TS data show less effect from intermittent 
exposures compared to continuous exposures with the same energy (Ward, 1997), basing the 
effect thresholds on the total received EL is a conservative approach for treating multiple pings; 
in reality, some recovery will occur between pings and lessen the effect of a particular exposure.  
Therefore, estimates are conservative because recovery is not taken into account (given that 
generally applicable recovery times have not been experimentally established) and as a result, 
intermittent exposures from sonar are modeled as if they were continuous exposures. 

The total EL depends on the SPL, duration, and number of pings received.  The TTS and PTS 
thresholds do not imply any specific SPL, duration, or number of pings.  The SPL and duration 
of each received ping are used to calculate the total EL and determine whether the received EL 
meets or exceeds the effect thresholds.  For example, the TTS threshold would be reached 
through any of the following exposures: 

• A single ping with SPL = 195 dB re 1 µPa and duration = 1 second. 

• A single ping with SPL = 192 dB re 1 µPa and duration = 2 seconds. 

• Two pings with SPL = 192 dB re 1 µPa and duration = 1 second. 

• Two pings with SPL = 189 dB re 1 µPa and duration = 2 seconds. 
 
Derivation of an Effects Threshold for Marine Mammals based on Energy Flux Density 
As described in detail in Section 4.1.2, SEL (EFD level) exposure threshold established for 
onset-TTS is 195 dB re 1 µPa2-s.  This result is corroborated by the short-duration tone data of 
Finneran et al. (2000, 2003) and the long-duration sound data from Nachtigall et al. (2003a, b).  
Together, these data demonstrate that TTS in small odontocetes is correlated with the received 
EL and that onset-TTS exposures are fit well by an equal-energy line passing through 195 dB re 
1 µPa2-s.  Absent any additional data for other species and being that it is likely that small 
odontocetes are more sensitive to the mid-frequency active/high-frequency active (MFA/HFA) 
frequency levels of concern, this threshold is used for analysis for all cetacea.   
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A similar process has been used to establish a TTS threshold for the Hawaiian monk seal based 
on research by Kastak et al. (1999; 2005).  Of the three pinniped groups studied by Kastak et 
al., elephant seals are the most closely related to the Hawaiian monk seal (the family 
Monachinae).  The onset-TTS number, provided by Kastak et al. for elephant seals and used to 
analyze TTS impacts on monk seals in this document, is 204 dB re 1µPa2-s.   

The PTS thresholds established for use in this analysis are based on a 20 dB increase in 
exposure EL over that required for onset-TTS.  The 20 dB value is based on estimates from 
terrestrial mammal data of PTS occurring at 40 dB or more of TS, and on TS growth occurring 
at a rate of 1.6 dB/dB increase in exposure EL.  This is conservative because: (1) 40 dB of TS is 
actually an upper limit for TTS used to approximate onset-PTS, and (2) the 1.6 dB/dB growth 
rate is the highest observed in the data from Ward et al. (1958, 1959).  Using this estimation 
method (20 dB up from onset-TTS) for the Hawaii Range Complex (HRC) analysis, the PTS 
threshold for cetacea is 215 dB re 1µPa2-s and for monk seals it is 224 dB re 1µPa2-s.     

Level B (non-injurious) Harassment also includes a TTS threshold consisting of 182 dB re 1 
µPa2-s maximum EFD level in any 1/3-octave band above 100 hertz (Hz) for toothed whales 
(e.g., dolphins).  A second criterion, 23 psi, has recently been established by NMFS to provide a 
more conservative range for TTS when the explosive or animal approaches the sea surface, in 
which case explosive energy is reduced, but the peak pressure is 1 µPa2-s is not (Table J-1).  
NMFS applies the more conservative of these two. 

For Multiple Successive Explosions (MSEs), the acoustic criterion for sub-TTS behavioral 
disturbance is used to account for behavioral effects significant enough to be judged as 
harassment, but occurring at lower sound energy levels than those that may cause TTS.  The 
sub-TTS threshold is derived following the approach of the Churchill Final Environmental Impact 
Statement (FEIS) for the energy-based TTS threshold.  The research on pure-tone exposures 
reported in Schlundt et al. (2000) and Finneran and Schlundt (2004) provided a threshold of 192 
dB re 1 μPa2-s as the lowest TTS value.  This value for pure-tone exposures is modified for 
explosives by (a) interpreting it as an energy metric, (b) reducing it by 10 dB to account for the 
time constant of the mammal ear, and (c) measuring the energy in 1/3 octave bands, the natural 
filter band of the ear.  The resulting TTS threshold for explosives is 182 dB re 1 μPa2-s in any 
1/3 octave band.  As reported by Schlundt et al. (2000) and Finneran and Schlundt (2004), 
instances of altered behavior in the pure-tone research generally began five dB lower than 
those causing TTS.  The sub-TTS threshold is therefore derived by subtracting 5 dB from the 
182 dB re 1 μPa2-s in any 1/3 octave band threshold, resulting in a 177 dB re 1 μPa2-s (EL) sub-
TTS behavioral disturbance threshold for MSE.   

Table J-1.  Level A and B Harassment Threshold–Explosives 
Threshold Type (Explosives) Threshold Level 

Level A – 50% Eardrum rupture (full spectrum energy) 205 dB 

Temporary Threshold Shift (TTS) (peak one-third octave energy) 182 dB 

Sub-TTS  Threshold for  Multiple Successive Explosions (peak one-third octave energy) 177 dB 

Temporary Threshold Shift (TTS) (peak pressure) 23 psi 

Level A – Slight lung injury (positive impulse) 13 psi-ms 

Mortality – 1% Mortal lung injury (positive impulse) 31 psi-ms 
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Derivation of a Behavioral Effect Threshold for Marine Mammals Based on Sound Pressure 
Level (SPL) 
Over the past several years, the Navy and NMFS have worked on developing alternative criteria 
to replace and/or to supplement the acoustic thresholds used in the past to estimate the 
probability of marine mammals being behaviorally harassed by received levels of MFA and HFA 
sonar.  Following publication of the Draft EIS/OEIS the Navy continued working with the NMFS 
to refine a mathematically representative curve for assessment of behavioral effects modeling 
associated with the use of MFA/HFA sonar.  As detailed in Section 4.1.2, the NMFS Office of 
Protected Resources made the decision to use a risk function and applicable input parameters 
to estimate the probability of behavioral responses that NMFS would classify as harassment for 
the purposes of the MMPA given exposure to specific received levels of MFA/HFA sonar.  This 
decision was based on the recommendation of the two NMFS scientists, consideration of the 
independent reviews from six scientists, and NMFS MMPA regulations affecting the Navy’s use 
of Surveillance Towed Array Sensor System Low-Frequency Active (SURTASS LFA) sonar 
(U.S. Department of the Navy, 2002; National Oceanic and Atmospheric Administration, 2007). 

The particular acoustic risk function developed by the Navy and NMFS is derived from a 
solution in Feller (1968) with input parameters modified by NMFS for MFA/HFA sonar for 
mysticetes, odontocetes, and pinnipeds.  In order to represent a probability of risk in developing 
this function, the function would have a value near zero at very low exposures, and a value near 
one for very high exposures.  One class of functions that satisfies this criterion is cumulative 
probability distributions, a type of cumulative distribution function.  In selecting a particular 
functional expression for risk, several criteria were identified:  

• The function must use parameters to focus discussion on areas of uncertainty; 

• The function should contain a limited number of parameters; 

• The function should be capable of accurately fitting experimental data; and 

• The function should be reasonably convenient for algebraic manipulations. 
 
As described in U.S. Department of the Navy (2001), the mathematical function below is 
adapted from a solution in Feller (1968).  
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Where: R = risk (0 – 1.0); 
  L = Received Level (RL) in dB 
  B = basement RL in dB; (120 dB) 
  K = the RL increment above basement in dB at which there is 50 percent risk  
  A = risk transition sharpness parameter (10)  
 



 
Appendix J Acoustic Impact Modeling 

 

J-6 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
  

It is important to note that the probabilities associated with acoustic modeling do not represent 
an individual’s probability of responding; they identify the proportion of an exposed population 
(as represented by an evenly distributed density of marine mammals per unit area) that is likely 
to respond to an exposure.  In addition, modeling does not take into account reductions from 
any of the Navy’s standard protective mitigation measures which should significantly reduce or 
eliminate actual exposures that may have otherwise occurred during training.   

J.1.2 ACOUSTIC SOURCES 
The HRC acoustic sources are categorized as either broadband (producing sound over a wide 
frequency band) or narrowband (producing sound over a frequency band that that is small in 
comparison to the center frequency).  In general, the narrowband sources within the HRC are 
anti-submarine warfare (ASW) sonars, and the broadband sources are explosives.  This 
delineation of source types has a couple of implications.  First, the transmission loss used to 
determine the impact ranges of narrowband ASW sonars can each be adequately characterized 
by model estimates at a single frequency.  Broadband explosives, on the other hand, produce 
significant acoustic energy across several frequency decades of bandwidth.  Propagation loss is 
sufficiently sensitive to frequency as to require model estimates at several frequencies. 

Second, energy metrics are defined for both types.  However, explosives are impulsive sources 
that produce a shock wave that dictates additional pressure-related metrics (peak pressure and 
positive impulse).  Detailed descriptions of both types of sources are provided in the following 
subsections. 

J.1.2.1 Sonars 
The majority of training and research, development, testing, and evaluation activities in the HRC 
involve five types of narrowband sonars.  Exposure estimates are calculated for each sonar 
according to the manner in which it operates.  For example, the AN/SQS 53 and AN/SQS 56 are 
hull-mounted, mid-frequency active (MFA) surface ship sonars that operate for many hours at a 
time (although sound is output—the “active” portion—only a small fraction of that time), so it is 
most useful to calculate and report surface ship sonar exposures per hour of operation.  The 
BQQ-10 submarine sonar is also reported per hour of operation.  However, the submarine sonar 
is modeled as pinging only twice per hour.  The AN/AQS-22 is a helicopter-deployed sonar, 
which is lowered into the water, pings several times, and then moves to a new location; this 
sonar is used for localization and tracking a suspected contact as opposed to searching for 
contacts.  For the AN/AQS-22, it is most helpful to calculate and report exposures per dip.  The 
AN/SSQ-62 is a sonobuoy that is dropped into the water from an aircraft or helicopter and pings 
about 10 to 30 times in an hour.  For the AN/SSQ-62, it is most helpful to calculate and report 
exposures per sonobuoy.  For the MK-48 torpedo the sonar is modeled for a typical training 
event and the MK-48 reporting metric is the number of torpedo runs.  Table J-2 presents the 
deployment platform, frequency class, the metric for reporting exposures, and the units for each 
sonar. 
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Table J-2.  Active Sonars Modeled in the Hawaii Range Complex 
Sonar Description Frequency Class Exposures 

Reported 
Units per hour 

MK-48 Torpedo sonar High-frequency Per torpedo One torpedo run 

AN/SQS-53 Surface ship sonar Mid-frequency Per hour 120 sonar pings 

AN/SQS-56 Surface ship sonar Mid-frequency Per hour 120 sonar pings 

AN/SSQ-62 Sonobuoy sonar Mid-frequency Per sonobuoy 8 sonobuoys 

AN/AQS-22 Helicopter-dipping sonar Mid-frequency Per dip 2 dips 

BQQ-101 Submarine sonar Mid-frequency Per hour 2 sonar pings 
1 BQQ-10 is modeled as representative of all MFA submarine sonar (BQQ-10, BQQ-5, and BSY-1)   
Note that MK-48 source described here is the high-frequency active (HFA) sonar on the 
torpedo; the explosive source of the detonating torpedo is described in the next subsection. 

The acoustic modeling that is necessary to support the exposure estimates for each of these 
sonars relies on a generalized description of the manner of the sonar’s operating modes.  This 
description includes the following: 

• “Effective” energy source level—The total energy across the band of the source, 
scaled by the pulse length (10 log10 [pulse length]), and corrected for source beam 
width so that it reflects the energy in the direction of the main lobe.  The beam 
pattern correction consists of two terms: 

- Horizontal directivity correction:  10 log10 (360 / horizontal beam width) 
- Vertical directivity correction:  10 log10 (2 / [sin(θ1) – sin(θ2)]), where θ1 and θ2 

are the 3-dB down points on the main lobe. 
• Source depth—Depth of the source in meters.   

• Nominal frequency—Typically the center band of the source emission.  These are 
frequencies that have been reported in open literature and are used to avoid 
classification issues.  Differences between these nominal values and actual source 
frequencies are small enough to be of little consequence to the output impact 
volumes. 

• Source directivity—The source beam is modeled as the product of a horizontal beam 
pattern and a vertical beam pattern.  Two parameters define the horizontal beam 
pattern: 

- Horizontal beam width—Width of the source beam (degrees) in the horizontal 
plane (assumed constant for all horizontal steer directions).   
 

- Horizontal steer direction—Direction in the horizontal in which the beam is 
steered relative to the direction in which the platform is heading 

 
The horizontal beam is rectangular with constant response across the width of the 
beam and with flat, 20-dB down sidelobes.  (Note that steer directions φ,  –φ, 180o – 
φ, and 180o + φ all produce equal impact volumes.) 
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Similarly, two parameters define the vertical beam pattern: 
- Vertical beam width—Width of the source beam (degrees) in the vertical 

plane measured at the 3-dB down point.  (The width is that of the beam 
steered towards broadside and not the width of the beam at the specified 
vertical steer direction.) 
 

- Vertical steer direction—Direction in the vertical plane that the beam is 
steered relative to the horizontal (upward looking angles are positive).   

 
To avoid sharp transitions that a rectangular beam might introduce, the power 
response at vertical angle θ is 
 
   max { sin2 [ n (θs – θ) ] / [ n sin (θs – θ) ]2,  0.01 } 
 
where n = 180o / θw is the number of half-wavelength-spaced elements in a line array 
that produces a main lobe with a beam width of θw.  θs is the vertical beam steer 
direction.  
 

• Ping spacing—Distance between pings.  For most sources this is generally just the 
product of the speed of advance of the platform and the repetition rate of the sonar.  
Animal motion is generally of no consequence as long as the source motion is 
greater than the speed of the animal (nominally, three knots).  For stationary (or 
nearly stationary) sources, the “average” speed of the animal is used in place of the 
platform speed.  The attendant assumption is that the animals are all moving in the 
same constant direction. 

 

Many of the actual parameters and capabilities of these sonars are classified.  Parameters used 
for modeling were derived to be as representative as possible taking into account the manner 
with which the sonar would be used in various training scenarios.  However, when there was a 
wide range of potential modeling input values, the default was to model using a nominal 
parameter likely to result in the most impact, so that the model would err towards the maximum 
potential exposures.  For instance, a submarine’s use of MFA sonar (because they do not want 
to be detected) is generally rare, very brief, using minimal power, and may be narrowly focused.  
Modeling for the BQQ 10 use, however, errs on the side of maximum potential exposures by 
assuming sonar use twice an hour, for one second, at 235 dB, and using an omnidirectional 
transmission.   

For the sources that are essentially stationary (AN/SSQ-62 and AN/AQS-22), emission spacing 
is the product of the ping cycle time and the average animal speed. 

J.1.2.2 Explosives 
Explosives detonated underwater introduce loud, impulsive, broadband sounds into the marine 
environment.  The acoustic energy of an explosive is, generally, much greater than that of a 
sonar, so careful treatment of them is important, since they have the potential to injure.  Three 
source parameters influence the effect of an explosive:  the weight of the explosive warhead, 
the type of explosive material, and the detonation depth.  The net explosive weight (or NEW) 
accounts for the first two parameters.  The NEW of an explosive is the weight of only the 
explosive material in a given round, referenced to the explosive power of TNT (trinitrotoluene).   
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The detonation depth of an explosive is particularly important due to a propagation effect known 
as surface-image interference.  For sources located near the sea surface, a distinct interference 
pattern arises from the coherent sum of the two paths that differ only by a single reflection from 
the pressure-release surface.  As the source depth and/or the source frequency decreases, 
these two paths increasingly, destructively interfere with each other, reaching total cancellation 
at the surface (barring surface-reflection scattering loss).  Since most HRC explosive sources 
are munitions that detonate essentially upon impact, the effective source depths are quite 
shallow, and therefore the surface-image interference effect can be pronounced.  In order to 
limit the cancellation effect (and thereby provide exposure estimates that tend toward the worst 
case), relatively deep detonation depths are used.  Consistent with earlier VAST/IMPASS 
modeling, a source depth of 1 foot is used for gunnery rounds.  For the missile and bombs, a 
source depth of 2 meters (m) is used.  For Extended Echo Ranging/Improved Extended Echo 
Ranging (EER/IEER) a nominal depth of 20 m is used to ensure that the source is located within 
any significant surface duct, resulting in maximum potential exposures. Table J-3 gives the 
ordnances of interest in the HRC, their NEWs, and their expected detonation depths.   

Table J-3.  Explosive Sources Modeled in Hawaii Range Complex 
Ordnance Net Explosive Weight for 

Modeling 
Detonation Depth for 

Modeling 

5" Naval gunfire 9.54 lbs 1 ft 

76 mm Rounds 1.6 lbs 1 ft 

Maverick 78.5 lbs 2 m 

Harpoon 448 lbs 2 m 

MK-82 238 lbs 2 m 

MK-83 574 lbs 2 m 

MK-84 945 lbs 2 m 

MK-48 851 lbs 50 ft 

Demolition Charges 20 lbs Bottom  

EER/IEER  5 lbs 20m 

 
The exposures expected to result from these ordnances are generally computed on a per in-
water explosive basis.  The cumulative effect of a series of explosives can often be derived by 
simple addition if the detonations are spaced widely in time or space, allowing for sufficient 
animal movement as to ensure that a different population of animals is harassed by each 
ordnance detonation.  There may be rare occasions when MSEs are part of a static location 
event such as during Mine Exercise (MINEX), Missile Exercise (MISSILEX), Bombing Exercise 
(BOMBEX), Sinking Exercise (SINKEX), Gunnery Exercise (GUNEX), and Naval Surface Fire 
Support (NSFS).  For these events, the Churchill FEIS approach was extended to cover MSE 
events occurring at the same location.  For MSE exposures, accumulated energy over the entire 
training time is the natural extension for energy thresholds since energy accumulates with each 
subsequent shot; this is consistent with the treatment of multiple arrivals in Churchill.  For 
positive impulse, it is consistent with Churchill FEIS to use the maximum value over all impulses 
received. 
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For MSEs, the acoustic criterion for sub-TTS behavioral disturbance is used to account for 
behavioral effects significant enough to be judged as harassment, but occurring at lower sound 
energy levels than those that may cause TTS.  Preliminary modeling undertaken for other Navy 
compliance documents using the sub-TTS threshold of 177 dB EL has demonstrated that for 
events involving MSEs using small (NEW) explosives (MINEX, GUNEX, and NSFS), the 
footprint of the threshold for explosives onset TTS criteria based on the 23 psi pressure 
component dominates and supersedes any exposures at a received level involving the 177 dB 
EL threshold.  Restated in another manner, modeling for the sub-TTS threshold should not 
result in any estimated impacts that are not already quantified under the larger footprint of the 
23 psi criteria for small MSE.  Given that modeling for sub-TTS should not, therefore, result in 
any additional harassment takes for MINEX, GUNEX, and NSFS, analysis of potential for 
behavioral disturbance using the sub-TTS criteria was not undertaken for these events (MINEX, 
GUNEX, and NSFS).  

For the remainder of the MSE events (BOMBEX, SINKEX, and MISSILEX) where the sub-TTS 
exposures may need to be considered, these potential behavioral disturbances were estimated 
by extrapolation from the acoustic modeling results for the explosives TTS threshold (182 dB re 
1 mPa2-s in any 1/3 octave band).  To account for the 5 dB lower sub-TTS threshold, a factor of 
3.17 was applied to the TTS modeled numbers in order to extrapolate the number of sub-TTS 
exposures estimated for MSE events.  This multiplication factor is used calculate the increased 
area represented by the difference between the 177 dB sub-TTS threshold and the modeled 
182 dB threshold.  The factor is based on the increased range 5 dB would propagate (assuming 
spherical spreading), where the range increases by approximately 1.78 times, resulting in a 
circular area increase of approximately 3.17 times that of the modeled results at 182 dB. 

A special case in which simple addition of the exposure estimates may not be appropriate is 
addressed by the modeling of a “representative” Sink Exercise (SINKEX).  In a SINKEX, a 
decommissioned surface ship is towed to a specified deep-water location and there used as a 
target for a variety of weapons.  Although no two SINKEXs are ever the same, a representative 
case derived from past exercises is described in the Programmatic SINKEX Overseas 
Environmental Assessment (March 2006) for the Western North Atlantic. 

In a SINKEX, weapons are typically fired in order of decreasing range from the source with 
weapons fired until the target is sunk.  A torpedo may be used after all munitions have been 
expended if the target is still afloat.  Since the target may sink at any time during the exercise, 
the actual number of weapons used can vary widely.  In the representative case, however, all of 
the ordnances are assumed expended; this represents the worst case of maximum exposure. 

The sequence of weapons firing for the representative SINKEX is described in Table J-4.  
Guided weapons are nearly 100% accurate and are modeled as hitting the target (that is, no 
underwater acoustic effect) in all but two cases:  (1) the Maverick is modeled as a miss to 
represent the occasional miss, and (2) the MK-48 torpedo intentionally detonates in the water 
column immediately below the hull of the target.  Unguided weapons are more frequently off-
target and are modeled according to the statistical hit/miss ratios.  Naval gunfire from 5-inch and 
76-mm weapons onboard surface ships is also very accurate and may include a both live and 
inert rounds.  Note that these hit/miss ratios are artificially low in order to demonstrate a worst-
case scenario; they should not be taken as indicative of weapon or platform reliability. 
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The MK 48 torpedo is modeled as detonating immediately below the target’s hull.  A nominal 
depth of 50 feet is used as its source depth in this analysis.  Modeling, however, for impacts 
from the MK 48 is conservative and errs on side of maximum potential exposures because in a 
SINKEX this torpedo would be the last piece of ordnance fired (given it will sink the target).  
Range clearance procedures at the start of the event and previous ordnance hitting the target 
hull should have resulted in any marine species previously in the vicinity would have left the 
area before the MK 48 was ever fired.  Note that MK-48 source described here is the explosive 
source of the detonating torpedo; the active pinger on the torpedo is described in the previous 
subsection.  Again, however, a torpedo homing in on a target hull that has been subjected to 
naval gunfire and bombardment is unlikely to encounter marine animals in the vicinity of that 
target.  

Table J-4.  Representative SINKEX Weapons Firing Sequence 

Time (Local) Event Description 

0900 Range Control Officer receives reports that the exercise area is clear of non-participant ship 
traffic, marine mammals, and sea turtles. 

0909 Hellfire missile fired, hits target. 

0915 2 HARM missiles fired, both hit target (5 minutes apart). 

0930 1 Penguin missile fired, hits target. 

0940 3 Maverick missiles fired, 2 hit target, 1 misses (5 minutes apart). 

1145 1 SM-1 fired, hits target. 

1147 1 SM-2 fired, hits target. 

1205 5 Harpoon missiles fired, all hit target (1 minute apart). 

1300-1335 7 live and 3 inert MK 82 bombs dropped – 7 hit target, 2 live and 1 inert miss target  
(4 minutes apart). 

1355-1410 4 MK-83 bombs dropped – 3 hit target, 1 misses target (5 minutes apart). 

1500 Surface gunfire commences – 400 5-inch rounds fired (one every 6 seconds), 380 hit target, 20 
miss target. 

1700 MK-48 torpedo fired, hits, and sinks target. 

 

J.1.3 ENVIRONMENTAL PROVINCES 
Propagation loss ultimately determines the extent of the Zone of Influence (ZOI) for a particular 
source activity.  In turn, propagation loss as a function of range responds to a number of 
environmental parameters: 

• Water depth, 

• Sound speed variability throughout the water column, 
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• Bottom geo-acoustic properties, and 

• Wind speed. 
 
Due to the importance that propagation loss plays in ASW, the Navy has over the last four to 
five decades invested heavily in measuring and modeling these environmental parameters.  The 
result of this effort is the following collection of global databases of these environmental 
parameters that are accepted as standards for all Navy modeling efforts: 

• Water depth—Digital Bathymetry Data Base Variable Resolution (DBDBV), 

• Sound speed—Generalized Dynamic Environmental Model (GDEM), 

• Bottom loss—Low-Frequency Bottom Loss (LFBL), Sediment Thickness Database, 
and High-Frequency Bottom Loss (HFBL), and 

• Wind speed—U.S. Navy Marine Climatic Atlas of the World. 
 

This section provides some quantitative examples of the relative impact of these various 
environmental parameters.  These examples then are used as guidance for determining 
environmental provinces (that is, regions in which the environmental parameters are relatively 
homogenous and can be represented by a single set of environmental parameters) within the 
HRC Operating Area (OPAREA). 

J.1.3.1   Impact of Environmental Parameters 
Within a typical operating area, the environmental parameter that tends to vary the most is 
bathymetry.  It is not unusual for water depths to vary by an order of magnitude or more with the 
resulting impact on ZOI calculations being significant.  Bottom loss can also vary considerably 
over typical operating areas but its impact upon ZOI calculations tends to be limited to waters on 
the continental shelf and the upper portion of the slope.  Generally, the primary propagation 
paths in deep water from the source to most of the ZOI volume do not involve any interaction 
with the bottom.  In shallow water, particularly if the sound velocity profile directs all propagation 
paths to interact with the bottom, bottom loss variability can play a large role. 

The spatial variability of the sound speed field is generally small over operating areas of typical 
size.  The presence of a strong oceanographic front is a noteworthy exception to this rule.  To a 
lesser extent variability in the depth and strength of a surface duct can be of some importance.  
In the mid latitudes, seasonal variation often provides the most significant variation in the sound 
speed field.  For this reason, both summer and winter profiles are modeled for each selected 
environment. 

J.1.3.2 Environmental Provincing Methodology 
The underwater acoustic environment can be quite variable over ranges in excess of 10 
kilometers (km).  For ASW applications, ranges of interest are often sufficiently large as to 
warrant the modeling of the spatial variability of the environment (e.g., in HRC the nominal 
range considered for an AN/SQS 53 sonar is approximately 65 nautical miles).  In the 
propagation loss calculations, each of the environmental parameters is allowed to vary (either 
continuously or discretely) along the path from acoustic source to receiver.  In such applications, 
each propagation loss calculation is conditioned upon the particular locations of the source and 



 
Appendix J Acoustic Impact Modeling 

 

May 2008 Hawaii Range Complex Final EIS/OEIS  J-13 
 
  

receiver.  On the other hand, the range of interest for marine animal harassment for some 
criteria (TTS and PTS criteria) is more limited.  This reduces the importance of the exact 
location of source and marine animal and makes the modeling required more manageable in 
scope.   

In lieu of trying to model every environmental profile that can be encountered in an operating 
area, this effort utilizes a limited set of representative environments.  Each environment is 
characterized by a fixed water depth, sound velocity profile, and bottom loss type.  The 
operating area is then partitioned into homogeneous regions (or provinces), and the most 
appropriately representative environment is assigned to each.  This process is aided by some 
initial provincing of the individual environmental parameters.  The Navy-standard high-frequency 
bottom loss database in its native form is globally partitioned into nine classes.  (Low-frequency 
bottom loss is likewise provinced in its native form although it is not considered in this selection 
of environmental provinces.  The sources for which low-frequency bottom loss would be of 
interest have limited impact ranges thus rendering bottom loss of little consequence in this 
analysis.)  The Navy-standard sound velocity profiles database is also available as a provinced 
subset.  Only the Navy-standard bathymetry database varies continuously over the World’s 
oceans.  However, even this environmental parameter is easily provinced by selecting a finite 
set of water depth intervals.  “Octave-spaced” intervals (10, 20, 50, 100, 200, 500, 1,000, 2,000, 
and 5,000 m) provide an adequate sampling of water depth dependence. 

ZOI volumes are then computed using propagation loss estimates derived for the representative 
environments.  Finally, a weighted average of the ZOI volumes is taken over all representative 
environments; the weighting factor is proportional to the geographic area spanned by the 
environmental province. 

The selection of representative environments is subjective.  However, the uncertainty introduced 
by this subjectivity can be mitigated by selecting more environments and by selecting the 
environments that occur most frequently over the operating area of interest. 

As discussed in the previous subsection, ZOI estimates are most sensitive to water depth.  
Unless otherwise warranted, at least one representative environment is selected in each 
bathymetry province.  Within a bathymetry province, additional representative environments are 
selected as needed to meet the following requirements. 

• In water less than 1,000 m, bottom interactions occur at shorter ranges and more 
frequently; thus, significant variations in bottom loss need to be represented.  

• Surface ducts provide an efficient propagation channel that can greatly influence ZOI 
estimates.  Variations in the mixed layer depth need to be accounted for if the water 
is deep enough to support the full extent of the surface duct.  

 
Depending on the size and complexity of the operating area, the number of environmental 
provinces tends to range from 5 to 20. 

J.1.3.3 Description of Environmental Provinces Used in Acoustic Modeling 
The HRC OPAREA consists of a number of warning areas, specialized ranges, and long-used 
training locations in and around the Hawaiian Islands.  The HRC OPAREA is approximately 
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bounded north and south by latitudes 25o N and 17o N and east and west by meridians 162o W 
and 154o W.  Within these overall boundaries, a series of representative areas (Sonar Modeling 
Areas [SMAs]) have been defined for modeling purposes.  The boundaries for these areas were 
drawn based on their encompassing the majority of the environmental variability in the OPAREA 
and having been the locations for the majority of previous Major Exercise training events, other 
training events, and research, development, test, and evaluation (RDT&E) events.     

The various Navy units involved in Major Exercise training events, other training events, or 
RDT&E operate without consideration for their location within these SMAs or the boundaries as 
defined in this EIS/OEIS; the SMAs were only created for analytical purposes to support 
modeling.  Stated in another manner, the boundaries created for analysis in this EIS/OEIS are 
artificial constructs that have no bearing on the conduct of activities being analyzed, do not 
restrict the movement of individual units, and are not boundaries to the conduct of training 
events or RDT&E within the HRC OPAREA.   Details regarding the SMAs as representative 
environmental provinces for the HRC OPAREA are presented in the following paragraphs of this 
section.   

For all of these provinces, the average wind speed (winter and summer) is 13 knots.  The 
subsequent subsections describe the representative environmental provinces for the individual 
SMAs and specialized ranges.   

The HRC OPAREA contains a total of 32 distinct environmental provinces.  These represent the 
various combinations of nine bathymetry provinces, three Sound Velocity Profile (SVP) 
provinces, and six HFBL classes.  However, as discussed in the following paragraphs, 12 of the 
provinces are similar enough to be considered the same, or occur so infrequently, that 
differentiating them is inconsequential,  and, therefore, the modeling is based on 20 
environmental provinces. 

The bathymetry provinces represent depths ranging from shallowest of waters (10 m) to typical 
deep-water depths (slightly more than 5,000 m).  However, the various ranges are concentrated 
in the deepest bathymetry province with nearly 90% of the entire range complex represented by 
environmental provinces with depths in the 5,000-m province.  The distribution of the 
bathymetry provinces over the entire HRC OPAREA is provided in Table J-5. 

Table J-5.  Distribution of Bathymetry Provinces in the HRC OPAREA 
Province Depth (m) Frequency of Occurrence 

10 Lima Landing & Puuloa only 

20 0.01% 

50 0.02% 

100 0.05% 

200 0.22% 

500 0.75% 

1,000 2.15% 

2,000 7.87% 

5,000 88.93% 
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The distribution of the three sound speed provinces is presented in Table J-6. 

Table J-6.  Distribution of Sound Speed Provinces in the HRC OPAREA 
SVP Province Frequency of Occurrence 

81 66.07% 

88 33.41% 

98 0.52% 

 
The variation in sound speed profiles among the three provinces is quite minimal; indeed due to 
the tropical location, even the seasonal variability is quite small.  This is illustrated in Figure J-1 
that displays the upper 1,000 m of the winter and summer profiles. 
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Figure J-1.  Summer and Winter SVPs in the HRC OPAREA 

 

The feature of the sound speed field that typically provides the most significant impact upon the 
size of the ZOI is the mixed layer or surface duct.  Propagation loss from a source in a surface 
duct to points within the surface duct can be as much as 10 dB less than loss to points below 
the duct.  The portion of the water column that enjoys this preferential propagation path (and 
hence longer impact ranges) is determined by the mixed layer depth.  Among these profiles, the 
mixed layer depth (see Table J-7) is typically 50 m in both seasons.  

Table J-7.  Mixed Layer Depths in the HRC OPAREA 

SVP Province 
Summer Mixed  
Layer Depth (m) 

Winter Mixed  
Layer Depth (m) 

81 75 30 

88 50 30 

98 50 50 
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The HFBL classes represented in the HRC OPAREA vary from low-loss bottoms (class 2, 
typically in shallow water) to high-loss bottoms (class 8).  Unlike the other two types of 
environmental parameters, the distribution of the five HFBL classes is provided in Table J-8. 

Table J-8.  Distribution of High-Frequency Bottom Loss Classes in  
the HRC OPAREA 

HFBL Class Frequency of Occurrence 

2 0.57% 

3 22.68% 

4 23.22% 

5 14.53% 

7 11.47% 

8 27.53% 

 
Given the limited variability in the sound speed field, the logic for consolidating the 
environmental provinces focuses upon water depth and the HFBL class.  The first consideration 
was to ensure that all nine bathymetry provinces are represented.  The four shallowest 
bathymetry provinces do not occur frequently in the HRC OPAREA but, nonetheless, need to be 
represented by at least one environmental province.  Within each of these depth regimes, the 
predominant environmental province is selected as the representative.   

Nearly 90% of the HRC OPAREA is in the deepest bathymetry province; such a large area 
warrants the greatest partitioning.  Among the 10 potential 5,000-m environmental provinces, 
the six most prevalent provinces are selected as representative.  These span all five HFBL 
classes that occur at this water depth and two of the three SVP provinces (missing only SVP 
province 98 which is virtually indistinguishable from SVP province 88).  The remaining 
bathymetry provinces (200, 500, 1,000, and 2,000 m) are then assigned to two or three of the 
most prevalent environmental provinces, ensuring that no environmental province that occurs in 
at least 10% of bathymetry regime is omitted.  The resulting 20 environmental provinces used in 
the HRC OPAREA acoustic modeling are described in Table J-9. 

J.1.3.3.1 Environmental Provinces in Sonar Modeling Area 1 (SMA 1) 
SMA 1 is a range located north and west of Kauai and encompasses the Pacific Missile Range 
Facility (PMRF) Barking Sands Underwater Range Expansion (BSURE), the Barking Sands 
Tactical Underwater Range (BARSTUR), and most of the PMRF Shallow Water Training Range 
(SWTR) as shown on Figure J-2. 

Although SMA 1 is primarily in deep water, it does include areas that are shallower than 200 m.  
The distribution of bathymetry provinces in SMA 1 is described in Table J-10. 
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Table J-9.  Distribution of Environmental Provinces in the HRC OPAREA 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

1 20 m 81 8 – 98* 0.2 sec 0.01% 

2 50 m 81 8 – 98* 0.2 sec 0.02% 

3 100 m 81 8 – 98* 0.2 sec 0.42% 

4 200 m 81 2 52 0.2 sec 0.08% 

5 200 m 81 8 – 98* 0.23 sec 0.14% 

6 500 m 88 8 0 0.11 sec 0.11% 

7 500 m 81 8 – 98* 0.23 sec 0.56% 

8 1,000 m 81 8 52 0.22 sec 1.52% 

9 1,000 m 88 8 52 0.11 sec 0.62% 

10 2,000 m 81 8 52 0.18 sec 6.45% 

11 2,000 m 88 8 52 0.08 sec 1.43% 

12 5,000 m 81 5 13 0.22 sec 10.01% 

13 5,000 m 81 7 13 0.09 sec 10.34% 

14 5,000 m 81 4 13 0.17 sec 24.20% 

15 5,000 m 88 3 13 0.23 sec 26.21% 

16 5,000 m 81 8 13 0.13 sec 12.65% 

17 5,000 m 88 8 13 0.09 sec 5.47% 

18 500 m 88 2 – 98* 0.2 sec 0.08% 

19 100 m 81 2 52 0.2 sec 0.01% 

20 10 m 81 2 52 0.2 sec Lima Landing / 
Puuloa only 

*  Negative province numbers indicate shallow water provinces 
 
 

Table J-10.  Distribution of Bathymetry Provinces in SMA 1 
Bathymetry Frequency of Occurrence 

200 0.05% 

500 0.75% 

1,000 2.39% 

2,000 5.10% 

5,000 91.71% 
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SMA 1 is almost exclusively in SVP province 88 as indicated in the distribution given in Table 
J-11. 

Table J-11.  Distribution of Sound Speed Provinces in SMA 1 
Sound Speed Province Frequency of Occurrence 

81 0.17% 

88 99.83% 

 
Almost all of the HFBL classes present in the HRC OPAREA are represented in SMA 1; 
however, more than half of SMA 1 is a class 3 (low-loss) bottom as indicated in Table J-12. 

Table J-12.  Distribution of High-Frequency Bottom Loss Classes in SMA 1 
High-Frequency Bottom Loss Class Frequency of Occurrence 

2 0.37% 

3 54.28% 

4 5.92% 

5 13.32% 

8 26.10% 

 
For acoustic modeling purposes, the environmental variability of SMA 1 is captured by the 10 
provinces listed in Table J-13.  Note that the vast majority of SMA 1 is represented by two 
5,000-m provinces—one with a low-loss bottom (15) and the other by with a high-loss bottom 
(17). 

Table J-13.  Distribution of Environmental Provinces in SMA 1 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

4 200 m 81 2 52 0.2 sec 0.01% 

5 200 m 81 8 – 98* 0.23 sec 0.04% 

6 500 m 88 8 0 0.11 sec 0.37% 

7 500 m 81 8 – 98* 0.23 sec 0.06% 

8 1,000 m 81 8 52 0.22 sec 0.07% 

9 1,000 m 88 8 52 0.11 sec 2.32% 

11 2,000 m 88 8 52 0.08 sec 5.10% 

15 5,000 m 88 3 13 0.23 sec 73.53% 

17 5,000 m 88 8 13 0.09 sec 18.19% 

18 500 m 88 2 – 98* 0.2 sec 0.31% 
*  Negative province numbers indicate shallow water provinces 
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J.1.3.3.2 Sonar Modeling Area 2 (SMA 2) 
SMA 2 is located between and north of Kauai and Oahu and includes none of the smaller, 
specialized ranges.  Although roughly equivalent in size to SMA 1, SMA 2 does not include 
coastal waters and thus has less environmental diversity.  The bathymetry distribution is limited 
to depths of a kilometer or more as described in Table J-14. 

Table J-14.  Distribution of Bathymetry Provinces in SMA 2 
Bathymetry Frequency of Occurrence 

1,000 1.84% 

2,000 13.47% 

5,000 84.68% 

 
As with SMA 1, there are two SVP provinces covering SMA 2.  As indicated in Table J-15, SMA 
2 is nearly evenly divided between these two SVP provinces. 

Table J-15.  Distribution of Sound Speed Provinces in SMA 2 
Sound Speed Province Frequency of Occurrence 

81 53.06% 

88 46.94% 

 
The limited environmental diversity is further demonstrated by the distribution of HFBL classes 
described in Table J-16. 

Table J-16.  Distribution of High-Frequency Bottom Loss Classes in SMA 2 
High-Frequency Bottom Loss Class Frequency of Occurrence 

3 60.10 % 

5 6.52 % 

8 33.38 % 

 
The environmental variability SMA 2 is reflected in the seven provinces listed in Table J-17. 
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Table J-17.  Distribution of Environmental Provinces in SMA 2 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

8 1,000 m 81 8 52 0.22 sec 1.84% 

10 2,000 m 81 8 52 0.18 sec 13.20% 

11 2,000 m 88 8 52 0.08 sec 0.28% 

14 5,000 m 81 4 13 0.17 sec 20.04% 

15 5,000 m 88 3 13 0.23 sec 46.57% 

16 5,000 m 81 8 13 0.13 sec 17.97% 

17 5,000 m 88 8 13 0.09 sec 0.31% 

 
J.1.3.3.3 Sonar Modeling Area 3 (SMA 3) 
SMA 3 is located south of Kauai and west of Oahu.  It includes none of the smaller, specialized 
ranges.  The bathymetry distribution is limited to depths of a kilometer or more as described in 
Table J-18. 

Table J-18.  Distribution of Bathymetry Provinces in SMA 3 
Bathymetry Frequency of Occurrence 

1,000 0.95% 

2,000 11.95% 

5,000 87.10% 

 
SMA 3 is described in its entirety by the sound speed province 81.  The bottom loss classes in 
SMA 3 are limited to a medium-loss class (4) and a high-loss class (8) with distributions 
indicated in Table J-19. 

Table J-19.  Distribution of High-Frequency Bottom Loss Classes in SMA 3 
High-Frequency Bottom Loss Class Frequency of Occurrence 

4 28.17% 

8 71.83% 

 
Table J-20 describes the four environmental provinces selected for SMA 3.  The distribution of 
these provinces reflects the deep-water nature of this operating area. 
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Table J-20.  Distribution of Environmental Provinces in SMA 3 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

8 1,000 m 81 8 52 0.22 sec 0.95% 

10 2,000 m 81 8 52 0.18 sec 11.95% 

14 5,000 m 81 4 13 0.17 sec 28.17% 

16 5,000 m 81 8 13 0.13 sec 58.93% 

 
J.1.3.3.4 Sonar Modeling Area 4 (SMA 4) 
SMA 4 is situated between Oahu and the island of Hawaii.  It includes none of the smaller, 
specialized ranges but does include some shallow-water regions.  The bathymetry distribution 
includes all eight bathymetry provinces but emphasizes deep-water with nearly 90% of the 
operating area in water depths of a kilometer or more as indicated in Table J-21. 

Table J-21.  Distribution of Bathymetry Provinces in SMA 4 
Bathymetry Frequency of Occurrence 

20 0.12% 

50 0.25% 

100 0.62% 

200 2.23% 

500 7.64% 

1,000 16.84% 

2,000 40.13% 

5,000 32.17% 

 
SMA 4 is described in its entirety by the sound speed province 81.  Bottom loss is likewise 
limited in variability with over 90% of the operating area characterized by a high-loss bottom 
(see Table J-22). 

Table J-22.  Distribution of High-Frequency Bottom Loss Classes in SMA 4 
High-Frequency Bottom Loss Class Frequency of Occurrence 

2 6.59% 

5 1.00% 

7 0.01% 

8 92.41% 

 
SMA 4 is partitioned into the 12 environmental provinces listed in Table J-23.  The distribution of 
environmental provinces is dominated by provinces with high-loss bottoms in the 1,000-m, 
2,000-m and 5,000-m water depth regimes. 
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Table J-23.  Distribution of Environmental Provinces in SMA 4 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

1 20 m 81 8 – 98* 0.2 sec 0.13% 

2 50 m 81 8 – 98* 0.2 sec 0.25% 

3 100 m 81 8 – 98* 0.2 sec 0.49% 

4 200 m 81 2 52 0.2 sec 0.99% 

5 200 m 81 8 – 98* 0.23 sec 1.24% 

7 500 m 81 8 – 98* 0.23 sec 7.64% 

8 1,000 m 81 8 52 0.22 sec 16.84% 

10 2,000 m 81 8 52 0.18 sec 40.13% 

12 5,000 m 81 5 13 0.22 sec 1.00% 

13 5,000 m 81 7 13 0.09 sec 0.01% 

16 5,000 m 81 8 13 0.13 sec 31.17% 

19 100 m 81 2 52 0.2 sec 0.13% 

 
J.1.3.3.5 Sonar Modeling Area 5 (SMA 5) 
Located south of Oahu and west of the island of Hawaii, SMA 5 is predominantly a deep-water 
region.  This operating area includes none of the smaller, specialized ranges.  The bathymetry 
distribution provided in Table J-24 includes only two bathymetry provinces, with more than 95% 
of the area in the 5,000-m bathymetry province.  

Table J-24.  Distribution of Bathymetry Provinces in SMA 5 
Bathymetry Frequency of Occurrence 

2,000 3.35% 

5,000 96.65% 

 

The distribution of sound speed provinces is similarly concentrated in a single province, 81, as 
presented in Table J-25. 

Table J-25.  Distribution of Sound Speed Provinces in SMA 5 
Sound Speed Province Frequency of Occurrence 

81 96.33% 

98 3.67% 

 
The distribution of bottom-loss classes is a little less concentrated as indicated in Table J-26. 
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Table J-26.  Distribution of High-Frequency Bottom Loss Classes in SMA 5 
High-Frequency Bottom Loss Class Frequency of Occurrence 

4 29.15% 

7 61.94% 

8 8.91% 

 
The resulting five provinces that describe SMA 5 are presented in Table J-27 and reflect a 
distribution whose environmental variability is driven mainly by bottom loss. 

Table J-27.  Distribution of Environmental Provinces in SMA 5 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

10 2,000 m 81 8 52 0.18 sec 3.35% 

13 5,000 m 81 7 13 0.09 sec 55.39% 

14 5,000 m 81 4 13 0.17 sec 29.15% 

16 5,000 m 81 8 13 0.13 sec 8.44% 

17 5,000 m 88 8 13 0.09 sec 3.67% 

 
J.1.3.3.6 Sonar Modeling Area 6 (SMA 6) 
SMA 6 is a large deep-water region located south of Kauai and Oahu, and adjacent to SMA 5 
on the east.  Like SMA 5, this operating area is exclusively deep-water as demonstrated in 
Table J-28. 

Table J-28.  Distribution of Bathymetry Provinces in SMA 6 
Bathymetry Frequency of Occurrence 

2,000 0.56% 

5,000 99.44% 

 
SMA 6 is described in its entirety by the sound speed province 81.  The ocean bottom in this 
region is primarily medium loss, distributed as shown in Table J-29.   

Table J-29.  Distribution of High-Frequency Bottom Loss Classes in SMA 6 
High-Frequency Bottom Loss Class Frequency of Occurrence 

4 53.25% 

5 37.04% 

7 9.71% 
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A total of four environmental provinces are used to characterize this operating area according to 
the distribution given in Table J-30. 

Table J-30.  Distribution of Environmental Provinces in SMA 6 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

10 2,000 m 81 8 52 0.18 sec 0.56% 

12 5,000 m 81 5 13 0.22 sec 37.04% 

13 5,000 m 81 7 13 0.09 sec 9.15% 

14 5,000 m 81 4 13 0.17 sec 53.25% 

 
J.1.3.3.7 Underwater Ranges at PMRF 
Instrumented underwater ranges called BARSTUR, BSURE, and the SWTR are located 
between and north of Niihau and Kauai.  They are contained entirely within the southeast corner 
of SMA 1 with a bathymetry distribution as described in Table J-31. 

Table J-31.  Distribution of Bathymetry Provinces in PMRF Ranges 
Bathymetry Frequency of Occurrence 

500 3.5 % 

1,000 11.53 % 

2,000 12.38 % 

5,000 72.58 % 

 
These underwater ranges at PMRF are described in their entirety by the sound speed province 
88.  The ranges are fairly evenly divided between low-loss bottoms and high-loss bottoms 
according to the distribution described in Table J-32. 

Table J-32.  Distribution of High-Frequency Bottom Loss Classes in  
PMRF Ranges 

High-Frequency Bottom Loss Class Frequency of Occurrence 

2 2.72 % 

3 38.03 % 

8 59.25 % 

 
The various combinations of environmental properties results in the six provinces defined in 
Table J-33. 
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Table J-33.  Distribution of Environmental Provinces in PMRF Ranges 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

6 500 m 88 8 0 0.11 sec 1.34% 

9 1,000 m 88 8 52 0.11 sec 11.53% 

11 2,000 m 88 8 52 0.08 sec 12.38% 

15 5,000 m 88 3 13 0.23 sec 38.03% 

17 5,000 m 88 8 13 0.09 sec 34.56% 

18 500 m 88 2 – 98* 0.2 sec 2.16% 

 
J.1.3.3.8 South Maui Shallow-water Area and Potential MK 48 Area (SMA 7 & 8) 
The South Maui Shallow-water Area is located between Kahoolawe, Lanai, and Maui.  In 
addition to the PMRF ranges, it is one of two other areas that are typically used by submarines 
for training with MK 48 torpedoes.  The other area is also in “shallow water” and is situated just 
north of Kahalui, Maui.  These areas are referred to as “shallow” (being less than 600 ft deep) 
by training event planners and participants given safety requirements for vertical separation 
between participants to preclude the possibility of collisions.  Both areas are also small in 
comparison to the SMAs, and hence the environmental variability is less pronounced.  The 
distribution of water depths is limited to two bathymetry provinces as shown in Table J-34. 

Table J-34.  Distribution of Bathymetry Provinces in South Maui Shallow-water Area and 
Potential MK-48 Ranges 

Bathymetry Frequency of Occurrence 

100 24.44% 

200 75.56% 

 
The South Maui Shallow-water Area and the potential MK 48 area are described in its entirety 
by the sound speed province 81.  Two bottom loss classes, distributed as indicated in Table 
J-35, are present in these areas. 

Table J-35.  Distribution of High-Frequency Bottom Loss Classes in South Maui  
Shallow-water Area and Potential MK-48 Ranges 

High-Frequency Bottom Loss Class Frequency of Occurrence 

2 9.55% 

8 90.45% 

 
This environmental variability is represented by the four environmental provinces described in 
Table J-36. 
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Table J-36.  Distribution of Environmental Provinces in South Maui  
Shallow-water Area and Potential MK-48 Ranges 

Environmental 
Province 

Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

3 100 m 81 8 – 98* 0.2 sec 18.19% 

4 200 m 81 2 52 0.2 sec 3.30% 

5 200 m 81 8 – 98* 0.23 sec 72.76% 

19 100 m 81 2 52 0.2 sec 6.25% 

 
J.1.3.3.9 Kapu/Quickdraw 
Kapu/Quickdraw is a gunnery range located south of Oahu.  This range partially overlaps SMA 
6 and thus shares some of the same environmental characteristics.  The range is strictly deep-
water (5,000-m bathymetry province) and described in its entirety by the sound speed province 
81.  The only material environmental variability is in bottom loss class, as demonstrated in Table 
J-37. 

Table J-37.  Distribution of High-Frequency Bottom Loss Classes in Kapu/ 
Quickdraw Range 

High-Frequency Bottom Loss Class Frequency of Occurrence 

4  78.72% 

8  21.28% 

 
The bottom-loss distribution, in turn, directly dictates the distribution of environmental provinces 
as listed in Table J-38. 

Table J-38.  Distribution of Environmental Provinces in Kapu/Quickdraw Range 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

14 5,000 81 4 13 0.17 sec 78.72% 

16 5,000 81 8 52 0.13 sec 21.28% 

 
J.1.3.3.10 Lima Landing 
Lima Landing is a limited area well inside the mouth of Pearl Harbor and it serves as the 
location for an Explosive Ordnance Demolition (EOD) Range.  The limited extent of this range 
permits the entire range to be characterized by the single environmental province listed in Table 
J-39. 
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Table J-39.  Distribution of Environmental Provinces in Lima Landing 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

20 10 m 81 2 52 0.2 sec 100% 

 
J.1.3.3.11 Kingfisher (Old and Proposed) 
Two areas in the HRC OPAREA are designated for Kingfisher mine avoidance training.  The 
“old” range is located just south of Kauai, adjoining the Shallow Water Training Range to the 
west.  The “proposed” area is nearby, just east of Niihau.  Both areas are very small size scale 
in comparison to the resolution of the Navy-standard databases.  As such, the only 
environmental parameter that is apt to vary significantly is water depth.  Water depths in the old 
range are known to vary between 150 to 350 feet (46 to 107 m).  Given that the dominant 
bottom loss class is 2, the best fit for the Kingfisher ranges is provided by environmental 
province 19, as described in Table J-40.  

Table J-40.  Distribution of Environmental Provinces in the Kingfisher Ranges 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

19 100 m 81 2 52 0.2 sec 100% 

 
J.1.3.3.12 Puuloa 
Puuloa Underwater Training Area is a small area just south of Pearl Harbor.  The limited extent 
of this range permits the entire range to be characterized by the single environmental province 
listed in Table J-41. 

Table J-41.  Distribution of Environmental Provinces in Puuloa Range 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

20 10 m 81 2 52 0.2 sec 100 % 

 
J.1.3.3.13 Shallow Water Training Range 
The SWTR is located just to the west of Kauai, overlapping a portion of the PMRF Ranges and 
part of SMA 1.  The bathymetry distribution emphasizes shallow water as indicated in Table 
J-42. 
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Table J-42.  Distribution of Bathymetry Provinces in SWTR 
Bathymetry Frequency of Occurrence 

50 9.85% 

100 9.85% 

200 1.79% 

500 47.70% 

1,000 30.81% 

 
The distribution of sound speed provinces is provided in Table J-43. 

Table J-43.  Distribution of Sound Speed Provinces in SWTR 
Sound Speed Province Frequency of Occurrence 

81 72.46% 

88 27.54% 

 
The distribution of bottom loss classes presented in Table J-44 indicates relatively equal 
portions of low-loss and high-loss bottoms in SWTR. 

Table J-44.  Distribution of High-Frequency Bottom Loss Classes in SWTR 
High-Frequency Bottom Loss Class Frequency of Occurrence 

2 2.72% 

3 38.03% 

8 59.25% 

 
Without the influence of large, deep-water provinces, the SWTR is more uniformly distributed 
over the 10 environmental provinces it contains as indicated in Table J-45. 
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Table J-45.  Distribution of Environmental Provinces in SWTR 
Environmental 

Province 
Water 
Depth 

SVP 
Province 

HFBL 
Class 

LFBL 
Province 

Sediment 
Thickness 

Frequency of 
Occurrence 

2 50 m 81 8 – 98* 0.2 sec 9.85% 

3 100 m 81 8 – 98* 0.2 sec 4.92% 

4 200 m 81 2 52 0.2 sec 0.71% 

5 200 m 81 8 – 98* 0.23 sec 1.08% 

6 500 m 88 8 0 0.11 sec 14.60% 

7 500 m 81 8 – 98* 0.23 sec 3.00% 

8 1,000 m 81 8 52 0.22 sec 1.79% 

9 1,000 m 88 8 52 0.11 sec 29.02% 

18 500 m 88 2 – 98* 0.2 sec 30.10% 

19 100 m 81 2 52 0.2 sec 4.92% 

 
J.1.4  IMPACT VOLUMES AND IMPACT RANGES 
Without range clearance procedures and standard protective measures serving as mitigation, 
many training activities would have the potential to injure or harass marine animals.  For 
potential impacts from acoustic exposures, the number of animals exposed to potential harm in 
any such action is dictated by the number of marine mammals present per unit area, the 
propagation field, and the characteristics of the noise source.  

The impact volume associated with a particular activity is defined as the volume of water in 
which some acoustic metric exceeds a specified threshold.  The product of this impact volume 
with a volumetric animal density yields the expected value of the number of animals exposed to 
(or taken according to) that acoustic metric at a level that exceeds the threshold.  The acoustic 
metric can either be an energy term (energy flux density, either in a limited frequency band or 
across the full band) or a pressure term (such as peak pressure or positive impulse).  The 
thresholds associated with each of these metrics set levels at which a percentage of the animals 
exposed will experience harassment.   

Regardless of the type of source, estimating the number of animals that may be exposed to an 
acoustic or pressure wave in a particular environment entails the following steps: 

• Each source emission is modeled according to the particular operating mode of the 
sonar.  The “effective” energy source level is computed by integrating over the 
bandwidth of the source, scaling by the pulse length, and adjusting for gains due to 
source directivity.  The location of the source at the time of each emission must also 
be specified. 

• For the relevant environmental acoustic parameters, transmission loss (TL) 
estimates are computed, sampling the water column over the appropriate depth and 
range intervals.  TL data are sampled at the typical depth(s) of the source and at the 
nominal center frequency of the source.  If the source is relatively broadband, an 
average over several frequency samples is required. 



 
Appendix J Acoustic Impact Modeling 

 

May 2008 Hawaii Range Complex Final EIS/OEIS  J-31 
 
  

• The accumulated energy within the waters that the source is “operating” is sampled 
over a volumetric grid.  At each grid point, the received energy from each source 
emission is modeled as the effective energy source level reduced by the appropriate 
propagation loss from the location of the source at the time of the emission to that 
grid point and summed.  For the peak pressure or positive impulse, the appropriate 
metric is similarly modeled for each emission.  The maximum value of that metric 
(over all emissions) is stored at each grid point. 

• The impact volume for a given threshold is estimated by summing the incremental 
volumes represented by each grid point for which the appropriate metric exceeds 
that threshold. 

• Finally, the number of exposures is estimated as the “product” (scalar or vector, 
depending upon whether an animal density depth profile is available) of the impact 
volume and the animal densities.  

 
This section describes in detail the process of computing impact volumes (that is, the first four 
steps described above).  This discussion is presented in two parts:  active sonars and explosive 
sources.  The relevant assumptions associated with this approach and the limitations that are 
implied are also presented.  The final step, computing the number of exposures, is discussed in 
Section J.1.5. 

J.1.4.1 Computing Impact Volumes for Active Sonars 
This section provides a detailed description of the approach taken to compute impact volumes 
for active sonars.  Included in this discussion are: 

• Identification of the underwater propagation model used to compute transmission 
loss data, a listing of the source-related inputs to that model, and a description of the 
output parameters that are passed to the energy accumulation algorithm.  

• Definitions of the parameters describing each sonar type. 

• Description of the algorithms and sampling rates associated with the energy 
accumulation algorithm. 

 

J.1.4.1.1 Transmission Loss Calculations 
TL data are pre-computed for each of two seasons in the five environmental provinces 
described in the previous subsection using the GRAB propagation loss model (Keenan, 2000).  
The TL output consists of a parametric description of each significant eigenray (or propagation 
path) from source to animal.  The description of each eigenray includes the departure angle 
from the source (used to model the source vertical directivity later in this process), the 
propagation time from the source to the animal (used to make corrections to absorption loss for 
minor differences in frequency and to incorporate a surface-image interference correction at low 
frequencies), and the transmission loss suffered along the eigenray path. 
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The eigenray data for a single GRAB model run are sampled at uniform increments in range out 
to a maximum range for a specific “animal” (or “target” in GRAB terminology) depth.  Multiple 
GRAB runs are made to sample the animal depth dependence.  The depth and range sampling 
parameters are summarized in Table J-46.  Note that some of the low-power sources do not 
require TL data to large maximum ranges. 

Table J-46.  TL Depth and Range Sampling Parameters by Sonar Type 
Sonar Range Step Maximum Range Animal Depth 

MK 48 10 meter (m) 10 kilometer (km) 
 

0 – 1 km in 5-m steps 
1 km – Bottom in 10-m steps 

AN/SQS 53 
 
 

10 m 200 km 0 – 1 km in 5-m steps 
1 km – Bottom in 10-m steps 

AN/SQS 56 10m 40 km 0 – 1 km in 5-m steps 
1 km – Bottom in 10-m steps 

BQQ 10 10m 150 km 0 – 1 km in 5-m steps 
1 km – Bottom in 10-m steps 

AN/AQS 22 10 m 10 km 0 – 1 km in 5-m steps 
1 km – Bottom in 10-m steps 

AN/ASQ 62 5 m 5 km 0 – 1 km in 5-m steps 
1 km – Bottom in 10-m steps 

 
In a few cases, most notably the AN/SQS 53 for thresholds below approximately 180 dB, TL 
data may be required by the energy summation algorithm at ranges greater than covered by the 
pre-computed GRAB data.  In these cases, TL is extrapolated to the required range using a 
simple cylindrical spreading loss law in addition to the appropriate absorption loss.  This 
extrapolation leads to a conservative (or under) estimate of transmission loss at the greater 
ranges. 

Although GRAB provides the option of including the effect of source directivity in its eigenray 
output, this capability is not exercised.  By preserving data at the eigenray level, this allows 
source directivity to be applied later in the process and results in fewer TL calculations. 

The other important feature that storing eigenray data supports is the ability to model the effects 
of surface-image interference that persist over range.  However, this is primarily important at 
frequencies lower than those associated with the sonars considered in this subsection.  A 
detailed description of the modeling of surface-image interference is presented in the subsection 
on explosive sources. 

J.1.4.1.2 Energy Summation 
The summation of energy flux density over multiple pings in a range-independent environment 
is a trivial exercise for the most part.  A volumetric grid that covers the waters in and around the 
area of sonar operation is initialized.  The source then begins its set of pings.  For the first ping, 
the TL from the source to each grid point is determined (summing the appropriate eigenrays 
after they have been modified by the vertical beam pattern), the “effective” energy source level 
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is reduced by that TL, and the result is added to the accumulated energy flux density at that grid 
point.  After each grid point has been updated, the accumulated energy at grid points in each 
depth layer are compared to the specified threshold.  If the accumulated energy exceeds that 
threshold, then the incremental volume represented by that grid point is added to the impact 
volume for that depth layer.   

The source is then moved along one of the axes in the horizontal plane by the specified ping 
separation distance, and the second ping is processed in a similar fashion.  This procedure 
continues until the maximum number of pings specified has been reached. 

Defining the volumetric grid over which energy is accumulated is the trickiest aspect of this 
procedure.  The volume must be large enough to contain all volumetric cells for which the 
accumulated energy is likely to exceed the threshold but not so large as to make the energy 
accumulation computationally unmanageable.   

Determining the size of the volumetric grid begins with an iterative process to determine the 
lateral extent to be considered.  Unless otherwise noted, throughout this process the source is 
treated as omni-directional and the only animal depth that is considered is the TL target depth 
that is closest to the source depth (placing source and receiver at the same depth is generally 
an optimal TL geometry).  

The first step is to determine the impact range (RMAX) for a single ping.  The impact range in this 
case is the maximum range at which the effective energy source level reduced by the 
transmission loss is less than the threshold.  Next the source is moved along a straight-line 
track and energy flux density is accumulated at a point that has a CPA range of RMAX at the mid-
point of the source track.  That total energy flux density is then compared to the prescribed 
threshold.  If it is greater than the threshold (which, for the first RMAX, it must be) then RMAX is 
increased by 10%, the accumulation process is repeated, and the total energy is again 
compared to the threshold.  This continues until RMAX grows large enough to ensure that the 
accumulated energy flux density at that lateral range is less than the threshold.  The lateral 
range dimension of the volumetric grid is then set at twice RMAX, with the grid centered along the 
source track.  In the direction of advance for the source, the volumetric grid extends of the 
interval from [–RMAX, 3 RMAX] with the first source position located at zero in this dimension.  
Note that the source motion in this direction is limited to the interval [0, 2 RMAX].  Once the 
source reaches 2 RMAX in this direction, the incremental volume contributions have 
approximately reached their asymptotic limit and further pings add the same essentially the 
same amount.  This geometry is demonstrated in Figure J-3. 

If the source is directive in the horizontal plane, then the lateral dimension of the grid may be 
reduced and the position of the source track adjusted accordingly.  For example, if the main 
lobe of the horizontal source beam is limited to the starboard side of the source platform, then 
the port side of the track is reduced substantially as demonstrated in Figure J-4. 

Once the extent of the grid is established, the grid sampling can be defined.  In both dimensions 
of the horizontal plane the sampling rate is approximately RMAX/100.  The round-off error 
associated with this sampling rate is roughly equivalent to the error in a numerical integration to 
determine the area of a circle with a radius of RMAX with a partitioning rate of RMAX/100 
(approximately 1%).  The depth-sampling rate of the grid is comparable to the sampling rates in 
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the horizontal plane but discretized to match an actual TL sampling depth.  The depth-sampling 
rate is also limited to no more that 40 m in order to ensure that significant TL variability over 
depth is captured. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure J-3.  Horizontal Plane of Volumetric Grid for Omni-Directional Source 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure J-4.  Horizontal Plane of Volumetric Grid for Starboard Beam Source. 

 

Rmax 

–Rmax 3 Rmax 

 –Rmax 

Direction of 
Advance 

Lateral Direction 

Limit of Energy Grid in 
Horizontal Plane 

0.1 Rmax 
–Rmax 3 Rmax 

 –Rmax 

Direction of 
Advance 

Lateral Direction 

Limit of Energy Grid in 
Horizontal Plane 



 
Appendix J Acoustic Impact Modeling 

 

May 2008 Hawaii Range Complex Final EIS/OEIS  J-35 
 
  

J.1.4.1.3 Impact Volume per Hour of Sonar Operation 
The impact volume for a sonar moving relative to the animal population (density) increases with 
each additional ping at the start.  The rate at which the impact volume increases varies with a 
number of parameters but eventually approaches some asymptotic limit.  Beyond that point the 
increase in impact volume becomes essentially linear as depicted in Figure J-5.  

 
 

Figure J-5.  AN/SQS 53 Impact Volume by Ping 
 

The slope of the impact volume versus number of pings at a given depth is the impact volume 
added per ping.  This number multiplied by the number of pings in an hour gives the hourly 
impact volume for the given depth increment.  Completing this calculation for all depths in a 
province, for a given source, gives the hourly impact volume vector, nv , which contains the 
hourly impact volumes by depth for province n.  Figure J-6 provides an example of an hourly 
impact volume vector for a particular environment. 
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Figure J-6.  Example of an Impact Volume Vector 

 

J.1.4.2  Computing Impact Volumes for Explosive Sources 
This section provides the details of the modeling of the explosive sources.  This energy 
summation algorithm is similar to that used for sonars, only differing in details such as the 
sampling rates and source parameters.  These differences are summarized in the following 
subsections.  A more significant difference is that the explosive sources require the modeling of 
additional pressure metrics:  (1) peak pressure, and (2) “modified” positive impulse.  The 
modeling of each of these metrics is described in detail in the subsections of J.1.4.2.3. 

J.1.4.2.1 Transmission Loss Calculations 
Modeling impact volumes for explosive sources span requires the type of same TL data as 
needed for active sonars.  However, unlike active sonars, explosive ordnances are very 
broadband, contributing significant energy from tens of hertz to tens of kilohertz.  To 
accommodate the broadband nature of these sources, TL data are sampled at seven 
frequencies from 10 Hz to 40 kHz, spaced every two octaves.   

An important propagation consideration at low frequencies is the effect of surface-image 
interference.  As either source or target approach the surface, pairs of paths that differ in history 
by a single surface reflection set up an interference pattern that ultimately causes the two paths 
to perfectly cancel each other when the source or target is at the surface.  A fully coherent 
summation of the eigenrays produces such a result but also introduces extreme fluctuations at 
all depths that would have to be highly sampled range and depth, and then smoothed to give 
meaningful results.  An alternative approach is to implement what is sometimes called a semi-
coherent summation.  A semi-coherent sum attempts to capture significant effects of surface-
image interference (namely the reduction of the field as the source or target approach the  
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surface) without having to deal with the more rapid fluctuations associated with a fully coherent 
sum.  The semi-coherent sum is formed by a random phase addition of paths that have already 
been multiplied by the expression: 

sin2 [ 4π f zs za / (c2 t) ] 
 
where f is the frequency, zs is the source depth, za is the animal depth, c is the sound speed and 
t is the travel time from source to animal along the propagation path.  For small arguments of 
the sine function this expression varies directly as the frequency and the two depths.  It is this 
relationship that causes the propagation field to go to zero as the depths approach the surface 
or the frequency approaches zero. 

A final important consideration is the broadband nature of explosive sources.  This is handled by 
sampling the TL field at a limited number of frequencies.  But the image-interference correction 
given above varies substantially over that frequency spacing.  To avoid possible under 
sampling, the correction is averaged over each frequency interval. 

J.1.4.2.2 Source Parameters 
Unlike the active sonars, the explosive sources are defined by only two parameters:  (1) net 
explosive weight, and (2) source detonation depth.  Values for these source parameters are 
defined in Section J.1.2.2. 

The effective energy source level, which is treated as a de facto input for the other sonars, is 
instead modeled directly for EER and explosives.  For both the energy source level is 
comparable to the model used for other explosives (Arons [1954], Weston [1960], McGrath 
[1971], Urick [1983], Christian and Gaspin [1974]).  The energy source level over a one-third 
octave band with a center frequency of f for a source with a net explosive weight of w pounds is 

   10 log10 (0.26 f) + 10 log10 ( 2 pmax
2 / [1/θ2 + 4 π f2] ) + 197  dB 

where the peak pressure for the shock wave at 1 m is defined as  

  pmax = 21600 (w1/3 / 3.28 )1.13  psi     (A-1) 

and the time constant is defined as: 

  θ = [(0.058) (w1/3) (3.28 / w1/3) 0.22 ] / 1,000 msec   (A-2) 

 

J.1.4.2.3 Impact Volumes for Various Metrics 
The impact of explosive sources on marine species is measured by four different metrics, each 
with its own threshold(s).  The energy metric, peak one-third octave, is treated in similar fashion 
as the energy metric used for the active sonars, including the summation of energy if there are 
multiple source emissions.  The other two, peak pressure and positive impulse, are not 
accumulated but rather the maximum levels are stored. 
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Peak One-Third Octave Energy Metric 
The computation of impact volumes for the energy metric follows closely the approach taken to 
model the energy metric for the active sonars.  The only significant difference is that energy flux 
density is sampled at several frequencies in one-third-octave bands and only the peak one-
third-octave level is accumulated.   

Peak Pressure Metric 
The peak pressure metric is a simple, straightforward calculation.  At each range/animal depth 
combination, transmission ratio modified by the source level in a one-octave band and beam 
pattern is averaged across frequency on an eigenray-by-eigenray basis.  This averaged 
transmission ratio (normalized by the broadband source level) is then compared across all 
eigenrays with the maximum designated as the peak arrival.  Peak pressure at that 
range/animal depth combination is then simply the product of: 

• The square root of the averaged transmission ratio of the peak arrival,  

• The peak pressure at a range of 1 m (given by equation A-1), and  

• The similitude correction (given by r –0.13, where r is the slant range along the 
eigenray estimated as tc with t the travel time along the dominant eigenray and c the 
nominal speed of sound. 

 

If the peak pressure for a given grid point is greater than the specified threshold, then the 
incremental volume for the grid point is added to the impact volume for that depth layer.   

“Modified” Positive Impulse Metric 
The modeling of positive impulse follows the work of Goertner (Goertner, 1982).  The Goertner 
model defines a “partial” impulse as  

Tmin 
∫  p(t) dt 
0 

 
where p(t) is the pressure wave from the explosive as a function of time t, defined so that p(t) = 
0 for t < 0.  This pressure wave is modeled as  

   p(t) = pmax e –t/θ 

where pmax is the peak pressure at 1 m (see equation A-1), and θ is the time constant defined as  

θ = 0.058 w1/3 (r/w1/3) 0.22 seconds 

with w the net explosive weight (pounds), and r the slant range between source and animal. 

The upper limit of the “partial” impulse integral is  
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   Tmin = min {Tcut, Tosc} 
 
where Tcut is the time to cutoff and Tosc is a function of the animal lung oscillation period.  When 
the upper limit is Tcut, the integral is the definition of positive impulse.  When the upper limit is 
defined by Tosc, the integral is smaller than the positive impulse and thus is just a “partial” 
impulse.  Switching the integral limit from Tcut to Tosc accounts for the diminished impact of the 
positive impulse upon the animals lungs that compress with increasing depth and leads to what 
is sometimes call a “modified” positive impulse metric. 

The time to cutoff is modeled as the difference in travel time between the direct path and the 
surface-reflected path in an isospeed environment.  At a range of r, the time to cutoff for a 
source depth zs and an animal depth za is 

   Tcut = 1/c { [r2 + (za + zs)2]1/2 – [r2 + (za – zs)2]1/2 } 
 
where c is the speed of sound. 

The animal lung oscillation period is a function of animal mass M and depth za and is modeled 
as  

   Tosc = 1.17 M1/3 (1 + za/33) –5/6 
 
where M is the animal mass (in kg) and za is the animal depth (in feet). 

The modified positive impulse threshold is unique among the various injury and harassment 
metrics in that it is a function of depth and the animal weight.  So instead of the user specifying 
the threshold, it is computed as K (M/42)1/3 (1 + za / 33)1/2.  The coefficient K depends upon the 
level of exposure.  For the onset of slight lung injury, K is 19.7; for the onset of extensive lung 
hemorrhaging (1% mortality), K is 47. 

Although the thresholds are a function of depth and animal weight, sometimes they are 
summarized as their value at the sea surface for a typical calf dolphin (with an average mass of 
12.2 kg).  For the onset of slight lung injury, the threshold at the surface is approximately 13 psi-
msec; for the onset of extensive lung hemorrhaging (1% mortality), the threshold at the surface 
is approximately 31 psi-ms. 

As with peak pressure, the “modified” positive impulse at each grid point is compared to the 
derived threshold.  If the impulse is greater than that threshold, then the incremental volume for 
the grid point is added to the impact volume for that depth layer.  

J.1.4.2.4 Impact Volume per Explosive Detonation 
The detonations of explosive sources are generally widely spaced in time and/or space.  This 
implies that the impact volume for multiple firings can easily be derived by scaling the impact 
volume for a single detonation.  Thus the typical impact volume vector for an explosive source is 
presented on a per detonation basis.   
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The one exception to this rule is SINKEX.  Impact volume vectors for the representative 
SINKEX are provided on a per-event basis (that is, representing the cumulative impact of all 
weapons fired during the event). 

J.1.4.3 Impact Volume by Operating Area 
The HRC OPAREA is comprised of 20 environmental provinces.  The hourly impact volume 
vector for training events involving any particular source is a linear combination of the 20 
volume impact vectors, },...,,{ 2021 vvv , with the weighting determined by the distribution of those 
20 environmental provinces within the source’s operation area.  Unique hourly impact volume 
vectors for winter and summer are calculated for each type of source and each metric/threshold 
combination. 

J.1.5 EXPOSURES 
This section defines the animal densities and their depth distributions for the HRC.  This is 
followed by a series of tables providing exposure estimates per unit of operation for each source 
type (active sonars and explosives) and for a SINKEX. 

J.1.5.1 Animal densities 
Densities are usually reported by marine biologists as animals per square kilometer, which is an 
area metric.  This gives an estimate of the number of animals below the surface in a certain 
area, but does not provide any information about their distribution in depth.  The impact volume 
vector (see Subsection J.1.4.1.3) specifies the volume of water ensonified above the specified 
threshold in each depth interval.  A corresponding animal density for each of those depth 
intervals is required to compute the expected value of the number of exposures.  The two-
dimensional area densities do not contain this information, so three-dimensional densities must 
be constructed by using animal depth distributions to extrapolate the density at each depth.  The 
required depth distributions are presented in next subsection.    

Barlow presents density results based on an in-depth analysis of line-transect data collected 
during vessel surveys conducted within the U.S. Exclusive Economic Zone (EEZ) near the 
Hawaiian Island Archipelago from August-November 2002 (Barlow, 2006).  Results from these 
surveys were initially published in a NMFS Administrative Report (Barlow, 2003), which is cited 
for density/abundance values in the RIMPAC report (Gilcrest et al., 2006).  However, the Barlow 
(2006) paper (Barlow, 2006) is a peer-reviewed journal article and represents the “best available 
information” for this region.  The study area and densities provided in Barlow (2006) also 
overlap entirely with older aerial survey data presented by Mobley (Mobley, et al., 2000); 
therefore, the “Inshore” densities included in the RIMPAC document are also not necessary nor 
is their use advised.   

Barlow (Barlow, 2006; Table 4) provided abundance for two stratum, the Main Island stratum 
which covered from the main islands to approximately 75 nautical miles (nm) (140 km) offshore, 
and the Outer EEZ (OEEZ) stratum which covered the rest of the EEZ (200 nm, 370 km) around 
the entire Hawaiian island chain (including all 1,500 miles of the chain to the Northwest 
Hawaiian Islands ending at Kure Atoll).  Density and CV were pooled for combined strata only. 
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Based on the abundance numbers per stratum in Barlow (Barlow, 2006), it would be tempting to 
apply the pooled densities to only the OEEZ stratum (for those species with 100% occurrence) 
or divide based on percentage abundance in each strata (e.g., bottlenose dolphins had 14% 
abundance in Main Island and 86% abundance in OEEZ).  However, this is likely not a good 
idea.  Other researchers (Baird et al., 2006; Baird et al., 2005a,b; Baird, 2005) have carried out 
long-term studies near the Main Hawaiian Islands, and have observed many species, not seen 
by Barlow (Barlow, 2006) in the Main Island stratum, within 75 nm of the main islands.  While 
these other studies do not provide densities, they do indicate that other species occur close to 
the islands.  Therefore, it is most appropriate to apply densities to the overall area (both strata) 
exactly as provided in Barlow (Barlow, 2006).  The only exceptions to this would be Fraser’s 
dolphin, Longman’s beaked whale and Bryde’s whale; these three species were seen by Barlow 
(Barlow, 2006) only in the OEEZ stratum and have not been sighted within 75 nm of the main 
islands by other researchers either.  The densities calculated for these three species by Barlow 
(Barlow, 2006) can be applied to the OEEZ stratum only (greater than 75 nm from the Main 
Hawaiian Islands; see Figure 1 in Barlow [Barlow, 2006]).   

Barlow (2006) reports on densities for the summer/fall time period.  Most of the species for 
which densities were calculated are resident to the archipelago (i.e., not migratory).  Therefore, 
the densities are applicable year-round.  Marine mammals that were not seen by Barlow (2006) 
occur too rarely to be of concern (right, blue, fin, sei, minke), with two notable exceptions.  
Humpback whales are seasonal migrants, occurring in the Hawaiian Islands generally from 
December through April (and therefore were not present during the summer 2002 surveys).  
The most recent NMFS Alaska Stock Assessment Report (Angliss and Outlaw, 2005) provides 
an abundance estimate of 4005 for wintering humpback whales in Hawaii, but no density.  
Mobley et al. (2001) conducted aerial surveys from 1993-2000 over shallow near-shore waters 
as well as deep pelagic regions (survey lines extended approximately 25 nm offshore).  
Densities were corrected for availability bias, and the corrected density estimate for 2000 was 
0.2186 (CV=0.153), with an abundance of 4,491.  This number applies only to winter/spring 
months and only to areas within 25 nm (46 km) of the Main Hawaiian Islands. 

Hawaiian monk seals, an endangered species, are resident throughout the Hawaiian Islands.  
They are more numerous in the Northwestern Hawaiian Islands where most pupping and 
foraging occurs (Johanos and Baker, 2005).  The most recent population estimate is 1,252 
(Carretta et al., 2006), which is applicable to the entire archipelago.  However, approximately 77 
monk seals are present in and around the Main Hawaiian Islands and spend approximately one-
third of the time onshore (hauled-out) according to the Monk Seal Recovery Plan (National 
Marine Fisheries Service, 2007).   

The SMA areas are divided into the percentage of area within 25 nm of Land and beyond 25 nm 
of Land, based on the offshore surveys by Mobley (Mobley, et al, 2000) and the preliminary 
analysis by Barlow (Barlow, 2003).  Those divisions are not applicable for the densities used 
here, with the exception of humpback whales. 

Each SMA should be assessed in the following manner: 

1. Humpback whales—occurrence is limited to offshore areas within 25 nm of land as the 
only areas to which density/abundance is applied.   
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2. Monk seals—occurrence is limited to offshore areas only.  As noted, monk seals spend 
approximately one-third of the time hauled-out on shore, and so the potential time for 
impact on monk seals is reduced by 33%.  Monk seals forage in waters generally less 
than 100 m and occasionally dive to over 500 m (National Marine Fisheries Service 
2007).  The areas between the shore and 500 m depth, where monk seals are assumed 
to be concentrated, will be applied for modeling impacts on monk seals.   
 

3. Fraser’s dolphin, Bryde’s whale, Longman’s beaked whale—occurrence appears to be in 
offshore areas only.  Therefore, the percentage of each SMAs that are beyond 75 nm of 
the Main Hawaiian Islands (see Figure 1 in Barlow [Barlow, 2006]) are the only areas to 
which density/abundance should be applied.   

 
4. All marine mammal species not specifically noted in #1 and 2 above—occurrence is 

throughout the Hawaiian Islands including Leeward Islands.  Therefore, the percentage 
of SMAs from 200 nm (370 km) of land (likely 100% for each SMA) are the areas to 
which density/abundance should be applied. 

 

The animal area densities for the HRC are given in Table J-47. 
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Table J-47. Hawaiian Islands Animal Densities 
 

Species Name Scientific Name Abundance Area for 
population (km2)* 

Density 
(#/km2) 

CV Area Season Reference 

Bryde’s whale  B. edeni  469 N/A 0.0002 0.45 75-200 nm offshore Year-round Barlow 2006 
Humpback whale Megaptera novaeangliae 4,491 N/A 0.2186 0.15 0-25 nm offshore Dec-Mar Mobley et al. 

2001 
Sperm whale Physeter catodon  6,919 N/A 0.0028 0.81 0-200 nm offshore Year-round Barlow 2006 
Dwarf sperm whale Kogia sima  17,519 N/A 0.0071 0.74 0-200 nm offshore Year-round Barlow 2006 
Pygmy sperm whale Kogia breviceps  7,138 N/A 0.0029 1.12 0-200 nm offshore Year-round Barlow 2006 
Cuvier’s beaked whale Ziphius cavirostris  15,242 N/A 0.0062 1.43 0-200 nm offshore Year-round Barlow 2006 
Longman’s beaked whale  Indopacetus pacificus  1,007 N/A 0.0004 1.26 75-200 nm offshore Year-round Barlow 2006 
Blainville’s beaked whale  Mesoplodon densirostris 2,872 N/A 0.0012 1.25 0-200 nm offshore Year-round Barlow 2006 
Unidentified beaked 
whale  

Family Ziphiidae  371 N/A 0.0002 1.17 0-200 nm offshore Year-round Barlow 2006 

Bottlenose dolphin Tursiops truncatus  3,215 N/A 0.0013 0.59 0-200 nm offshore Year-round Barlow 2006 
False killer whale  Pseudorca crassidens  236 N/A 0.0001 1.13 0-200 nm offshore Year-round Barlow 2006 
Killer whale  Orcinus orca  349 N/A 0.0001 0.98 0-200 nm offshore Year-round Barlow 2006 
Pygmy killer whale  Feresa attenuata  956 N/A 0.0004 0.83 0-200 nm offshore Year-round Barlow 2006 
Short-finned pilot whale Globicephala 

macrorhychus  
8,870 N/A 0.0036 0.38 0-200 nm offshore Year-round Barlow 2006 

Risso’s dolphin  Grampus griseus  2,372 N/A 0.0010 0.65 0-200 nm offshore Year-round Barlow 2006 
Melon-headed whale Peponocephala electra  2,950 N/A 0.0012 1.17 0-200 nm offshore Year-round Barlow 2006 
Rough-toothed dolphin  Steno bredanensis  8,709 N/A 0.0036 0.45 0-200 nm offshore Year-round Barlow 2006 
Fraser’s dolphin  Lagenodelphis hosei  10,226 N/A 0.0042 1.16 75-200 nm offshore Year-round Barlow 2006 
Offshore pantropical 
spotted dolphin  

Stenella attenuata  8,978 N/A 0.0037 0.48 0-200 nm offshore Year-round Barlow 2006 

Spinner dolphin Stenella longirostris  3,351 N/A 0.0014 0.74 0-200 nm offshore Year-round Barlow 2006 
Striped dolphin  Stenella coeruleoalba  13,143 N/A 0.0054 0.46 0-200 nm offshore Year-round Barlow 2006 

Hawaiian monk seal  Monachus schauinslandi 1,252 360,000 0.0035 N/A Offshore Hawaiian 
Island Archipelago 

Year-round Caretta et al. 
2006 

* Area was derived via ArcMap (obtaining individual areas for all Main Hawaiian Islands then subtracting those from the overall area of the Hawaiian Island archipelago). 

Density for monk seals derived via dividing the abundance from Caretta et al (2006) with the area obtained via ArcMap.   

N/A = Not Available 
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J.1.5.2 Hawaii Range Complex Marine Mammal Depth Distribution Summary 
There is very limited depth distribution data for most marine mammals.  This is especially true 
for cetaceans, as they must be tagged at-sea and using a tag that either must be implanted in 
the skin/blubber in some manner or that adheres to the skin.  There is slightly more data for 
some pinnipeds, as they can be tagged while on shore during breeding or molting seasons and 
the tags can be glued to the pelage rather than implanted.  There are a few different 
methodologies/techniques that can be used to determine depth distribution percentages, but by 
far the most widely used technique at this time is the time-depth recorder.  These instruments 
are designed to be attached to the animal for a fairly short period of time (several hours to a few 
days) via a suction cup, and are retrieved immediately after detachment.  Depth information can 
also be collected via satellite tags, sonic tags, digital tags, and, for sperm whales, via acoustic 
tracking of sounds produced by the animal itself. 

Barlow (Barlow, 2006) provides density values for 20 species (Table 4).  There were several 
species/species groups seen during the 2002 survey for which no abundance/density was 
calculated; these species are not included in the depth distribution analysis.  Monk seals are 
present year-round and humpbacks are seasonally present in shallow waters of the Hawaiian 
Islands, bringing the total number of species requiring depth distribution data to 22.  Of these 
22, there are somewhat suitable depth distribution data for 10.  Sample sizes are extremely 
small for these 10 species, usually fewer than 10 animals total and often only one or two 
animals.  Depth distribution information often must be interpreted from other dive and or 
preferred prey characteristics, so confidence in any of these depth distributions is not high.  
However, these depth distribution data represent the “best available” at this time.  Depth 
distributions for the remaining 12 cetaceans in the Hawaiian Islands area have been 
extrapolated from similar species to provide the “best available” depth distribution information.   

Monk seals forage most frequently in less than 100-m depth but have been recorded foraging to 
500-m depth.   

J.1.5.2.1 Depth Distributions for Mysticetes 
Bryde’s whale (B. edeni)—–There are no depth distribution data for this species.  They feed on 
small schooling fish and krill.  They are quite a bit smaller than fin whales (13 feet versus 21 
feet) but still closer in size to fins than to blue whales.  Therefore, in light of the total lack of data 
for this species, fin whale (Balaenoptera physalus) depth distribution data will be extrapolated to 
Bryde’s whales.  Fin whale data from Ligurian Sea are the most complete (Panigada et al., 
2003), and showed differences between day and night diving; daytime dives were shallower 
(within 100 m) and night dives were deeper (>400 m), likely taking advantage of nocturnal prey 
migrations into shallower depths; this data may be atypical of fin whales elsewhere in areas 
where they do not feed on vertically-migrating prey.  Goldbogen (Goldbogen, et al. 2006) 
studied fins in southern CA and found that 60% of total time was spent diving, with the other 
40% near surface (<50 m); dives were to >225 m and were characterized by rapid gliding 
ascent, foraging lunges near the bottom of dive, and rapid ascent with flukes.  Dives are 
somewhat V-shaped, although the bottom of the V is wide.  Therefore, percent of time at depth 
levels for fin whales could be estimated as 40% at <50 m, 20% at 50 to 225 m (covering the 
ascent and descent times) and 40% at >225 m.   

Humpback whales (Megaptera novaeangliae)—In a feeding area (Greenland), 37% of time was 
spent at <4 m, 25% of time 4-20 m, 7% of time 20-35 m, 4% of time 35-50 m, 6% of time 50-100 
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m, 7% of time 100-150 m, 8% of time 150-200 m, 6% of time 200-300 m, <1% at >300 m (Dietz 
et al., 2002).  In a non-feeding area (HI), humpbacks spent 40% of time in 0-10 m, 27% in 11-20 
m, 12% in 21-30 m, 4% in 31-40 m, 3% in 41-50 m, 2% in 51-60 m, 2% in 61-70 m, 2% in 71-80 
m, 2% in 81-90 m, 2% in 91-100 m, 1% in 101-110 m, 1% in 111-120 m, 1% in 121-130 m, 1% 
in 131-140 m, and <1% in <140 m depth (Baird et al., 2000, Table 3).   

J.1.5.2.2 Depth Distributions for Odontocetes 
Sperm whale (Physeter catodon, aka Physeter macrocephalus)—Unlike other cetaceans, there 
is a preponderance of dive information for this species, most likely because it is the deepest 
diver of all species and so generates a lot of interest (and funding).  Sperm whales feed on large 
and medium-sized squid, octopus, rays and sharks, on or near the ocean floor.  Some evidence 
suggests that they do not always dive to the bottom of the sea floor (likely if food is elsewhere in 
the water column), but that they do generally feed at the bottom of the dive.  The most 
consistent dive type recorded is U-shaped, whereby the whale makes a rapid descent to the 
bottom of the dive, forages at various velocities while at depth (likely while chasing prey) and 
then ascends rapidly to the surface.  Perhaps the best source for depth distribution data comes 
from Amano and Yoshioka (2003), who attached a tag to a female sperm whale near Japan in 
an area where water depth was 1,000-1,500 m.  Based on values in Table 1 for dives with 
active bottom periods, the total dive sequence was 45.9 min (mean surface time plus dive 
duration).  Mean surface time divided by total time (8.5/45.9) yields a percent of time at the 
surface (0-2 m) of 19%.  Mean bottom time divided by total time (17.5/45.9) yields a percent of 
time at the bottom of the dive (in this case >800 m as the mean maximum depth was 840 m) of 
38%.  Total time in the water column descending or ascending equals duration of dive minus 
bottom time (37.4-17.5) or ~20 minutes.  Assuming a fairly equal descent and ascent rate (as 
shown in the table) and a fairly consistent descent/ascent rate over depth, we assume 10 
minutes each for descent and ascent and equal amounts of time in each depth gradient in either 
direction.  Therefore, 0-200 m = 2.5 minutes one direction (which correlates well with the 
descent/ascent rates provided) and therefore 5 minutes for both directions.  Same for 201-400 
m, 401-600 m and 601-800 m.  Therefore, the depth distribution for sperm whales based on 
information in the Amano paper is: 19% in 0-2 m, 10% in 2-200 m, 11% in 201-400 m, 11% in 
401-600 m, 11% in 601-800 m and 38% in >800 m.  The percentages derived above from data 
in Amano and Yoshioka (2003) are in fairly close agreement with those derived from Table 1 in 
Watwood et al. (2006) for sperm whales in the Ligurian Sea, Atlantic Ocean, and Gulf of Mexico.    

Dwarf sperm whale (Kogia sima)—There are no depth distribution data for this species.  Prey 
preference appears to be cephalopods, crustaceans and fish, and there is some evidence that 
they feed at the bottom.  In lieu of any other information, Blainville’s beaked whale depth 
distribution data will be extrapolated to dwarf sperm whales as the two species appear to have 
similar prey preferences and Kogia sp. are closer in size to Blainville’s than to sperm or Cuvier’s 
beaked whales.   

Pygmy sperm whale (Kogia breviceps)—There are no depth distribution data for this species.  
An attempt to record dive information on a rehabilitated pygmy sperm whale failed when the 
TDR package was never recovered (Scott et al., 2001).  Prey preference appears to be 
cephalopods, crustaceans and fish, and there is some evidence that they feed at the bottom.  In 
lieu of any other information, Blainville’s beaked whale depth distribution data will be 
extrapolated to pygmy sperm whales as the two species appear to have similar prey 
preferences and Kogia sp. are closer in size to Blainville’s than to sperm or Cuvier’s beaked 
whales. 
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Cuvier’s beaked whale (Ziphius cavirostris)—Studies in Hawaii (Baird et al., 2005a; Baird et al., 
2006) found that this species undertook three or four different types of dives, including 
intermediate (to depths of 292-568 m), deep (>1,000 m) and short-interventilation (within 2-3 m 
of surface).  Studies in the Canary Islands indicated that Cuvier’s beaked whales dived to 
>1,000 m and usually started “clicking” (actively searching for prey) around 475 m (Johnson et 
al., 2004; Soto et al, 2006).  Clicking continued at depths and ceased once ascent to the surface 
began, indicating active foraging at depth.  In both locations, Cuvier’s spent more time in deeper 
water than did Blainville’s, although maximum dive depths were similar.  There was no 
significant difference between day and night diving indicating that preferred prey likely do not 
undergo vertical migrations.  To determine depth distribution data for this species, the graph 
representing daytime dives in Figure 5 in Baird et al. (2005a) was used.  It would appear that 
~15% of total time is spent in 0-100 m depth, ~13% from 101-200 m depth, ~22% from 201-300 
m depth, ~13% from 301-600 m depth, ~6% from 601-800 m depth, ~11% from 801-1,000 m 
depth, and 20% at >1000 m.  These data are representative of only one animal so, like all the 
other depth distribution data, are very limited in scope. 

Longman’s beaked whale (aka Tropical bottlenose whale) (Indopacetus pacificus)—There are 
no depth distribution data for this species, and preferred prey species are also unknown.  There 
has been one study on northern bottlenose whales, Hyperoodon ampullatus, which provides 
some guidance as to depth distribution (Hooker and Baird, 1999).  Most (62-70%, average = 
66%) of the time was spent diving (>40 m), and most dives were somewhat V-shaped.  Both 
shallow dives (<400 m) and deep dives (>800 m) were recorded, and whales spent 24-30% 
(therefore, average of 27%) of dives at 85% maximum depth indicating they feed near the 
bottom.  Using these data points, we estimate 34% of time at 0-40 m, 39% at 41-800 m, 27% at 
>800 m for H. ampullatus and extrapolate this to I. pacificus.   

Blainville’s beaked whale (Mesoplodon densirostris)—Studies in Hawaii (Baird et al., 2004; 
2005a; 2006) found that this species undertook several different types of dives, including 
shallow (0-50 m with most time at 0-20 m), deep (mean maximum of 890 and 1,408 m) and 
short-interventilation (within 2-4 m of surface).  Studies in the Canary Islands indicated that 
Blainville’s beaked whales dived to >655 m and usually started “clicking” (actively searching for 
prey) around 200-570 m (Johnson et al., 2004).  Clicking continued at depths and ceased once 
ascent to the surface began, indicating active foraging at depth.  To determine depth distribution 
data for this species, the top two left-side graphs in Figure 6 in Baird et al. (2005a) were used.  
It would appear that ~48% of total time is spent in 0-50 m depth, ~11% from 51-100 m depth, 
~11% from 101-200 m depth, ~9% from 201-500 m depth, ~5% from 501-800 m depth, ~5% 
from 801-1,000 m depth, and 11% at >1,000 m.  This data is representative of only two animals, 
so like all the other depth distribution data is very limited in scope.   

Unidentified beaked whale (Family Ziphiidae)—This encompasses all beaked whales and 
several genera that might be found offshore Hawaii.  Based on the total lack of additional 
information about what this species may have been, suggest using the limited dive information 
available for Cuvier’s beaked whale. 

Bottlenose dolphin (Tursiops truncatus)—There have been a few studies on bottlenose dolphin 
depth distributions.  Corkeron and Martin (2004) reported that two dolphins spent 66% of time in 
top 5 m of water surface; maximum dive depth was greater than 150 m, and there was no 
apparent diurnal pattern.  Based on this study plus information from Hastie et al. (2006), the 
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following depth distribution has been estimated for bottlenose dolphins: 66% of time at 0-10 m, 
12% at 11-20 m, 12% at 21-30 m, 5% at 31-40 m, 4% at 41-50 m, and 1% at >50 m.   

False killer whale (Pseudorca crassidens)—The only study conducted on false killer whales 
diving in Hawaii has not been published in any detail (Ligon and Baird, 2001), but an abstract 
provides limited information.  False killer whales did not dive deep and instead recorded 
maximum dives of 22, 52, and 53 m in near-shore Hawaii waters.  Based on the nearly total lack 
of data for this species, suggest using the limited dive information available for killer whales. 

Killer whale (Orcinus orca)—Diving studies on killer whales have been undertaken mainly on 
“resident” (fish-eating) killer whales in the Puget Sound and are likely not applicable across all 
populations of killer whales.  Diving is usually related to foraging, and mammal-eating killer 
whales may display different dive patterns.  Killer whales in one study (Baird et al., 2005b) dove 
as deep as 264 m, and males dove more frequently and more often to depths >100 m than 
females, with fewer deep dives at night.  Using best available data from Baird et al. (2003a), it 
would appear that killer whales spend ~4% of time at depths >30 m and 96% of time at depths 
<30 m.  Dives to deeper depths were often characterized by velocity bursts which may be 
associated with foraging or social activities.   

Pygmy killer whale (Feresa attenuata)—There are no depth distribution data for this species, 
and there is little information on prey preference.  In lieu of any other information, killer whale 
depth distribution data will be extrapolated to pygmy killer whales. 

Short-finned pilot whale (Globicephala macrorhychus)—The only study conducted on short-
finned pilot whales in Hawaii has not been published in any detail (Baird et al., 2003b), but an 
abstract did indicate that there are significant differences between day and night diving; dives of 
>100m were far more frequent at night, likely to take advantage of vertically-migrating prey; 
night dives regularly went to 300-500 m.  Deepest dives were during the day, however, perhaps 
because prey was deeper.  A closely-related species, the long-finned pilot whale, also shows 
marked differences in daytime and nighttime diving in studies in the Ligurian Sea (Baird et al., 
2002), but there is no information on percent of time at various depth categories.  A study 
following two rehabilitated and released long-finned pilot whales provides a breakdown of 
percent of time at depth distribution for two whales (Nawojchik et al., 2003).  Averaging the 
values for the two whales results in the following depth distribution breakdown: 64% at <15 m, 
19% at 16-50 m, 7% at 51-100m, 4% at 101-150 m, 5% at 151-200 m, 1% at 201-250 m and 
<1% at >250 m.  As the same type of detailed dive depth distribution is not available for SF pilot 
whales, these numbers will have to suffice. 

Risso’s dolphin (Grampus griseus)—There are no depth distribution data for this species.  They 
are primarily squid eaters and feeding is presumed to take place at night.  In lieu of any other 
information, short-finned pilot whale depth distribution data will be extrapolated to Risso’s 
dolphins. 

Melon-headed whale (Peponocephala electra)—There are no depth distribution data for this 
species.  They are primarily squid and pelagic fish eaters and at least some feeding is 
presumed to take place at fairly deep depth.  In lieu of any other information, short-finned pilot 
whale depth distribution data will be extrapolated to melon-headed whales. 
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Rough-toothed dolphin (Steno bredanensis)—There are no depth distribution data for this 
species.  They are believed to be deep divers and feeders.  In lieu of any other information, 
spinner dolphin depth distribution data will be extrapolated for rough-toothed dolphins. 

Fraser’s dolphin (Lagenodelphis hosei—Studies on diving by this species have not been 
undertaken, but studies of stomach contents in the eastern tropical Pacific and Sulu Sea 
indicate that they eat myctophid fish as well as cephalopods and crustaceans (Dolar et al., 
2003).  Based on prey species, this species apparently regularly feeds in deeper waters than 
spinner dolphins as several of its major prey items are regularly found between 600 and 
1,000 m.  It is believed that Fraser’s dolphins also feed mainly at night.  Based on this very 
limited information, the following are very rough order estimates of time at depth: daytime: 100% 
at 0-50 m; nighttime: 100% at 0-700 m. 

Offshore pantropical spotted dolphin (Stenella attenuata)—One study on this species in Hawaii 
contains dive information (Baird et al., 2001).  The biggest differences recorded were in the 
increase in dive activity at night.  During the day, 89% of time was spent within 0-10 m, most of 
the rest of the time was 10-50 m, and the deepest dive was to 122 m.  At night, only 59% of time 
was spent from 0-10 m and the deepest dive was to 213 m; dives were especially pronounced 
at dusk.  For activities conducted during daytime-only, the depth distribution would be 89% at 0-
10 m and 11% at 11-50 m, with <1% at 51-122 m.  For activities conducted over a 24-hour 
period, the depth distribution needs to be modified to reflect less time at surface and deeper 
depth dives; 80% at 0-10 m, 8% at 11-20 m, 2% at 21-30 m, 2% at 31-40 m, 2% at 41-50 m, 
and 6% at 51-213 m. 

Spinner dolphin (Stenella longirostris)—Studies on spinner dolphins in Hawaii have been carried 
out using active acoustics (fish-finders) (Benoit-Bird and Au, 2003).  These studies show an 
extremely close association between spinner dolphins and their prey (small, mesopelagic 
fishes).  Mean depth of spinner dolphins was always within 10 m of the depth of the highest prey 
density.  These studies have been carried out exclusively at night, as stomach content analysis 
indicates that spinners feed almost exclusively at night when the deep scattering layer moves 
toward the surface bringing potential prey into relatively shallower (0-400 m) waters.  Prey 
distribution during the day is estimated at 400-700 m.  Based on these data, the following are 
very rough order estimates of time at depth: daytime: 100% at 0-50 m; nighttime: 100% at  
0-400 m. 

Striped dolphin (Stenella coeruleoalba)—Studies are rare on this species.  In lieu of any other 
information, pantropical spotted dolphin depth distribution data will be extrapolated to striped 
dolphins. 

J.1.5.2.3 Depth Distributions of Pinnipeds 

Hawaiian monk seal (Monachus schauinslandi)—There have been several recent studies on 
foraging patterns by monk seals near rookeries in the Northwestern Hawaiian Islands.  Dive 
depths appear to differ slightly between rookeries as well as between age and sex classes.  At 
Pearl and Hermes Reef, most dives were from 8-40 m with a second much smaller node at 100-
120 m (Stewart, 2004).  At Kure Atoll, most dives were shallower than 40 m, with males tending 
to dive deeper than females (Stewart and Yochem, 2004a).  At Laysan Island, a similar dive 
pattern was recorded with most dives shallower than 40 m, but at that location females tended 
to dive deeper than males (250-350 m) (Stewart and Yochem, 2004b).  Parrish et al (2002) 
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noted a tendency towards night diving at French Frigate Shoals, with dives to ~80-90 m.  The 
recent monk seal recovery plan update summarizing this data indicates that monk seals 
generally forage at depths less than 100 m but occasionally dive to over 500 m (National Marine 
Fisheries Service 2007).  Based on these data, the following are rough order estimates of time 
at depth: 90% at 0-40 m; 9% at 40-120 m; 1% at >120 m.   

J.1.5.3 Exposure Estimates 
The following sperm whale example demonstrates the methodology used to create a three-
dimensional density by merging the area densities with the depth distributions.   The sperm 
whale surface density is 0.0028 whales per square kilometer.  From the depth distribution 
report, “depth distribution for sperm whales based on information in the Amano paper is:  19% in 
0-2 m, 10% in 2-200 m, 11% in 201-400 m, 11% in 401-600 m, 11% in 601-800 m and 38% in 
>800 m.”  So the sperm whale density at 0 to 2 m is (0.0028*0.19/0.002 = ) 0.266 per cubic km, 
at 2-200 m is (0.0028*0.10/0.198 = ) 0.001414 per cubic km, and so forth. 

In general, the impact volume vector samples depth in finer detail than given by the depth 
distribution data.  When this is the case, the densities are apportioned uniformly over the 
appropriate intervals.  For example, suppose the impact volume vector provides volumes for the 
intervals 0 to 2 m, 2 to 10 m, and 10 to 50 m.  Then for the depth-distributed densities discussed 
in the preceding paragraph:  

• 0.266 whales per cubic km is used for 0 to 2 m,  

• 0.001414 whales per cubic km is used for the 2 to 10 m, and  

• 0.001414 whales per square km is used for the 10 to 50 m.   
 
Once depth-varying, three-dimensional densities are specified for each species type, with the 
same depth intervals and the ensonified volume vector, the density calculations are finished.  
The expected number of ensonified animals within each depth interval is the ensonified volume 
at that interval multiplied by the volume density at that interval, and this can be obtained as the 
dot product of the ensonified volume and animal density vectors.   

Since the ensonified volume vector is the ensonified volume per unit operation (i.e., per hour, 
per sonobuoy, etc), the final exposure count for each animal is the unit operation exposure 
count multiplied by the number of units (hours, sonobuoys, etc).  The tables below are 
organized by alternative and threshold level; each table represents the total yearly exposures 
modeled at different threshold levels for each alternative.  For sonar sources, exposures are 
reported at the appropriate risk function level, TTS, and PTS. 

The number of total exposures at different threshold levels for each alternative are presented in 
Section 4.1.2 in Volume 2 of the HRC EIS/OEIS.   
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J.2 RISK FUNCTION MODELING  

J.2.1 RISK FUNCTION:  THEORETICAL AND PRACTICAL IMPLEMENTATION 
This section discusses the recent addition of a risk function "threshold" to acoustic effects 
analysis procedure.  This approach includes two parts, a new metric, and a function to map 
exposure level under the new metric to probability of harassment.  What these two parts mean, 
how they affect exposure calculations, and how they are implemented are the objects of 
discussion. 

J.2.1.1 Thresholds and Metrics 
The term "thresholds" is broadly used to refer to both thresholds and metrics.  The difference, 
and the distinct roles of each in effects analyses, will be the foundation for understanding the 
risk function approach, putting it in perspective, and showing that, conceptually, it is similar to 
past approaches. 

Sound is a pressure wave, so at a certain point in space, sound is simply rapidly changing 
pressure.  Pressure at a point is a function of time.  Define p(t) as pressure (in micropascals) at 
a given point at time t (in seconds); this function is called a “time series.”  Figure J-7 gives the 
time series of the first “hallelujah” in Handel's Hallelujah Chorus.  
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Figure J-7.  Time Series 
 
The time-series of a source can be different at different places.  Therefore, sound, or pressure, 
is not only a function of time, but also of location.  Let the function p(t), then be expanded to 
p(t;x,y,z) and denote the time series at point (x,y,z) in space.  Thus, the series in Figure J-7 p(t) 
is for a given point (x,y,z).  At a different point in space, it would be different.   

Assume that the location of the source is (0,0,0) and this series is recorded at (0,10,-4).  The 
time series above would be p(t;0,10,-4) for 0<t<2.5.   

As in Figure J-7, pressure can be positive or negative, but usually the function is squared so it is 
always positive; this makes integration meaningful.  Figure J-8 is )4,10,0;(2 −tp . 
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Figure J-8.  Time Series Squared 
 
The metric chosen to evaluate the sound field at the end of this first “hallelujah” determines how 
the time series is summarized from thousands of points, as in Figure J-7, to a single value for 
each point (x,y,z) in the space.  The metric essentially “boils down” the four dimensional 
p(t,x,y,z) into a three dimensional function m(x,y,z) by dealing with time.  There is more than 
one way to summarize the time component, so there is more than one metric. 

Max SPL 
One way to summarize ),,;(2 zyxtp  to one number over the 2.5 seconds is to only report the 
maximum value of the function over time or,  
 

{ }),,,(max 2
max zyxtpSPL =  for 0<t<2.5 

 
The maxSPL for this snippet of the Hallelujah Chorus is 211103.2 Paμ×  and occurs at 0.2825 
seconds, as shown in Figure J-9. 
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Figure J-9.  Max SPL of Time Series Squared 
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Integration 

maxSPL is not necessarily influenced by the duration of the sound (2.5 seconds in this case).  
Integrating the function over time does take this duration into account.  A simple integration of 

),,;(2 zyxtp over t is common and usually called “energy.” 

∫=
T

dtzyxtpEnergy
0

2 ),,,(  where T is the maximum time of interest, in this case 2.5 

The energy for this snippet of the Hallelujah Chorus is sPa ⋅× μ111024.1 . 
 
Energy is sometimes called “equal energy” because if p(t) is a constant function and the 
duration is doubled, the effect is the same as doubling the signal amplitude (y value).  Thus, the 
duration and the signal have an “equal” influence on the energy metric. 

Mathematically,  

∫∫∫ ==
TTT

dttpdttpdttp
0

2

0

2
2

0

2 )(2)(2)(  

 
or a doubling in duration equals a doubling in energy equals a doubling in signal. 
 
Sometimes, the integration metrics are referred to as having a “3 dB exchange rate” because if 
the duration is doubled, this integral increases by a factor of two, or 10log10(2)=3.01 dB.  Thus, 
equal energy has “a 3 dB exchange rate.” 

After p(t) is determined (i.e., when the stimulus is over), propagation models can be used to 
determine p(t;x,y,z) for every point in the vicinity and for a given metric.  Define  

=),,,( Tzyxma value of metric "a" at point (x,y,z) after time T 
 
So,  

 

∫=
T

energy dttpTzyxm
0

2)();,,(  

[ ]TovertpTzyxm SPL ,0))(max();,,(max =  
 
Since modeling is concerned with the effects of an entire event, T is usually implicitly defined: a 
number that captures the duration of the event.  This means that ),,( zyxma is assumed to be 
measured over the duration of the received signal. 

Three Dimensions vs Two Dimensions 
To further reduce the calculation burden, it is possible to reduce the domain of ),,( zyxma  to 
two dimensions by defining { }),,(max),( zyxmyxm aa = over all z. 
This reduction is not used for this analysis, which is exclusively three-dimensional. 
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Threshold 
For a given metric, a threshold is a function that gives the probability of exposure at every value 
of am .  This threshold function will be defined as  

)),,(Pr()),,(( zyxmateffectzyxmD aa =  
The domain of D is the range of ),,( zyxma , and its range is the number of thresholds. 

An example of threshold functions is the Heavyside (or unit step) function, currently used to 
determine permanent and temporary threshold shift (PTS and TTS) in cetaceans.  For PTS, the 
metric is ),,( zyxmenergy , defined above, and the threshold function is a Heavyside function with 
a discontinuity at 215 dB, shown in Figure J-10. 
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Figure J-10.  PTS Heavyside Threshold Function 
 
 
Mathematically, this D is defined as: 
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Any function can be used for D, as long as its range is in [0,1].  The risk function as described in 
U.S. Department of the Navy (2001), uses the mathematical function below as adapted from a 
solution in Feller (1968).  
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Where: R = risk (0 – 1.0); 
  L = Received Level (RL) in dB; 
  B = basement RL in dB; (120 dB); 
  K = the RL increment above basement in dB at which there is 50 percent risk;  
  A = risk transition sharpness parameter (10) (explained in 3.1.5.3). 
 
 

Multiple Metrics and Thresholds 
It is possible to have more than one metric, and more than one threshold in a given metric.  For 
example, in this document, humpback whales have two metrics (energy and max SPL), and 
three thresholds (two for energy, one for max SPL).  The energy thresholds are heavyside 
functions, as described above, with discontinuities at 215 and 195 for PTS and TTS 
respectively.     

J.2.1.2 Calculation of Expected Exposures 
Determining the number of expected exposures for disturbance is the object of this analysis.  
 
Expected exposures in volume V= ∫

V
a dVVmDV ))(()(ρ   

 
For this analysis, SPLa mm max= , so 
 

∫ ∫ ∫ ∫
∞

∞−

∞

∞−

∞

∞−

=
V

SPLa dxdydzzyxmDzyxdVVmDV )),,((),,()(()( maxρρ  

 
In this analysis, the densities are constant over the x/y plane, and the z dimension is always 
negative, so this reduces to 

∫ ∫ ∫
∞−

∞

∞−

∞

∞−

0

max )),,(()( dxdydzzyxmDz SPLρ  

 
 
Numeric Implementation 

Numeric integration of ∫ ∫ ∫
∞

∞−

∞

∞−

∞

∞−

dxdydzzyxmDz SPL )),,(()( maxρ  can be involved because, although 

the bounds are infinite, D is non-negative out to 120 dB, which, depending on the environmental 
specifics, can drive propagation loss calculations and their numerical integration out to more 
approximately 120 km (65 nautical miles) from an AN/SQS 53 sonar having a source level of 
235 dB.   
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The first step in the solution is to separate out the x/y-plane portion of the integral: 

Define f(z)= ∫ ∫
∞

∞−

∞

∞−

dxdyzyxmD SPL )),,(( max .  

Calculation of this integral is the most involved and time consuming part of the calculation.  
Once it is complete,  

∫ ∫ ∫
∞−

∞

∞−

∞

∞−

0

max )),,(()( dxdydzzyxmDz SPLρ = ∫
∞−

0

)()( dzzfzρ ,  

 
which, when numerically integrated, is a simple dot product of two vectors. 

Thus, the calculation of f(z) requires the majority of the computation resources for the numerical 
integration.  The rest of this section presents a brief outline of the steps to calculate f(z) and 
preserve the results efficiently.   

The concept of numerical integration is, instead of integrating over continuous functions, to 
sample the functions at small intervals and sum the samples to approximate the integral.  The 
smaller the size of the intervals, the closer the approximation, but the longer the calculation, so 
a balance between accuracy and time is determined in the decision of step size.  For this 
analysis, z is sampled in 5-m steps to 1,000 m in depth and 10-m steps to 2,000 m, which is the 
limit of animal depth in this analysis.  The step size for x is 5 m, and y is sampled with an 
interval that increases as the distance from the source increases.  Mathematically, 
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for integers k,j, which depend on the propagation distance for the source.  For this analysis, 
k=20,000 and j=600. 

With these steps, ∫ ∫
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where X,Y are defined as above. 
 
This calculation must be repeated for each Zz ∈0 , to build the discrete function f(z). 
 
With the calculation of f(z) complete, the integral of its product with )(zρ must be calculated to 
complete evaluation of  
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Since f(z) is discrete, and )(zρ can be readily made discrete,  
 

∫
∞−

0

)()( dzzfzρ  is approximated numerically as ∑
∈Zz

zfz )()(ρ , a dot product. 

 
Preserving Calculations for Future Use 
Calculating f(z) is the most time-consuming part of the numerical integration, but the most time-
consuming portion of the entire process is calculating ),,(max zyxm SPL  over the area range 
required for the minimum basement value (120 dB).  The calculations usually require 
propagation estimates out to over 100 km, and those estimates, with the beam pattern, are used 
to construct a sound field that extends 200 km x 200 km—40,000 sq km, with a calculation at 
the steps for every value of X and Y, defined above.  This is repeated for each depth, to a 
maximum of 2,000 m.    

Saving the entire ),,(max zyxm SPL  for each z is unrealistic, requiring great amounts of time and 
disk space.  Instead, the different levels in the range of ),,(max zyxm SPL  are sorted into 0.5 dB 
wide bins; the volume of water at each bin level is taken from ),,(max zyxm SPL , and associated 
with its bin.  Saving this, just the amount of water ensonified at each level, at 0.5 dB resolution, 
preserves the ensonification information without using the space and time required to save 

),,(max zyxm SPL  itself.  Practically, this is a histogram of occurrence of level at each depth, with 
0.5 dB bins.  Mathematically, this is simply defining the discrete function V(L,z), where L=.5a for 
every 1Ra ∈ .  These functions, or histograms, are saved for future work.  The information lost 
by saving only the histograms is where in space the different levels occur, although how often 
they occur is saved.  But the thresholds (risk function curves) are purely a function of level, not 
location, so this information is sufficient to calculate f(z). 

Applying the risk function to the histograms is a dot product: 
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So, once the histograms are saved, neither ),,(max zyxm SPL  nor f(z) must be recalculated to 

generate ∫ ∫ ∫
∞

∞−

∞

∞−

∞

∞−

dxdydzzyxmDz SPL )),,(()( maxρ  for a new threshold function. 

 
For the interested reader, the following section includes an in-depth discussion of the method, 
software, and other details of the f(z) calculation. 
 

J.2.1.3 Software Detail 
The risk function metric uses the cumulative normal probability distribution to determine the 
probability that an animal is affected by a given sound pressure level.  The probability 
distribution is defined by the risk function presented above.  The acoustic quantity of interest is 
the maximum sound pressure level experienced over multiple pings in a range-independent 
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environment.  The procedure for calculating the impact volume at a given depth is relatively 
simple.   

In brief, given the sound pressure level of the source and the transmission loss (TL) curve, the 
sound pressure level is calculated on a volumetric grid.  For a given depth, volume associated 
with a sound pressure level interval is calculated.  Then, this volume is multiplied by the 
probability that an animal will be affected by that sound pressure level.  This gives the impact 
volume for that depth, that can be multiplied by the animal densities at that depth, to obtain the 
number of animals affected at that depth.  The process repeats for each depth to construct the 
impact volume as a function of depth. 

The case of a single emission of sonar energy, one ping, illustrates the computational process 
in more detail.  First, the sound pressure levels are segregated into a sequence of bins that 
cover the range encountered in the area.  The sound pressure levels are used to define a 
volumetric grid of the local sound field.  The impact volume for each depth is calculated as 
follows: for each depth in the volumetric grid, the sound pressure level at each x/y plane grid 
point is calculated using the sound pressure level of the source, the TL curve, the horizontal 
beam pattern of the source, and the vertical beam patterns of the source.  The sound pressure 
levels in this grid become the bins in the volume histogram.  Figure J-11 shows a volume 
histogram for a low power sonar.  Level bins are 0.5 dB in width and the depth is 50 m in an 
environment with water depth of 100 m.  The oscillatory structure at very low levels is due the 
flattening of the TL curve at long distances from the source, which magnifies the fluctuations of 
the TL as a function of range.  The “expected” impact volume for a given level at a given depth 
is calculated by multiplying the volume in each level bin by the risk function probability function 
at that level.  Total expected impact volume for a given depth is the sum of these “expected” 
volumes.  Figure J-12 is an example of the impact volume as a function of depth at a water 
depth of 100 m.  
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Figure J-11.  Example of a Volume Histogram 
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Figure J-12.  Example of the Dependence of Impact Volume on Depth 

 

The volumetric grid covers the waters in and around the area of sonar operation.  The grid for 
this analysis has a uniform spacing of 5 m in the x-coordinate and a slowly expanding spacing in 
the y-coordinate that starts with 5 m spacing at the origin.  The growth of the grid size along the 
y-axis is a geometric series.  Each successive grid size is obtained from the previous by 
multiplying it by 1+Ry, where Ry is the y-axis growth factor.  This forms a geometric series.  The 
nth grid size is related to the first grid size by multiplying by (1+Ry)(n-1).  For an initial grid size of 
5 m and a growth factor of 0.005, the 100th grid increment is 8.19 m.  The constant spacing in 
the x-coordinate allows greater accuracy as the source moves along the x-axis.  The slowly 
increasing spacing in y reduces computation time, while maintaining accuracy, by taking 
advantage of the fact that TL changes more slowly at longer distances from the source.  The x-
and y-coordinates extend from –Rmax to +Rmax, where Rmax is the maximum range used in 
the TL calculations.  The z direction uses a uniform spacing of 5 m down to 1,000 m and 10 m 
from 1,000 to 2,000 m.  This is the same depth mesh used for the effective energy metric as 
described above.  The depth mesh does not extend below 2,000 m, on the assumption that 
animals of interest are not found below this depth. 

The next three figures indicate how the accuracy of the calculation of impact volume depends 
on the parameters used to generate the mesh in the horizontal plane.  Figure J-13 shows the 
relative change of impact volume for one ping as a function of the grid size used for the x-axis. 
The y-axis grid size is fixed at 5 m and the y-axis growth factor is 0, i.e., uniform spacing.  The 
impact volume for a 5 m grid size is the reference.  For grid sizes between 2.5 and 7.5 m, the 
change is less than  0.1%.  A grid size of 5 m for the x-axis is used in the calculations.  Figure 
J-14 shows the relative change of impact volume for one ping as a function of the grid size used 
for the y-axis. The x-axis grid size is fixed at 5 m and the y-axis growth factor is 0.  The impact 
volume for a 5 m grid size is the reference.  This figure is very similar to that for the x-axis grid 
size.  For grid sizes between 2.5 and 7.5 m, the change is less than 0.1%.  A grid size of 5 m is 
used for the y-axis in our calculations.  Figure J-15 shows the relative change of impact volume 
for one ping as a function of the y-axis growth factor.  The x-axis grid size is fixed at 5 m and the 
initial y-axis grid size is 5 m.  The impact volume for a growth factor of 0 is the reference.  For 
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growth factors from 0 to 0.01, the change is less than 0.1%.  A growth factor of 0.005 is used in 
the calculations. 
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Figure J-13.  Change of Impact Volume as a Function of X-axis Grid Size 
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Figure J-14.  Change of Impact Volume as a Function of Y-axis Grid Size 
 



 
Appendix J Acoustic Impact Modeling 

 

May 2008 Hawaii Range Complex Final EIS/OEIS  J-67 
 
  

-0.1%

0.0%

0.1%

0.000 0.002 0.004 0.006 0.008 0.010

Y Axis Growth Factor

Pe
rc

en
ta

ge
 C

ha
ng

e

 

Figure J-15.  Change of Impact Volume as a Function of Y-axis Growth Factor 
 

Another factor influencing the accuracy of the calculation of impact volumes is the size of the 
bins used for sound pressure level.  The sound pressure level bins extend from 100 dB (far 
lower than required) up to 300 dB (much higher than that expected for any sonar system).  
Figure J-16 shows the relative change of impact volume for one ping as a function of the bin 
width.  The x-axis grid size is fixed at 5 m the initial y-axis grid size is 5 m, and the y-axis growth 
factor is 0.005.  The impact volume for a bin size of 0.5 dB is the reference.  For bin widths from 
0.25 dB to 1.00 dB, the change is about 0.1%.  A bin width of 0.5 is used in our calculations. 
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Figure J-16.  Change of Impact Volume as a Function of Bin Width 
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Two other issues for discussion are the maximum range (Rmax) and the spacing in range and 
depth used for calculating TL.  The TL generated for the energy accumulation metric is used for 
risk function analysis.  The same sampling in range and depth is adequate for this metric 
because it requires a less demanding computation (i.e., maximum value instead of accumulated 
energy).  Using the same value of Rmax needs some discussion since it is not clear that the 
same value can be used for both metrics.  Rmax was set so that the TL at Rmax is more than 
needed to reach the energy accumulation threshold of 173 dB for 1000 pings.  Since energy is 
accumulated, the same TL can be used for one ping with the source level increased by 30 dB 
(10 log10(1000)).  Reducing the source level by 53 dB, to get back to its original value, permits 
the handling of a sound pressure level threshold down to 120 dB, established by National 
Marine Fisheries Service as the minimum required.  Hence, the TL calculated to support energy 
accumulation for 1,000 pings will also support calculation of impact volumes for the risk function 
metric. 

The process of obtaining the maximum sound pressure level at each grid point in the volumetric 
grid is straightforward.  The active sonar starts at the origin and moves at constant speed along 
the positive x-axis emitting a burst of energy, a ping, at regularly spaced intervals.  For each 
ping, the distance and horizontal angle connecting the sonar to each grid point is computed.  
Calculating the TL from the source to a grid point has several steps.  The TL is made up of the 
sum of many eigenrays connecting the source to the grid point.  The beam pattern of the source 
is applied to the eigenrays based on the angle at which they leave the source.  After summing 
the vertically beamformed eigenrays on the range mesh used for the TL calculation, the 
vertically beamformed TL for the distance from the sonar to the grid point is derived by 
interpolation.  Next, the horizontal beam pattern of the source is applied using the horizontal 
angle connecting the sonar to the grid point.  To avoid problems in extrapolating TL, only use 
grid points with distances less than Rmax are used.  To obtain the sound pressure level at a grid 
point, the sound pressure level of the source is reduced by that TL.  For the first ping, the 
volumetric grid is populated by the calculated sound pressure level at each grid point.  For the 
second ping and subsequent pings, the source location increments along the x-axis by the 
spacing between pings and the sound pressure level for each grid point is again calculated for 
the new source location.  Since the risk function metric uses the maximum of the sound 
pressure levels at each grid point, the newly calculated sound pressure level at each grid point 
is compared to the sound pressure level stored in the grid.  If the new level is larger than the 
stored level, the value at that grid point is replaced by the new sound pressure level. 

For each bin, a volume is determined by summing the ensonified volumes with a maximum SPL 
in the bin's interval.  This forms the volume histogram shown in J-11.  Multiplying by the risk 
function probability function for the level at the center of a bin gives the impact volume for that 
bin.  The result can be seen in Figure J-12, which is an example of the impact volume as a 
function of depth.  

The impact volume for a sonar moving relative to the animal population increases with each 
additional ping.  The rate at which the impact volume increases for the risk function metric is 
essentially linear with the number of pings.  Figure J-17 shows the dependence of impact 
volume on the number of pings.  The function is linear; the slope of the line at a given depth is 
the impact volume added per ping.  This number multiplied by the number of pings in an hour 
gives the hourly impact volume for the given depth increment.  Completing this calculation for all 
depths in a province, for a given source, gives the hourly impact volume vector which contains 
the hourly impact volumes by depth for a province.  Figure J-18 provides an example of an 
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hourly impact volume vector for a particular environment.  Given the speed of the sonar, the 
hourly impact volume vector could be displayed as the impact volume vector per kilometer of 
track. 
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Figure J-17.  Dependence of Impact Volume on the Number of Pings 
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Figure J-18.  Example of an Hourly Impact Volume Vector 
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J.3  DEFINITIONS AND METRICS FOR SOUND AND 
PROBABILITY/STATISTICS 

J.3.1 SOME FUNDAMENTAL DEFINITIONS OF ACOUSTICS  
Static Pressure (Acoustics) 
At a point in a fluid (gas or liquid), the static pressure is the pressure that would exist if there 
were no sound waves present (paraphrase from Beranek, 1986).  

Because pressure is a force applied to a unit area, it does not necessarily generate energy.  
Pressure is a scalar quantity—there is no direction associated with pressure (although a 
pressure wave may have a direction of propagation).  Pressure has units of force/area.  The SI 
derived unit of pressure is the pascal (Pa) defined as one N/m2.  Alternative units are many 
(lbs/ft2, bars, inches of mercury, etc); some are listed at the end of this section. 

Acoustic Pressure 
Without limiting the discussion to small amplitude or linear waves, define acoustic pressure as 
the residual pressure over the “average” static pressure caused by a disturbance.  As such, the 
“average” acoustic pressure is zero.  Here the “average” is usually taken over time (after 
Beranek, 1986). 

Mean-Square Pressure is usually defined as the short-term time average of the squared 
pressure: 

     dt)t(p
T
1 T

2∫
+τ

τ

, 

 
where p is pressure and  T is on the order of several periods of the lowest frequency component 
of the time series starting at time τ.  T can be greater, but should be specified as part of the 
metric.  

RMS Pressure is the square root of the mean-square pressure.  

Impedance 
In general impedance measures the ratio of force amplitude to velocity amplitude.  For acoustic 
plane waves, the ratio is ρc, where ρ is the fluid density and c the sound speed. 

Equivalent Plane Wave Intensity 
As noted by Bartberger (1965) and others, it is general practice to measure (and model) 
pressure (p) or rms pressure (prms), and then infer an intensity from the formula for plane waves 
in the direction of propagation: 

 Intensity = (prms)
2/ρc. 
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Such an inferred intensity should properly be labeled as the equivalent plane-wave intensity in 
the propagation direction. 

Energy Flux Density (EFD) 
EFD is the time integral of instantaneous intensity.  For plane waves, 

( )EFD
c

p t dt
T

= ∫1 2

0ρ
,  

 where ρc is the impedance.  Units are J/m2. 

J.3.2 DEFINITIONS RELATED TO SOUND SOURCES, SIGNALS, AND 
EFFECTS 

Source Intensity 
Define source intensity, I(θ,φ), as the intensity of the projected signal referred to a point at unit 
distance from the source in the direction (θ,φ).  (θ,φ) is usually unstated; in that case, it is 
assumed that propagation is in the direction of the axis of the main lobe of the projector's beam 
pattern. 

Source Power 
For an omni-directional source, the power radiated by the projector at range r is Ir(4πr2) where Ir 
is the radiated intensity at range r (in the far field).  If intensity has SI units of W/m2, then the 
power has units of W.  The result can be extrapolated to a unit reference distance if either I1 is 
known or Ir=I1/r2.  Then the source power at unit distance is 4πI1, where I1 is the intensity (any 
direction) at unit distance in units of power/area. 

Pure Tone Signal or Wave (Also, Continuous Wave, CW, Monochromatic Wave, 
Unmodulated Signal) 
Each term means a single-frequency wave or signal.  The actual bandwidth of the signal will 
depend on context, but could be interpreted as “single-frequency as far as can be determined.” 

Narrowband Signal 
Narrowband is a non-precise term.  It is used to indicate that the signal can be treated as a 
single-frequency carrier signal, which is made to vary (is modulated) by a second signal whose 
bandwidth is smaller than the carrier frequency.  In dealing with sonars, a bandwidth less than 
about 30% of center frequency is often spoken of as narrowband. 

Hearing Threshold 
“The threshold of hearing is defined as the sound pressure at which one, listening with both ears 
in a free field to a signal of waning level, can still just hear the sound, or if the signal is being 
increased from a level below the threshold, can just sense it.”  (Magrab, p.29, 1975) 
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“A threshold of audibility for a specified signal is the minimum effective sound pressure of that 
signal that is capable of evoking an auditory sensation (in the absence of noise) in a specified 
fraction of trials.”  (Beranek, p. 394, 1986) 

Temporary (Hearing) Threshold Shift (TTS) 
“The diminution, following exposure to noise, of the ability to detect weak auditory signals is 
termed temporary threshold shift (TTS), if the decrease in sensitivity eventually disappears…”  
(Magrab, p.35, 1975) 

Permanent (Hearing) Threshold Shift (PTS) 
“The diminution, following exposure to noise, of the ability to detect weak auditory signals is 
termed temporary threshold shift (TTS), if the decrease in sensitivity eventually disappears, and 
noise-induced permanent threshold shift  (NIPTS) if it does not.”  (Magrab, p.35, 1975) 

J.3.3 DECIBELS AND SOUND LEVELS 
Decibel (dB)—Because practical applications of acoustic power and energy involve wide 
dynamic ranges (e.g., from 1 to 1,000,000,000,000), it is common practice to use the logarithm 
of such quantities.  For a given quantity Q, define the decibel as: 

 10 log (Q/Q0) dB  re  Q0 

where Q0 is a reference quantity and log is the base-10 logarithm. 

The word “level” usually indicates decibel quantity (e.g., sound pressure level or spectrum 
level). Some specific examples for this document follow. 

Sound Pressure Level 
For pressure p, the sound pressure level (SPL) is defined as follows: 

SPL = 10 log (p2
/p0 

2)  dB re 1 p0
2, 

where p0 is the reference pressure (usually 1 μPa for underwater acoustics and 20 μPa for in-air 
acoustics).  The convention is to state the reference as p0 (with the square implicit). 

For a pressure of 100 μPa, the SPL would be 

 10 log [(100 μPa)2/ (1 μPa)2] dB re 1 μPa 

=  40 dB re 1 μPa 

This is about the lowest level that a dolphin can hear in water. 
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Source Level 
Refer to source intensity above.  Define source level as SL(θ,φ) = 10 log[I(θ,φ)/I0], where Io is 
the reference intensity (usually that of a plane wave of rms pressure 1 μPa).  The reference 
pressure and reference distance must be specified.  When SL does not depend on direction, 
then the source is said to be omni-directional; otherwise it is directive. 

Intensity Level 
It is nearly universal practice to use SPL in place of intensity level. This makes sense as long as 
impedance is constant. In that case, intensity is proportional to short-term-average, squared 
pressure, with proportionality constant equal to the reciprocal of the impedance. 

When the impedance differs significantly in space or time (as in noise propagation from air into 
water), the intensity level must specify the medium change and/or the changes in impedance. 

Energy (Flux Density) Level (EFDL) Referred to Pressure2 Time 
Note that the abbreviation “EFDL” is not in general usage, but is used here for convenience. 

Just as the usual reference for intensity level is pressure (and not intensity itself), the reference 
often (but not always) used for EFDL is pressure2 time. This makes sense when the impedance 
is constant.  Some examples of conversions follow: 

Suppose the integral of the plane-wave pressure-squared time is 1 μPa2 s.  Since impedance for 
water is 1.5 1012 μPa(s/m), the EFD is then  

 (1 μPa2 s)/( 1.5 1012 μPa(s/m)) = 6.66 10-13  μPa-m  =  6.66 10-19 J/m2 

Thus an EFDL of 0 dB (re 1 μPa2 s) corresponds to an EFD of 6.66 10-19 J/m2 (in water).  

It follows that thresholds of interest for impacts on marine life have values in water as follows: 

190 dB (re 1 μPa2 s)   =   1019 x 6.66 10-19 J/m2 = 6.7 J/m2 

200 dB (re 1 μPa2 s)   =   66.7 J/m2 

215 dB (re 1 μPa2 s)   =   2106.1 J/m2 

Given that 1 J = 1 Ws, notice that these energies are small. Applied to an area the size of a 
person, 215 dB would yield about 2000 J, or about 2 kWs or about 0.0006 kW-hr.  
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J.3.4 SOME CONSTANTS AND CONVERSION FORMULAS 
Length 
1 nm = 1.85325 km 
1 m = 3.2808 ft 
 

Speed 
1 knot = 0.514791 m/s = 1.85325 km/hr 
1 mph= 0.447 m/s= 1.6093 km/hr 
1 m/s = 1.94254 knots 

Pressure 
1 Pa = 1 N/m2 = 1 J/m3 = 1 kg/m s2 
1 Pa = 106 μ Pa = 10 dyn/cm2 = 10  μbar 
1 μPa = 10-5 dyn/cm2 = 1.4504·10-10 psi  
1 atm = 1.014 bar = 14.7097 psi 
1 kPa = 1000 Pa = 109 μPa = 0.145 psi = 20.88 psf 

Power 
1 W = 1 J/s = 1 Nm/s = 1 kg m2/s2   
1 W = 107 erg/s 
 

Energy (Work) 
1 J = 1 N m = 1 kg m2/s2  
1 J= 107 g cm2/s2 = 1 W s 
1 erg = 1 g cm2/s2 = 10-7 J 
1 kW hr = (3.6) 106 J  
 

Acoustic Intensity 
1 W/m2= 1 Pa (m/s) = 106 μPa (m/s) 
1 W/m2= 1 J/(s m2) = 1 N/m s 
1 psi in/s = 175 W/m2 = 1.75 108 μPa (m/s) 
1 lb/ft s = 14.596 J/m2s = 14.596 W/m2 

1 W/m2 = 107 erg/m2s = 103 erg/cm2s 

Acoustic Energy Flux Density 
1 J/m2 = 1 N/m = 1 Pa m = 106 μPa m = 1 W s/m2  
1 J/m2 = 5.7 10-3 psi in = 6.8 10-2 psf ft 
1 J/cm2 = 104 J/m2 = 107 erg/cm2 
1 psi in = 175 J/m2 = 1.75 108 μPa m 

 

 
 
J.3.5 ADDITIONAL DEFINITIONS FOR METRICS USED IN AIR 
Weighted Sound Levels 
For sound pressure measurements in air related to hearing, it is common practice to weight the 
spectrum to reduce the influence of the high and low frequencies so that the response is similar 
that of the human ear to noise. A-weighting is the most common filter, with the weight 
resembling the ear’s responses. Other popular weightings are B and C.  The table below gives a 
sampling of the filter values for selected frequencies. 

Frequency (Hz) A-Weighting (dB) B-Weighting (dB) C-Weighting (dB) 
10 -70 -38 -14 
20 -50 -24 -6 
40 -35 -14 -2 
80 -23 -7 -1 

160 -13 -3 0 
320 -7 -1 0 
640 -2 0 0 

2,000 +1 0 0 
5,000 +1 -1 -1 

10,000 -3 -4 -4 
12,000 -4 -6 -6 
20,000 -9 -11 -11 
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Decibel levels based on these weighted are usually labeled: dBA or dB(A) for A weighting, etc.  

Sound Exposure Level (SEL) 
For a time-varying sound pressure p(t), sound exposure level is computed as 
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where t0 is 1 second, T is the total duration of the signal (in the same units as those of t0, 
namely seconds) and p0 is the reference pressure (usually 20 µPa). 

SEL is thus a function of p(t), T, and the reference pressure. When the impedance of the 
medium of interest is approximately constant, then SEL can be viewed as the total energy level 
for the time interval from 0 to T.  It has explicit reference units of p0 for pressure with implicit 
units of seconds for time. 

SEL is almost never used in underwater sound, primarily because it does not account for 
changes in impedance (as, for example, in sound propagation through sediments).  Instead, 
energy flux density level is the standard. 

When p(t) is A-weighted, then the measure is called the A-weighted SEL or ASEL. Likewise for 
other weightings. 

Equivalent Sound Level (Leq) 
The equivalent sound level (Leq) is defined as the A-weighted sound pressure level (SPL) 
averaged over a specified time period T.  It is useful for noise that fluctuates in level with time. 
Leq is also sometimes called the average sound level (LAT), so that Leq = LAT (see, e.g., Crocker,  
1997). 

If pA(t) is the instantaneous A-weighted sound pressure and pref the reference pressure (usually 
20 µPa), then 
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It is thus equivalent to an average A-weighted intensity or power level. 

Note that since the averaging time can be specified to be anything from seconds to hours, Leq 
has become popular as a measure of environmental noise.  For community noise, T may be 
assigned a value as high as 24 hours or more. 
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Ldn (or DNL) 
Following Magrab (1975), Ldn was introduced by USEPA in 1974 to provide a single-number 
measure of community noise exposure over a specified period.  It was designed to improve Leq 
by adding a correction of 10 dB for nighttime levels to account for increased annoyance to the 
population. 

Ldn is calculated as the level resulting from a weighted averaging of intensities: 

10/)10(10/10/ 10)375.0(10)625.0(10 ++= nddn LLL  

It is thus a long-term-average, weighted function of SPL. 

J.3.6 DEFINITIONS FOR PROBABILITY AND STATISTICS (FROM VARIOUS 
PUBLIC INTERNET SOURCES) 

Random Variables 
The outcome of an experiment need not be a number, for example, the outcome when a coin is 
tossed can be “heads” or “tails.”  However, we often want to represent outcomes as numbers.  A 
random variable is a function that associates a unique numerical value with every outcome of an 
experiment.  The value of the random variable will vary from trial to trial as the experiment is 
repeated. 

A random variable has either an associated probability distribution (discrete random variable) or 
probability density function (continuous random variable). 

Examples: 

   1. A coin is tossed 10 times. The random variable X is the number of tails that are noted.  
X can only take the values 0, 1, ..., 10, so X is a discrete random variable. 

   2. A light bulb is burned until it burns out.  The random variable Y is its lifetime in hours.  Y 
can take any positive real value, so Y is a continuous random variable.  

Expected Value (Mean Value) 
The expected value (or population mean) of a random variable indicates its average or central 
value. It is a useful summary value (a number) of the variable’s distribution. 

Stating the expected value gives a general impression of the behaviour of some random 
variable without giving full details of its probability distribution (if it is discrete) or its probability 
density function (if it is continuous). 

Two random variables with the same expected value can have very different distributions.  
There are other useful descriptive measures which affect the shape of the distribution, for 
example variance. 
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The expected value of a random variable X is symbolized by E(X) or µ. 

If X is a discrete random variable with possible values x1, x2, x3, ..., xn, and p(xi) denotes P(X = 
xi), then the expected value of X is defined by: 

    sum of xi.p(xi)  

where the elements are summed over all values of the random variable X. 

If X is a continuous random variable with probability density function f(x), then the expected 
value of X is defined by: 

    integral of xf(x)dx  

Example: 

Discrete case:  When a die is thrown, each of the possible faces 1, 2, 3, 4, 5, 6 (the xi's) has a 
probability of 1/6 (the p(xi)'s) of showing.  The expected value of the face showing is therefore: 

    µ = E(X) = (1 x 1/6) + (2 x 1/6) + (3 x 1/6) + (4 x 1/6) + (5 x 1/6) + (6 x 1/6) = 3.5  

Notice that, in this case, E(X) is 3.5, which is not a possible value of X. 

Variance (Square of the Standard Deviation) 
The (population) variance of a random variable is a non-negative number which gives an idea of 
how widely spread the values of the random variable are likely to be; the larger the variance, the 
more scattered the observations on average. 

Stating the variance gives an impression of how closely concentrated round the expected value 
the distribution is; it is a measure of the 'spread' of a distribution about its average value. 

Variance is symbolized by V(X) or Var(X) or sigma^2 

The variance of the random variable X is defined to be: 

    V(X)=E(X^2)-E(X)^2  

where E(X) is the expected value of the random variable X. 

Notes 

   1. the larger the variance, the further that individual values of the random variable 
(observations) tend to be from the mean, on average; 
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   2. the smaller the variance, the closer that individual values of the random variable 
(observations) tend to be to the mean, on average; 

   3. taking the square root of the variance gives the standard deviation, i.e.: 

          sqrt(V(X))=sigma 

   4. the variance and standard deviation of a random variable are always non-negative.  

Probability Distribution 
The probability distribution of a discrete random variable is a list of probabilities associated with 
each of its possible values.  It is also sometimes called the probability function or the probability 
mass function. 

More formally, the probability distribution of a discrete random variable X is a function which 
gives the probability p(xi) that the random variable equals xi, for each value xi: 

    p(xi) = P(X=xi)  

It satisfies the following conditions: 

   1. 0 <= p(xi) <= 1 

   2. sum of all p(xi) is 1  

Cumulative Distribution Function 
All random variables (discrete and continuous) have a cumulative distribution function. It is a 
function giving the probability that the random variable X is less than or equal to x, for every 
value x. 

Formally, the cumulative distribution function F(x) is defined to be: 

    F(x) = P(X<=x)  

for 

    -infinity < x < infinity  

For a discrete random variable, the cumulative distribution function is found by summing up the 
probabilities as in the example below. 

For a continuous random variable, the cumulative distribution function is the integral of its 
probability density function. 
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Probability Density Function 
The probability density function of a continuous random variable is a function which can be 
integrated to obtain the probability that the random variable takes a value in a given interval. 

More formally, the probability density function, f(x), of a continuous random variable X is the 
derivative of the cumulative distribution function F(x): 

    f(x) = d/dx F(x)  

Since F(x) = P(X<=x) it follows that: 

    integral of f(x)dx = F(b)-F(a) = P(a<X<b)  

If f(x) is a probability density function then it must obey two conditions: 

   1. that the total probability for all possible values of the continuous random variable X is 1: 

          integral of f(x)dx = 1 

   2. that the probability density function can never be negative: f(x) > 0 for all x.  

 
Normal (Gaussian) Density Function 
The normal distribution (the “bell-shaped curve” which is symmetrical about the mean) is a 
theoretical function commonly used in inferential statistics as an approximation to sampling 
distributions (see also Elementary Concepts).  In general, the normal distribution provides a 
good model for a random variable, when: 

   1. There is a strong tendency for the variable to take a central value; 

   2. Positive and negative deviations from this central value are equally likely; 

   3. The frequency of deviations falls off rapidly as the deviations become larger.  

As an underlying mechanism that produces the normal distribution, one may think of an infinite 
number of independent random (binomial) events that bring about the values of a particular 
variable. For example, there are probably a nearly infinite number of factors that determine a 
person’s height (thousands of genes, nutrition, diseases, etc.).  Thus, height can be expected to 
be normally distributed in the population. 
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J.4 POST ACOUSTIC MODELING ANALYSIS 

The acoustic modeling results include additional analysis to account for land mass, multiple 
ships, and number of animals that could be exposed.  Specifically, post modeling analysis is 
designed to consider:  

• Acoustic footprints for sonar sources must account for land masses.  

• Acoustic footprints for sonar sources should not be added independently, which 
would result in overlap with other sonar systems used during the same active sonar 
activity.  As a consequence, the area of the total acoustic footprint would be larger 
than the actual acoustic footprint when multiple ships are operating together. 

• Acoustic modeling should account for the maximum number of individuals of a 
species that could potentially be exposed to sonar within the course of 1 day or a 
discreet continuous sonar event if less than 24 hours.  
 

When modeling the effect of sound projectors in the water, the ideal task presents modelers 
with complete a priori knowledge of the location of the source(s) and transmission patterns 
during the times of interest.  In these cases, calculation inputs include the details of ship path, 
proximity of shoreline, high-resolution density estimates, and other details of the scenario.  
However, in the HRC, there are sound-producing events for which the source locations, number 
of projectors, and transmission patterns are unknown, but still require analysis to predict effects.  
For these cases, a more general modeling approach is required: “We will be operating 
somewhere in this large area for X hours.  What are the potential effects on average?” 

Modeling these general scenarios requires a statistical approach to incorporate the scenario 
nuances into harassment calculations.  For example, one may ask: “If an animal receives 130 
decibel (dB) sound pressure level (SPL) when the ship passes at closest point of approach (CPA) 
on Tuesday morning, how do we know it doesn't receive a higher level on Tuesday evening?”  
This question cannot be answered without knowing the path of the ship (and several other facts).  
Because the path of the ship is unknown, the number of an individual’s re-exposures cannot be 
calculated directly.  But it can, on average, be accounted for by making appropriate assumptions.   

Table J-48 lists unknowns created by uncertainty about the specifics of a future proposed 
action, the portion of the calculation to which they are relevant, and the assumption that allows 
the effect to be computed without the detailed information. 
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Table J-48.  Unknowns and Assumptions 
Unknowns Relevance Assumption 

Path of ship (esp. with 
respect to animals) 

Ambiguity of multiple exposures, Local 
population: upper bound of harassments 

Most conservative case: ships are 
everywhere within SOA 

Ship(s) locations Ambiguity of multiple exposures, land 
shadow 

Equal distribution of action in each 
modeling area 

Direction of sonar 
transmission 

Land shadow Equal probability of pointing any direction 

Number of ships Effect of multiple ships Average number of ships per training 
event 

Distance between ships Effect of multiple ships Average distance between ships 

 

The following sections discuss three topics that require action details, and describes how the 
modeling calculations used the general knowledge and assumptions to overcome the future-
action uncertainty considering re-exposure of animals, land shadow, and the effect of multiple-
ship training events. 

Multiple Exposures in General Modeling Scenario 
Consider the following hypothetical scenario.  A box shaped area is designated on the surface 
of a well-studied ocean environment with well-known sound propagation characteristics.  A 
sonar-equipped ship and 44,000 whales are inserted into that box and a curtain is drawn.  What 
will happen?  This is the general scenario.  The details of what will happen behind the curtain 
are unknown, but the existing knowledge, and general assumptions, can allow for a general 
calculation of average effects.   

For the first period of time, the ship is traveling in a straight line and pinging at a given rate.  In 
this time, it is known how many animals, on average, receive their max SPLs from each ping.  
As long as the ship travels in a straight line, this calculation is valid.  However, after an 
undetermined amount of time, the ship will change course to a new and unknown heading.   

If the ship changes direction 180 degrees and travels back through the same swath of ocean, all 
the animals the ship passes at closest point of approach (CPA) before the next course change 
have already been exposed to what will be their maximum SPL, so the population is not “fresh.”  
If the direction does not change, only new animals will receive what will be their maximum SPL 
from that ship (though most have received sound from it), so the population is completely 
“fresh.”  Most ship headings lead to a population of a mixed “freshness,” varying by course 
direction.  Since the route and position of the ship over time are unknown, the freshness of the 
population at CPA with the ship is unknown.  This ambiguity continues through the remainder of 
the training event. 

What is known?  The source and, in general, the animals remain in the Sonar Operating Area 
(SOA).  Thus, if the farthest range to a possible effect from the ship is X kilometers (km), no 
animals farther than X km outside of the SOA can be harassed.  The intersection of this area 
with a given animal's habitat multiplied by the density of that animal in its habitat represents the 
maximum number of animals that can be harassed by activity in that SOA, which shall be 
defined as “the local population.”  Two details:  first, this maximum should be adjusted down if a 
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risk function is being used, because not 100 percent of animals within X km of the SOA border 
will be harassed.  Second, it should be adjusted up to account for animal motion in and out of 
the area. 

The ambiguity of population freshness throughout the training event means that multiple 
exposures cannot be calculated for any individual animal.  It must be dealt with generally at the 
local population level.   

Solution to the Ambiguity of Multiple Exposures in the General Modeling Scenario 
At any given time, each member of the population has received a maximum SPL (possibly zero) 
that indicates the probability of harassment during the training event.  This probability indicates 
the contribution of that individual to the expected value of the number of harassments.  For 
example, if an animal receives a level that indicates 50 percent probability of harassment, it 
contributes 0.5 to the sum of the expected number of harassments.  If it is passed later with a 
higher level that indicates a 70 percent chance of harassment, its contribution increases to 0.7.  
If two animals receive a level that indicates 50 percent probability of harassment, they together 
contribute 1 to the sum of the expected number of harassments.  That is, we statistically expect 
exactly one of them to be harassed.  Let the expected value of harassments at a given time be 
defined as “the harassed population” and the difference between the local population (as 
defined above) and the harassed population be defined as “the unharassed population.”  As the 
training event progresses, the harassed population will never decrease and the unharassed 
population will never increase.   

The unharassed population represents the number of animals statistically “available” for 
harassment.  Since we do not know where the ship is, or where these animals are, we assume 
an average (uniform) distribution of the unharassed population over the area of interest.  The 
densities of unharassed animals are lower than the total population density because some 
animals in the local population are in the harassed population.  

Density relates linearly to expected harassments.  If action A, in an area with a density of 2 
animals per square kilometer (km2) produces 100 expected harassments, then action A in an 
area with 1 animal per km2 would produce 50 expected harassments.  The modeling produces 
the number of expected harassments per ping starting with 100 percent of the population 
unharassed.  The next ping will produce slightly fewer harassments because the pool of 
unharassed animals is slightly less. 

For example, consider the case where 1 animal is harassed per ping when the local population 
is 100, 100 percent of which are initially unharassed.  After the first ping, 99 animals are 
unharassed, so the number of animals harassed during the second ping are  

99.0)99(.1
100
9910 ==⎟

⎠
⎞

⎜
⎝
⎛  animals 

and so on for the subsequent pings. 

Mathematics 
A closed form function for this process can be derived as follows.   
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Define =nP  unharassed population after ping n 

Define =H number of animals harassed in a ping with 100 percent unharassed population 
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Thus, the total number of harassments depends on the per-ping harassment rate in an 
unharassed population, the local population size, and the length of time the sonar operates 

Local Population: Upper Bound on Harassments 
As discussed above, Navy planners have confined period of sonar use to modeling areas.  The 
size of the harassed population of animals for an action depends on animal re-exposure, so 
uncertainty about the precise ship path creates variability in the “harassable” population.  
Confinement of sonar use to a SOA allows modelers to compute an upper bound, or worst case, 
for the number of harassments with respect to location uncertainty.  This is done by assuming 
that there is a sonar transmitting from each point in the confined area throughout the action 
length. 

NMFS has defined a 24-hour “refresh rate” to account for the maximum number of individuals of 
a species that could potentially be exposed to sonar within the course of 1 day. The Navy has 
determined that, in a 24-hour period, all sonar training events in the HRC transmit for a subset 
of that time, as Table J-49 shows: 

Table J-49.  Duration of Sonar Use During 24-hour Period 
Action Duration of Sonar Use in  

24-hour Period 

Other HRC ASW Training 13.5 hours 

USWEX 16 hours 

RIMPAC 12 hours 

Multiple Strike Group 12 hours 
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Creating the most conservative ship position by assuming that a sonar transmits from each 
point in the SOA simultaneously can produce an upper bound on harassments for a single ping, 
but animal motion over the period in the Table J-49 can bring animals into range that otherwise 
would be out of the harassable population.   

Animal Motion Expansion 
Though animals often change course to swim in different directions, straight-line animal motion 
would bring more animals into the harassment area than a “random walk” motion model.  Since 
precise and accurate animal motion models exist more as speculation than documented fact 
and because the modeling requires an undisputable upper bound, calculation of the upper 
bound for HRC modeling areas uses a straight-line animal motion assumption.  This is a 
conservative assumption.  The consideration of animal motion is to identify the area to be 
modeled and is not a part of the actual exposure model. 

For a circular area, the straight-line motion with initial random direction assumption produces an 
identical result to the initial fixed direction.  Since the HRC SOAs are non-circular polygons, 
choosing the initial fixed direction as perpendicular to the longest diagonal produces greater 
results than the initial random direction.  Thus, the product of the longest diagonal and the 
distance the animals move in the period of interest gives the maximum potential expansion in 
HRC modeling areas due to animal motion.  The HRC expansions use this for the animal-
motion expansion.  

Figure J-19 is an example that illustrates the maximum potential expansion, which occurs during 
the second arrow. 

Risk Function Expansion 
The expanded area contains the number of animals that will enter the SOA over the period of 
interest.  However, an upper bound on harassments must also include animals outside the area 
that would be affected by a ship transmitting from the area’s edge.  A gross overestimation 
could simply include all area with levels greater than the risk function cutoff.  In the case of 
HRC, this would include all area within approximately 120 km from the edge of the adjusted box.  
This basic method would give a crude and inaccurately high upper bound, since only a fraction 
of the population is affected in much of that area.  A more refined upper bound on harassments 
can be found by maintaining the assumption that a sonar is transmitting from each point in the 
adjusted box and calculating the expected ensonified area.   
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Random individuals and operating area Random Initial Direction: 10 intersections

Uniform Initial Direction:11 Intersections

An individual inside the adjusted box will be in 
the original box sometime during the period of interest.

 
Figure J-19.  Process of Determining Maximum Potential Individuals Present in Area at 

Any Time 
 
 
 

The expected lateral range from the edge of a polygon to the cutoff range can be expressed as, 
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where D is the risk function with domain in level and range in probability, L is the SPL function 
with domain in range and range in level, and r is the range from the SOA. 

At the corners of the polygon, additional area can be expressed as 
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with D, L, and r as above, and θ the inner angle of the polygon corner, in radians. 

For the risk function and transmission loss of HRC, this method adds an area equivalent to 
expanding the boundaries of the adjusted box by 4 km.  The resulting shape, the adjusted box 
with a boundary expansion of 4 km, does not possess special meaning for the problem.  But the 
number of individuals contained by that shape, as demonstrated above, is the maximum 
potential number of harassments that would occur if sonars transmitted continuously from each 
point in the SOA over the training event length, an upper bound on harassments for that training 
event. 

The plots in Figure J-20 illustrate the growth of area for the sample case above.  The shapes of 
the boxes are unimportant.  The area after the final expansion, though, gives an upper bound on 
the “harassable,” or unharassed population.  

 
Figure J-20.  Process of Expanding Area to Create Upper Bound of Harassments 

 
Example Case 
Consider a sample case from the HRC: the rate of exposure for bottlenose dolphins in SOA 2 
during the summer, in a Multiple Strike Group Exercise with three active AN/SQS-53 sonars is 
0.0234 harassments per ping.  The Multiple Strike Group Exercise will transmit sonar pings for 
12 hours in a 24-hour period, as given in the action table (Table J-49), with 120 pings per hour, 
a total of 12*120=1440 pings in a 24-hour period. 

SOA 3 has an area of approximately 19,467 km2 and a diagonal of 217 km.  Adjusting this with 
straight-line (upper bound) animal motion of 5.5 km per hour for 12 hours, animal motion adds 
217*5.5*12= 14,322 km2 to the area.  Using risk function to calculate the expected range 
outside the SOA adds another 1,040 km, bringing the total affected area to 34,458 km2. 

According to Barlow 2006, bottlenose dolphins have a density of 0.0013 animals per km2 in the 
Hawaii area, so the upper bound number of bottlenose dolphins that can be affected by sonar 
activity in SOA 3 in a 12-hour period is 34,458 *0.0013 = 45 dolphins.   

In the first ping, 0.0234 bottlenose dolphins will be harassed.  With the second ping,  

Expanded for Risk FunctionExpanded for Animal Original Area 
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 bottlenose dolphins will be harassed.  Using the formula 

derived above, after 12 hours of continuous operation, the remaining unharassed population is 
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So the harassed population will be 24 animals. 

Contrast this with linear accumulation of harassments without consideration of the local 
population and the dilution of the unharassed population: 

Harassments = 0.234*1440= 34 

Figure J-21 illustrates the difference between the two approaches. 
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Figure J-21.  Comparison of Harassments from Unlimited and Limited Populations 

 
Land Shadow 
The risk function considers harassment possible if an animal receives 120 dB sound pressure 
level, or above.  In the HRC, this occurs about 120 km away from an AN/SQS-53-transmitting 
ship so over a large “effect" area, sonar sound could, but does not necessarily, harass an 
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animal.  The harassment calculations for a general modeling case must assume that this effect 
area covers only water fully populated with animals, but in some portions of the HRC SOAs, 
land partially encroaches on the area, obstructing sound propagation. 

As discussed in the introduction of “Additional Modeling Considerations...” Navy planners do not 
know the exact location and transmission direction of the sonars at any time.  These factors 
however, completely determine the interference of the land with the sound, or “land shadow,” so 
a general modeling approach does not have enough information to compute the land shadow 
effects directly.  However, modelers can predict the reduction in harassments at any point due 
to land shadow for different pointing directions and use expected probability distribution of 
activity to calculate the average land shadow for training events in each SOA. 

For HRC, the land shadow is computed over a dense grid in each SOA  An example of the grid, 
for SOA 4, is shown in Figure J-22: 

 
Figure J-22.  Grid example, SOA 4.  The dense grid is shown by the near continuous 

green dots.  For illustrative purposes, every 25th point is shown as a red dot. 
 
For each grid point, the land shadow is computed by combining the distance to land and the 
azimuth coverage.  The process finds all of the points within 120 km of the gridpoint, as shown 
in Figure J-23: 
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Figure J-23.  The red box is the SOA.  The red X is one grid point, with the green circle 

corresponding to a radius of 120 km from the grid point. 
 

For each of the coastal points that are within 120 km of the grid, the azimuth and distance is 
computed.  In the computation, only the minimum range at each azimuth is computed.  The 
minimum range compared with azimuth for the sample point is shown in Figure J-24: 

 
Figure J-24.  The nearest point at each azimuth (with 1o spacing) to a sample grid point  

(red X) is shown by the green lines 
 

Now, the average of the distances to shore, along with the angular profile of land is computed 
(by summing the unique azimuths that intersect the coast) for each grid point.  The values are 
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then used to compute the land shadow for the grid points.  The land shadow effect at the 
example point is .9997, or there is a 0.03 percent reduction in effect due to land shadow. 

Computing the Land Shadow Effect at Each Grid Point 
The effect of land shadow is computed by determining the levels, and thus the distances from 
the sources.  Table J-50 shows the distances at which harassments occur from for the risk 
function (SPL) and TTS/PTS (EFD) impact criteria.  Figure J-25 displays the percentage of 
behavioral harassments resulting from the risk function for every 5 dB (bin) of received level.   

Table J-50.  Harassments at each received level bin 
Received Level 

 
Distance at which Levels 

Occur in HRC 
Percent of Harassments 

Occurring at Given Levels 

Below 140 dB SPL 36 km–125 km <1% 

140>Level>150 dB SPL 15 km–36 km 2% 

150>Level>160 dB SPL 5 km–15 km 20% 

160>Level>170 dB SPL 2 km–5 km 40% 

170>Level>180 dB SPL 0.6–2 km 24% 

180>Level>190 dB SPL 180–560 meters 9% 

Above 190 dB SPL 0–180 meters 2% 

TTS (195 dB EFDL) 0-110 meters 2% 

PTS (215 dB EFDL) 0-10 <1% 
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Figure J-25.  The percentage of behavioral harassments resulting from the risk function 

for every 5 dB of received level 
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The information about the levels at which harassments occur allows for an estimation of the 
correction required if land obstructs the path of sound before it reaches 120 dB (Figure J-26).   
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Figure J-26.  Percentage of Harassments Occurring Within a Given Distance 

 
With the data used to produce this figure, the effect reduction for a sound path blocked by land 
can be calculated.  For example, since approximately 94 percent of harassments occur within 
10 km of the source, a sound path blocked by land at 10 km will cause 94 percent the effect of 
an unblocked path. 

As described above, the mapping process determines the angular profile of and distance to the 
coastline(s) from each grid point.  The distance, then, determines the reduction due to land 
shadow when the sonar is pointed in that direction.  The angular profile, then, determines the 
probability that the sonar is pointed at the coast.   

Define θn = angular profile of coastline at point n in radians 

Define rn = mean distance to shoreline 

Define A(r) = average effect adjustment factor for sound blocked at distance r 

The land shadow at point n can be approximated by A(rn)θn/(2π).  The following plots (Figures 
J-27 through J-33) give the land shadow reduction factor at each point in each SOA.  The white 
portions of the plot indicate the areas more than 120 km from land.  The land shadow effects for 
most points are white (not within 120 km), or burgundy (within 120 km, but negligible effect). 
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Figure J-27.  Land Shadow Factor for SOA 1 

 
 

 
Figure J-28.  Land Shadow Factor for SOA 2 
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Figure J-29.  Land Shadow Factor for SOA 3 

 

 
Figure J-30.  Land Shadow Factor for SOA 4 
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Figure J-31.  Land Shadow Factor for SOA 5 

 

 
Figure J-32.  Land Shadow Factor for SOA 6 
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Figure J-33.  Land Shadow Factor for Barking Sands Area 

 
Computing the average of the factor value for each area by computing the mean of all sample 
points’ factors yields a greater than 99 percent average factor for each area.  In other words, 
assuming that action is evenly distributed over each SOA, land shadow effects affect the 
harassment count by less than 1 percent. 

The Effect of Multiple Ships 
Behavioral harassment, under risk function, uses maximum sound pressure level over a 24-hour 
period as the metric for determining the probability of harassment.  An animal that receives 
sound from two sonars, operating simultaneously, receives its maximum sound pressure level 
from one of the ships.  Thus, the effects of the louder, or closer, sonar determine the probability 
of harassment, and the more distant sonar does not.  If the distant sonar operated by itself, it 
would create a lesser effect on the animal, but in the presence of a more dominating sound, its 
effects are cancelled.  When two sources are sufficiently close together, their sound fields within 
the cutoff range will partially overlap and the larger of the two sound fields at each point in that 
overlap cancel the weaker.  If the distance between sources is twice as large as the range to 
cutoff, there will be no overlap. 

Computation of the overlap between sound fields requires the precise locations and number of 
the source ships.  The general modeling scenarios of HRC do not have these parameters, so 
the effect was modeled using an average ship distance, 20 km, and an average number of ships 
per training event.  The number of ships per training event varied based on the type of training 
event, as given in Table J-51. 
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Table J-51.  Average Number of Ships in the HRC by Training Event Type 
Training Event Type Average Number of 

AN/SQS-53-
Transmitting Ships 

Other HRC ASW Training 1.5 

USWEX 3 

RIMPAC 4 

Multiple Strike Group 4 

 
 
The formation of ships in any of the above-referenced training events has been determined by 
Navy planners.  For modeling purposes the ships are located in a straight line, perpendicular to 
the direction traveled.  Figures J-34 and J-35 show examples with four ships, as in RIMPAC or a 
Multiple Strike Group, and their ship tracks. 

Ships

Distance between ships
20 km

Direction of Travel

 
Figure J-34.  Formation and Bearing of Ships in RIMPAC 
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Distance between ships
20 km

Direction of Travel

Ship Track

 
Figure J-35.  Ship Tracks of Ships in RIMPAC 

 
The sound field created by these ships (Figure J-36), which transmit sonar continually as they 
travel, will be uniform in the direction of travel (or the “x” direction), and vary by distance from 
the ship track in the direction perpendicular to the direction of travel (or the “y” direction). 
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Figure J-36.  Sound Field Produced by Multiple Ships 
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This sound field of the four ships operating together ensonifies less area than four ships 
operating individually.  However, because at the time of modeling, even the average number of 
ships and mean distances between them were unknown, a post-calculation correction should be 
applied. 

Referring to Figure J-37, the sound field around the ship tracks, the portion above the upper-
most ship track, and the portion below the lower-most ship track sum to produce exactly the 
sound field as an individual ship.   
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Figure J-37.  Upper and Lower Portion of Sound Field  

 
Therefore, the remaining portion of the sound field, between the uppermost ship track and the 
lowermost ship track, is the contribution of the three additional ships (Figure J-38). 
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Figure J-38.  Central Portion of Sound Field  

 

This remaining sound field is made up of three bands.  Each of the three additional ships 
contributes one band to the sound field.  Each band is somewhat less than the contribution of the 
individual ship because its sound is overcome by the nearer source at the center of the band.  
Since each ship maintains 20-km distance between it and the next, the height of these bands is 
20 km, and the sound from each side projects 10 km before it is overcome by the source on the 
other side of the band.  Thus, the contribution to a sound field for an additional ship is identical to 
that produced by an individual ship whose sound path is obstructed at 10 km.  The work in the 
previous discussion on land shadow provides a calculation of effect reduction for obstructed 
sound at each range.  For example, an AN/SQS 53 MFA sonar with an obstructed signal at 10 
km causes 94 percent of the number of harassments as a ship with an unobstructed signal.  
Therefore, each additional ship causes 0.94 times the harassments of the individual ship.  
Applying this factor to the four training event types from Table J-52, an adjustment from the 
results for a single ship can be applied to predict the effects of multiple ships. 

Table J-52.  Adjustment Factors for Multiple Ships in HRC Training Events 
Training Event Type Average Number of AN/SQS-

53-Transmitting Ships 
Adjustment Factor from Individual Ship 

for Formation and Distance 

Other HRC ASW Training 1.5 1.47 

USWEX 3 2.88 

RIMPAC 4 3.82 

Multiple Strike Group 4 3.82 
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APPENDIX K 
MISSILE LAUNCH SAFETY AND 

EMERGENCY RESPONSE 
This appendix discusses in general terms the potential health and safety hazards associated 
with missile launch activities and the corresponding procedures that are in place to protect 
people and assets.  The information herein focuses on the nature and control of the potential 
hazards and public risks associated with pre-launch, launch, and emergency response. 

While range safety is location, facility, and mission-dependent, the Department of Defense 
(DoD) has established standards and protocols to eliminate or acceptably minimize potential 
health and safety risks/hazards.  For missile launch activities, the safety offices coordinate 
efforts and standards through the Range Safety Group of the Range Commander’s Council 
(RCC).  Three key products of this group are the documents: 

• RCC Standard 319, Flight Termination Systems Commonality Standard 

• RCC Standard 321, Common Risk Criteria for National Test Ranges, Subtitle: Inert 
Debris 

• RCC Standard 324, Global Positioning and Inertial Measurements Range Safety 
Tracking Systems Commonality Standard 
 

The Pacific Missile Range Facility (PMRF) Range Safety Office is an active participant in the 
Range Safety Group, and the Range mandates specific policies that follow from these guidance 
documents in PMRF Instruction 8020.16, Missile/Rocket Flight Safety Policy. 

Safety regulations are directed at preventing the occurrence of potentially hazardous accidents 
and minimizing or mitigating the consequences of hazardous events.  This is accomplished by 
employing system safety concepts and risk assessment methodology to identify and resolve 
potential safety hazards. 

The range safety process is predicated on risk avoidance, minimization of accident impacts, and 
protection of population centers.  Risk values related to missile launch activities are categorized 
in two ways:  probability of vehicle failure, including all possible failure modes that could lead to 
debris impact events, and the probabilities of the adverse consequences that could result from 
impact events.  The consequence estimation is quantified by two key measures:  the probability 
of individual casualty, defined as the probability of a person at a given location being injured, or 
the expected number of casualties (collective risk), defined as the average number of persons 
that may be injured in a launch (typically a very small number, such as a few injuries per million 
launches). 

Range safety is accomplished by establishing: 

• Requirements and procedures for storage and handling of propellants, explosives, 
radioactive materials, and toxics 
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• Evaluation of mission plans to assess risks and methods to reduce risk 

• Performance and reliability requirements for flight termination systems on the vehicle 

• A real-time tracking and control system at the range 

• Mission rules that are sufficient to provide the necessary protection to people both on 
and outside the boundaries of the launch facility 

 
Procedures and analyses to protect the public can be generally divided into five aspects: 

• Ground safety procedures—handling of propellants, ordnance, noise, hazardous 
operations, toxics, etc. 

• Pre-flight mission analysis—vehicle, trajectory, etc. 

• Flight termination system verification 

• In-flight safety actions  

• Emergency response 
 
Ground Safety Procedures 
Procedures have been established to handle and store all materials (propellants, etc.) which 
may be a hazard, control and monitor electromagnetic emissions, and govern transportation of 
materials to and from a facility.  Storage of propellants and explosives is controlled by quantity–
distance criteria.  Failure modes and effects analyses are prepared when necessary for all 
potentially hazardous activities and devices. 

Accidents that occur before launch can result in on-pad explosions, potential destruction of the 
vehicle, damage to facilities within range of the blast wave, and dispersion of debris in the 
vicinity of the pad.  The types of accidents depend upon the nature of the propellants.  An 
accident in handling storable hypergolic propellants could produce a toxic cloud, likely to move 
as a plume and disperse beyond the boundaries of the facility.  The risk to the public would then 
depend upon the concentration of population in the path of this toxic plume and on the ability to 
evacuate or protect the population at risk until the cloud is dispersed.  It is obviously 
advantageous if the winds generally blow away from populated areas.  There are also specific 
safety requirements and risks associated with ground support equipment.  The design and use 
of this equipment must incorporate safety considerations. 

In order to protect personnel and the public from these types of hazards, careful analysis is 
performed.  Each missile is evaluated for the toxic release hazard and explosive potential. 
When appropriate, more-detailed modeling of the transport of the toxic species is performed that 
incorporates atmospheric effects, such as local winds and turbulence.  Where needed, a region 
may then be cleared of personnel.  At PMRF, the amount of toxic substances is sufficiently 
small that the public is highly unlikely to be exposed to unhealthful levels of toxic chemicals from 
a missile accident.  However, the range safety community has extensive experience with this 
type of hazard due to the large amount of toxic chemicals aboard some large space lift vehicles.  
When considering explosive potential, again each missile is evaluated for the hazard posed.  
Specific action is then taken to protect personnel within the higher risk region, such as ensuring 
that they are inside hardened structures (such as block houses) that will protect them from the 
blast wave.  Although large explosions can lead to effects relatively far from the launch pad, the 
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motors proposed at PMRF are small compared to the large space lift vehicles, and the 
possibility of injury to a person outside the Ground Hazard Area from a missile explosion is 
extremely remote. 

Pre-Flight Mission Analysis 
Minimization of the probability of terminating a “good” flight and simultaneous minimization of 
the potential of risk due to malfunctioning missile is accomplished through careful mission 
planning, preparation, and approval before launch.  Planning is in two parts: 

• Mission definition such that land overflights or other higher risk aspects of launch are 
avoided and/or minimized 

• Development of data that support the real-time decision and implementation of active 
control and destruct activities 

 
Hazard potential exists for a missile in-flight because of the impact of falling debris (at speeds 
that can cause direct injury or damage buildings with occupants inside) and because of the 
potential for explosion upon impact of liquid and/or solid propellants.  This potential hazard from 
propellants decreases with time into the flight because the quantities of on-board propellants 
decrease as they are consumed. 

Range Safety Planning 
The actual implementation of operational plans under launch conditions ultimately determines 
the actual risk exposure levels on and off site.  Integral to the analysis are the constraints posed 
by the following: 

• Launch area/range geometry and siting 

• Nominal flight trajectories/profiles 

• Launch/release points 

• Impact limit lines, whether based on risk to population/facilities or balanced risk 
criteria 

• Flight termination system and destruct criteria 

• Wind/weather restrictions 

• Instrumentation for ground tracking and sensing onboard the vehicle 

• Essential support personnel requirements 
 
The Range Safety Office typically reviews and approves launch plans, imposes and implements 
destruct lines, and verifies that appropriate warnings areas have been published. 

The launch (normal and failure) scenarios are modeled, and possible system failure modes are 
superimposed against the proposed nominal flight plan.  The hazard to third parties is 
dependent on the vehicle configuration, flight path, launch location, weather, and many other 
factors. 
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A blast danger area around the missile on the launch pad and a launch danger area (typically a 
circle centered on the pad with tangents extended along the launch trajectory) are prescribed for 
each missile depending on its type, configuration, amount of propellants and their toxicity, 
explosive blast wave potential, explosive fragment velocities anticipated in case of an accident, 
typical weather conditions, and plume models of the launch area. 

Each launch is evaluated based on: 

• Range user data submission requirements from the hazard analysis viewpoint 

• Launch vehicle analyses to determine all significant failure modes and their 
corresponding probability of occurrence 

• The vehicle trajectory, under significant failure mode conditions, which is analyzed to 
derive the impact of probability density functions for intact, structurally failed, and 
destructed options 

• The vehicle casualty area based on anticipated (modeled) conditions at the time of 
impact, based on the vulnerability of people, buildings, and vehicles to the hazards to 
which they may be exposed 

• Computed casualty expectations given the specific launch and mission profile, 
population data near the range and along the ground track.  Shelters may be 
provided or evacuation procedures adopted, in addition to restricting the airspace 
along the launch corridor and notifying the air and shipping communities to avoid 
and/or minimize risks 
 

Launch Hazards 
Failures during the launch and ascent can be divided into two categories:  propulsion and 
guidance/control.  In-flight destruct of the vehicle enables dispersion of propellants, thus 
reducing the possibility of secondary explosions upon ground impact.  The destruct systems on 
vehicles having cryogenics are designed to minimize the mixing of the propellants, i.e., holes 
are opened on the opposite ends of the fuel tanks.  Solid rocket destruct systems usually 
consist of linear shaped charges running along the length of the rocket, which open up the side 
of the casing like a clam shell, causing an abrupt loss of pressure and thrust.  They may, 
however, produce many pieces of debris in the form of burning chunks of propellant and 
fragments of the motor casing and engines. 

Propulsion failures produce a loss of thrust and the inability of the vehicle to ascend.  
Depending on its altitude and speed when thrust ceases, the vehicle can fall to the ground intact 
or break up under aerodynamic stresses.  The debris from these types of failures typically falls 
on or very near the intended flight track.  If the vehicle falls to the ground intact, the 
consequences may be similar to those of an explosion on the ground.  An explosion leads to a 
blast wave, which can directly injure people or damage structures with people inside.  If there is 
potential for a significant explosion, a vehicle is destroyed during descent to prevent an impact 
intact.  An example of a propulsion failure is a solid-rocket motor burn-through.  Solid rocket 
motor failures can be due to a burn-through of the motor casing or damage or burn-through of 
the motor nozzle.  In a motor burn-through there is a loss of chamber pressure and an opening 
is created in the side of the case, frequently resulting in structural breakup.  The nozzle burn-
through may affect both the magnitude and the direction of thrust.  There is no way to halt the 
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burning of a solid rocket once initiated.  Hence, a solid rocket motor failure almost inevitably 
puts the entire launch vehicle and mission at risk.  

The Range Safety System (RSS) is critical in the case of guidance or control failures.  The 
purpose of the RSS is to destroy, halt, or neutralize the thrust of an errant vehicle before its 
debris can be dispersed off-range and become capable of causing damage or loss of life.  
Without a flight termination system, an errant missile could continue flying toward a population 
center or other valuable asset.  The debris could then injure people or cause considerable 
damage.  The destruct system generally is activated either on command or automatically soon 
after the time of failure.   

In addition to complete loss of control, three other early flight guidance and control failures have 
been observed with launch vehicles over the life span of the space program:  failure to pitch 
over, pitching over but flying in the wrong direction (i.e., failure to roll before the pitchover 
maneuver), and having the wrong trajectory programmed into the guidance computer.  The 
likelihood of these circumstances depends on the type of guidance and control used during the 
early portion of flight.  The types are open or closed loop (i.e., no feedback corrections) and 
programmer or guidance controlled.  In the case of vehicles that use programming and open-
loop guidance during the first portion of flight, failure to roll and pitch is possible, although 
relatively unlikely, based on historical flight data.  If the vehicle fails to pitch over, it rises 
vertically until it is destroyed.  As it gains altitude, the destruct debris can spread over an 
increasingly larger area.  Consequently, most ranges watch for the pitchover, and if it does not 
occur before a specified time, they destroy the vehicle before its debris pattern can pose 
significant risk to structures and people outside the launch facility or the region anticipated to be 
a hazard zone, where restrictions on airspace and ship traffic apply.  Failure to halt the vehicle 
within this time can produce a significant risk to those not associated with launch activities. 

The potential for damage to ground sites from a launch vehicle generally decreases with time 
into flight since fuel is consumed as the vehicle gains altitude.  If it breaks up or is destroyed at 
a higher altitude, the liquid fuels are more likely to be dispersed and lead to lower 
concentrations on the ground.  In addition, if there are solid propellants, they would have been 
partially consumed during the flight period before the failure and would continue to burn in free 
fall after the breakup.  

Risk Modeling  
The evaluation of launch associated hazards is based on range destruct criteria designed to 
minimize risk exposure to on- and off-range population and facilities.   

Range safety reports, safety analysis reports, and other such probabilistic hazard analyses are 
prepared by range users for each vehicle.  An updated data package is provided for each 
mission with key unique parameters, such as the flight paths and minor vehicle changes. 

Modeling by the Range Safety Office computes risks based on estimating both the probabilities 
and consequences of launch failures as a function of time into the mission.  Input data includes 
the mission profile, launch vehicle specifics, local weather conditions, and the surrounding 
population distribution.  In many cases, the Range works in advance with the user to optimize a 
launch trajectory to minimize risk while meeting mission objectives.  Destruct lines, which will be 
implemented in real-time, are established during the risk evaluation process to confine and/or 
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minimize potential public risk of casualty or property damage.  The debris impact probabilities 
and consequences are then estimated for each launch considering the geographic setting, 
normal jettisons, failure debris, and demographic data. 

For all launches, the boosters, sustainers, and other expendable equipment are always 
jettisoned and fall back to the Earth.  Therefore, in planning a mission, care must be taken to 
keep these objects from impacting on land, aircraft, and shipping lanes.  These impact locations 
are normally quite predictable, so risks can be avoided on a nominal mission.  

Destruct lines are designed to protect the public from launch accident debris and are a key 
result in the risk modeling.  They are offset from populated areas to accommodate: 

• Vehicle performance characteristics and wind effects 

• The scatter of vehicle debris following an explosion 

• The accuracy and safety-related tolerances of the vehicle tracking and monitoring 
system 

• The time delays between the impact point impingement on a destruct line and the 
time at which flight termination actually takes place (i.e., human decision time lag) 

 
By proper selection of destruct lines, the probability of debris impacting inhabited areas can be 
reduced to extremely small levels. 

The first step in modeling debris from failures is to understand the type of failures to which a 
particular vehicle may be subject.  Estimates for failure mode probabilities are typically based on 
knowledge of a vehicle’s critical systems and expert assessment of their reliability combined 
with historical data, when available.   

Then the response of the vehicle to each failure must be modeled.  Simulation of the vehicle 
systems and the resulting vehicle trajectory allow for understanding the effects of a failed 
component.  The modeling is very vehicle-specific until thrust is terminated (by direct result of 
the failure, automatic on-board termination, flight safety action, or aerodynamic breakup).   If the 
vehicle breaks apart or is destroyed, the resulting debris is then characterized by both 
aerodynamic properties and properties that affect the consequences if it impacts a person or 
object.  There is inherent uncertainty in these parameters, which is included in the risk 
modeling. 

After thrust is terminated the debris from the accident propagates ballistically (the only forces 
are drag, lift, and gravity).  Debris that is very dense and has a high ballistic coefficient (β) is 
less affected by the atmosphere and will tend to land closer to the vacuum instantaneous impact 
point than lower ballistic coefficient pieces.  High ballistic coefficients can be associated with 
pumps, other compact metal equipment, etc.  Panels or pieces of motor and rocket skin offer a 
high drag relative to their mass (a low ballistic coefficient) and consequently slow down much 
more rapidly in the atmosphere.  After slowing down they tend to fall and drift with the wind.  A 
piece of debris with a very low ballistic coefficient (β =1) is shown to stop its forward flight 
almost immediately and drift to impact in the direction of the wind.  Pieces having intermediate 
value ballistic coefficients show a combination of effects.  The uncertainties in the wind and 
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aerodynamics of the pieces are accounted for during this stage, resulting in a dispersion of 
debris. 

For each debris piece that may impact, the consequence is then modeled.  Impacting launch 
vehicle fragments can be divided into four categories: 

• Inert pieces of vehicle structure, 

• Pieces of solid propellant (some of which may burn up during free fall), 

• Vehicle structures which contain propellant (solid or liquid) that may continue to burn 
after landing (but are non-explosive), and 

• Fragments which contain propellant and which can explode upon impact  
 

The consequence of a single fragment impact is quantified by the “casualty area.”  The casualty 
area of an impacting fragment is the area about the fragment impact point within which a person 
would become a casualty.  Casualties may result from a direct hit, from a bouncing fragment, 
from a collapsing structure resulting from an impact on a building or other shelter, from the 
overpressure pulse created by an explosive fragment, from a fire or toxic cloud produced by the 
fragment, or some combination thereof.  The hazard area is increased if a fragment has any 
significant horizontal velocity component at impact which could result in bouncing or other 
horizontal motion near ground level.  Casualty area is also affected by the sheltering of people 
by structures.  Usually structures protect people from debris, but a very large impact may also 
cause portions of a building to collapse, and the people inside are then also hazarded by the 
debris from the structure.  From a consequence standpoint, the pieces having a higher ballistic 
coefficient impact at a higher velocity (and usually have larger mass) so can cause more severe 
injuries and more damage.  

The regions or areas exposed to accident hazards must be identified and the vulnerability to 
debris quantified.  This is called population modeling.  A population model includes the location 
and number of groups of people as well as the types of structures they are in.  

The final step is the computation of risk, both individual probability of casualty and collective 
expectation of casualty.  This calculation incorporates the debris dispersion, the consequence 
determination, and the population model. 

Safety Criteria 
Acceptable risk criteria at PMRF are based on the guidance of RCC 321-02, and are currently 
as follows (per mission): 

For mission essential personnel and assets,  

• Probability of casualty for each individual must be less than 3 in 1 million (3 x 10-6), 

• Total expectation of casualty must be less than 300 in 1 million (3 x 10-4), 

• Probability of impact upon each aircraft with a 1 gram or greater piece of debris must 
be less than 1 in 1 million (1 x 10-6), and 
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• Probability of impact upon each ship of debris with greater than 11 foot-pounds force 
(ft-lbf) of energy must be less than 10 in 1 million (1 x 10-5). 
 

For the general public,  

• Probability of casualty for each individual must be less than 1 in 10 million  
(1 x 10-7), 

• Total expectation of casualty must be less than 30 in 1 million (3 x 10-5), 

• Probability of impact upon each aircraft with a 1 gram or greater piece of debris must 
be less than 1 in 10 million (1 x 10-7), and 

• Probability of impact on each ship of debris with greater than 11 ft-lbf of energy must 
be less than 1 in 1 million (1 x 10-6). 
 

Aircraft and Ship Clearance Procedures 
The criteria above are used to determine clearance area for aircraft and ships.  Larger warning 
areas are also published that include the entire region where a hazard may exist.   

For aircraft, clearance and warning areas are distributed through the Airmen’s Information 
System and the Notice to Airmen (NOTAM) System.  The Airmen’s Information System consists 
of civil aeronautical charts and publications, such as airport/facility directories, published and 
distributed by the Federal Aviation Administration, National Aeronautical Charting Office.  The 
aeronautical charts and the airport/facility directories contain more permanent data and are the 
main sources to notify airmen of changes in or to the National Airspace System. 

The NOTAM System is a telecommunication system designed to distribute unanticipated or 
temporary changes in the National Airspace System, or until aeronautical charts and other 
publications can be amended.  This information is distributed in the Notice to Airmen 
Publication.  The Notice to Airmen Publication is divided into four parts:  (1) NOTAMs expected 
to be in effect on the date of publication, (2) revisions to Minimum En Route Instrument Flight 
Rules Altitudes and Changeover Points, (3) international—flight prohibitions, potential hostile 
situations, foreign notices, and oceanic airspace notices, (4) special notices and graphics such 
as military training areas, large scale sporting events, air shows, and airport specific 
information—Special Traffic Management Programs.  Notices in Sections 1 and 2 are submitted 
through the National Flight Data Center, ATA-110.  Notices in Sections 3 and 4 are submitted 
and processed through Air Traffic Publications, ATA-10.  Air Traffic Publications, ATA-10 issues 
the NOTAM Publication every 28 days. 

For ship protection, clearance and warning areas are provided to the Coast Guard.  The Coast 
Guard District is responsible for developing and issuing Local Notices to Mariners.  Local 
Notices to Mariners are developed from information received from Coast Guard field units, the 
General Public, U.S. Army Corps of Engineers, U.S. Merchant Fleet, National Oceanic and 
Atmospheric Administration, National Ocean Service, and other sources, concerning the 
establishment of, changes to, and deficiencies in aids to navigation and any other information 
pertaining to the safety of the waterways within each Coast Guard District.  This information 
includes reports of channel conditions, obstructions, hazards to navigation, dangers, 
anchorages, restricted areas, regattas, information on bridges such as proposed construction or 
modification, the establishment or removal of drill rigs and vessels, and similar items. 
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Range Safety System Validation 
In order for mission rules such as destruct limits to be implemented, the range safety system 
must work, especially the flight termination system.  For tracking (position and velocity data), 
multiple reliable, independent sources are required for each vehicle.  Extensive effort is applied 
to the validation of the flight termination system.  PMRF Instruction 8020.16 includes specific 
appendices for both tracking systems and for flight termination systems. 

Tracking systems include both ground based systems (i.e., radar) and on-board systems (i.e., 
global positioning systems).  Radar systems have been used extensively at PMRF for many 
years, and have very high reliability, having successfully tracked many vehicles.  Radar tracking 
can either be performed to track a beacon on-board the vehicle or in skin-track mode.  On-board 
data is sent to the ground through telemetry.  On-board systems typically have very high 
accuracy.  The standards in RCC Standard 324, Global Positioning and Inertial Measurements 
Range Safety Tracking Systems Commonality Standard provide guidance and specifications for 
testing of these systems to ensure their reliability. 

A flight termination system consists of several components.  The ground unit contains a 
transmitter, which can send simple tones on a mission-specific radio frequency.  On the vehicle 
there is a radio receiver and a termination system.  The termination system may either be a 
non-destructive thrust-termination action or a destruct charge that breaks apart the vehicle.  The 
choice of the system depends on mission, vehicle, and safety constraints.  This system must 
have high reliability, and numerous tests are performed on each flight termination system unit to 
ensure that it will work throughout all conceivable missile flight environments.  RCC Standard 
319, Flight Termination Systems Commonality Standard provides guidance and specifications 
for testing of these systems to ensure their reliability. 

In-flight Safety Actions 
In real-time, the impact points of debris are computed based on the current position and velocity 
of the vehicle.  The impact points are based on telemetry and/or radar data of the vehicle 
position and velocity.  These are displayed to the Missile Flight Safety Officer (MFSO), who 
monitors them relative to prescribed destruct lines.  If the vehicle encroaches upon these lines, 
a destruct decision is made or withheld according to clearly formulated destruct criteria. A 
backup system during early flight is visual observation, where an observer watches the vehicle 
through a “skyscreen” with pre-determined boundaries.  The observer advises the MFSO 
through handheld radio whether the missile is within the acceptable flight corridor. 

Early in the flight the (predicted) instantaneous impact point advances slowly.  As the vehicle 
altitude, velocity, and acceleration increase, the instantaneous impact point change rate also 
increases from zero to several miles per second.  It is the instantaneous impact point that the 
Range Safety Officer usually observes during a launch.  Prior to launch, a map with lines 
indicates the limits of excursion, which, when exceeded, would dictate a command signal to 
terminate flight. 

Generally, the on-board destruct system is not activated early in flight (during the first few 
seconds or so) until the failed vehicle clears the launch.  This is intended to protect valuable 
launch assets.  Debris from such accidents will land within the Ground Hazard Area. 



 
Appendix K Missile Launch Safety and Emergency Response 

 

K-10 Hawaii Range Complex Final EIS/OEIS  May 2008 
 
  

Emergency Response 
PMRF has an Emergency Response Plan that defines the initial response requirements and 
procedures to be implemented in the event that a missile malfunction and/or flight termination 
occurs during flight activities.  The following paragraphs present a general description of the 
emergency response process. 

Initial response to any areas impacted by flight hardware shall be to secure and render safe the 
area for follow-on recovery and restoration activities.  All areas affected by ground impact of 
flight hardware shall be cleared of all recoverable debris and environmentally restored.  The 
recovery of launch hardware shall be accomplished in a manner consistent with each launch 
location’s requirements as set forth in applicable environmental documentation and conditions 
specified by the appropriate land owner. 

In the event of a flight termination or malfunction, Flight Safety would immediately determine the 
projected impact area(s) for all debris and flight hardware.  The Emergency Response 
Coordinator would be notified, and the Emergency Response Plan would be initiated. 

An initial assessment team would be immediately dispatched to the predicted impact area(s) to 
assess the situation. 

Key elements of information to be obtained by the initial assessment team include: 

• Exact impact location(s) 

• Extent and condition of impact location(s) 

• Personnel injuries 

• Indications of fires and/or hazardous materials releases 

• Extent of property damage 
 
Results would be reported back to the Emergency Response Coordinator as expeditiously as 
possible.  Based on this assessment, the Emergency Response Coordinator would call up and 
dispatch to the impact site(s) the appropriate elements of a contingency team. 

The Contingency Team would be designated by the Emergency Response Coordinator and 
would consist of those elements determined to be required, based on the initial assessment.  
Elements that may be included on the Contingency Team may include, depending on the 
situation, communications, logistics, public affairs, staff judge advocate, security, health and 
safety, Explosive Ordnance Disposal, recovery, fire safety, and civilian agency personnel. 

The initial priorities for the Contingency Team are the following: 

• Emergency rescue and/or emergency medical treatment 

• Establish site security 

• Contain, control, and extinguish fires 

• Confine hazardous materials 
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All elements of the Contingency Team would be under the control of an On Scene Incident 
Coordinator, designated by the Emergency Response Coordinator.  The On Scene Incident 
Coordinator would retain on-scene control of all initial response elements until initial response 
operations are complete and recovery and site restoration activities commence. 

The highest priorities during any emergency response operation are the rescue of injured or 
trapped personnel and the control of any fires produced by a launch or impact event.  Rescue of 
injured and trapped personnel is of the highest priority.  Responsibility for emergency rescue is 
shared among all initial response personnel but most especially by the first-on-scene security 
personnel and the fire response units (military or civilian).  Rescues should be attempted using 
appropriate safety equipment and protective clothing (i.e., respirators, protective clothing, etc., 
as necessary).  Since rescue may require entry into the impact area, care should be taken to 
avoid hazards associated with hazardous debris or fires.  Under no circumstances shall rescue 
personnel unnecessarily endanger themselves during rescue activities.  Rescue personnel 
should never require rescue by other response personnel. 

Emergency response operations are complete once all impact sites have been secured, rescue 
operations are completed, any fires have been extinguished, and initial site reconnaissance has 
been performed.  Recovery and site restoration activities can then be initiated.  Using the results 
of the initial site reconnaissance, plans would be developed for the recovery of all debris and the 
restoration of the site(s) to natural conditions. 

Additional post-launch recovery and restoration areas may be determined by the launch 
operator before and throughout mission-specific activities.  The recovery of launch hardware 
would be accomplished in a manner consistent with the launch site procedures, and 
requirements set forth in applicable environmental documentation and conditions specified in 
agreements with appropriate land owners. 

The launch site operator is responsible for planning, performance, and control of launch 
activities.  This includes: 

• Using results of analysis provided by Flight Safety to determine flight hardware 
impact zones which fully encompass the areas designated in the analysis 

• Ensuring that appropriate agreements with all affected landowners are in place and 
adequately address recovery requirements 

• Coordinating with local civilian authorities concerning recovery requirements 

• Providing recovery plans to applicable agencies/personnel in accordance with 
current launch site policies 

• Establishing appropriate travel routes (ground/air) prior to launch activities to outline 
access into recovery areas 

• Perform visual inspections and obtain radar data to insure expeditious recovery of 
the missile 

• Ensure complete recovery of missile hardware 
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The recovery team is responsible for the recovery of all missile debris and restoration of impact 
areas to their natural condition.  Recovery personnel would have overall responsibility for 
controlling recovery and restoration activities.  Air units composed of helicopters and support 
equipment would transport recovery personnel to road-inaccessible impact sites.  Air support 
equipment would also transport the missile components out of all land and near-shore impact 
sites and perform quality assurance inspections or sweeps to ensure proper recovery 
procedures. 

Each launch location is subject to all Federal and State regulations involving waste/material 
handling and disposal, endangered species, and historical resource preservation.  
Implementation of these regulations may require the assistance of civilian agencies and law 
enforcement authorities during recovery and restoration activities.  Civilian assistance would be 
requested by each launch location in accordance with existing agreements. 

The following is a list of personnel, equipment, transportation, and operational requirements that 
typically would be necessary to perform recovery activities. 

Personnel 
• Helicopter pilots 

• Helicopter co-pilots 

• Helicopter crew chief 

• Explosive Ordnance Disposal personnel (two) 

• Recovery personnel 

• Project representative 

• Owner representative (if required by controlling agent) 

• Environmental representative (if required by controlling agent) 
 
Roadblocks 
Roadblocks shall be utilized to limit unauthorized access into recovery areas that include 
locations in the vicinity of public roadways or thoroughfares.  The Recovery Team Coordinator 
would designate appropriate roadblock locations on roads leading into recovery areas.  
Roadblocks would be coordinated by the launch site security personnel, augmented as needed 
by local law enforcement personnel.  At each roadblock positive communication would be 
established and maintained with the Recovery Team Coordinator and other security 
personnel/roadblocks.  This communication would occur using either landlines (telephones), 
cellular telephone, or military radio systems. 

Certain critical response personnel, such as ambulance/medical or fire response units, shall be 
permitted to pass through “active” roadblocks in the performance of their duties.  

Debris Recovery 
Personnel would arrive at impact site by appropriate mode.  Recovery transportation vehicles 
would remain at the nearest accessible road.  Explosive Ordnance Disposal members of the 
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recovery team would be the first on scene and would be responsible for the identification, 
handling, control, and rendering safe of minor detonating charges and other minor hazardous 
debris.  Other responsibilities include: 

• Providing initial impact site control to prevent exposure for recovery personnel 
(Security personnel would assume this role as impact zone access controls are 
eased.) 

• Maintaining area safety and rendering safe potential explosive materials 

• Conducting initial impact site assessments for the identification of debris and the 
determination of recovery equipment requirements 

• Assisting in dismantling of launch hardware prior to recovery and transport activities 
 
Recovery personnel would then handle the next phase of the recovery including: 

• Collect small missile parts 

• Dismantle larger pieces into manageable sections 

• Transport recovered parts by helicopter to recovery vehicles waiting at accessible 
roads 

 
Environmental Restoration 
Recovery activities would be coordinated with the Environmental Office at each launch site.  If 
deemed necessary, an archaeologist and biologist would accompany Explosive Ordnance 
Disposal personnel during the initial site assessment to determine if cultural or sensitive 
biological resources are present at the impact site.  These resource specialists would assist in 
the determination of recovery equipment requirements and recovery transport routes. 

All recovery and restoration activities would be carried out in accordance with Memorandums of 
Agreement signed by appropriate State and Federal agencies and other potentially affected 
organizations.  Impacted areas would be restored to a natural condition in accordance with land-
owners’ agreements and agency requirements. 
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A-A MISSILEX Air-to-Air Missile Exercise 
A-S GUNEX Air-to-Surface Gunnery Exercise 
A-S MISSILEX Air-to-Surface Missile Exercise 
AAF Army Airfield 
AAQS Ambient Air Quality Standards 
AAR After Action Report 
AAV Amphibious Assault Vehicle 
AAW Anti-air Warfare 
ABL Airborne Laser 
ABR Auditory Brainstem Response 
ACAM Air Conformity Applicability Model  
ACM Air Combat Maneuver 
ACTH  Adrenocorticotropic Hormone 
ADAR Air Deployable Active Receiver  
ADCAP Advanced Capability 
AEP Auditory Evoked Potentials 
AFAST Atlantic Fleet Active Sonar Training 
AFB Air Force Base 
AFS Air Force Station 
AGL Above Ground Level 
AICUZ Air Installation Compatible Use Zone 
AIROPS Aircraft Operations 
AIS Automatic Identification System 
ALMDS Airborne Laser Mine Detection System 
ALTRV Altitude Reservation 
AMNS Airborne Mine Neutralization System 
AMPHIBEX Amphibious Exercise 
AMW Anti-Missile Warfare 
ANSI American National Standards Institute 
AP Ammonium Perchlorate 
API Agricultural Preservation Initiative 
APZ Accident Potential Zone 
ARDEL Advanced Radar Detection Laboratory 
ARP Antenna Radiation Patterns 
ARTCC Air Route Traffic Control Center 
ASDS Advanced Sea, Air, and Land Delivery System 
ASFA Aquatic Sciences and Fisheries Abstract 
ASRM Advanced Solid Rocket Motor 
AST Aboveground Storage Tank 
ASUW Anti-Surface Warfare 
ASW Anti-Submarine Warfare 
ATCAA Air Traffic Control Assigned Airspace 
ATF Acoustic Test Facility 
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ATOC Acoustic Thermometry of Ocean Climate 
AWOIS Automated Wreck and Obstruction Information System 
BARSTUR Barking Sands Tactical Underwater Range 
BATS Ballistic Aerial Target System 
BMD Ballistic Missile Defense 
BMUS Bottomfish Management Unit Species 
BOMBEX Bombing Exercise 
BRAC Base Realignment and Closure 
BSURE Barking Sands Underwater Range Extension  
BWS Board of Water Supply 
C2 Command and Control 
C3 Command, Control, and Communications 
CAA Clean Air Act 
CAS Close Air Support 
CASEX Close Air Support Exercise 
CATM Captive Air Training Missile  
CCD Coastal Consistency Determination 
CEC Cooperative Engagement Capability 
CEQ Council on Environmental Quality 
CERCLA Comprehensive Environmental Response, Compensation, and Liability 

Act 
CFFC Commander, Fleet Forces Command 
CFR Code of Federal Regulations 
CHAFFEX Chaff Exercise 
CHCRT Currently Harvested Coral Reef Taxa 
CHESS Chase Encirclement Stress Studies 
CHRIMP Consolidated Hazardous Material Reutilization and Inventory 

Management Program 
CMUS Crustacean Management Unit Species 
CNEL Community Noise Equivalent Level 
CNO Chief of Naval Operations 
COMNAVSURFPAC Commander, Naval Surface Force, U.S. Pacific Fleet 
COMPTUEX Composite Training Unit Exercise 
COSIP Coherent Signal Processing 
CPA Closest Point of Approach 
CPF Commander, Pacific Fleet 
CRRC Combat Rubber Raiding Craft  
CSAR Combat Search and Rescue 
CSG Carrier Strike Group 
CSSQT Combat System Ship Qualification Trial 
CV Coefficient of Variation 
CWA Clean Water Act 
CWB Clean Water Branch 
CZMA Coastal Zone Management Act 
CZMP Coastal Zone Management Program 
DA Direct Action 
dB Decibel 
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dBA A-Weighted Decibels 
DBDBV Digital Bathymetry Data Base Variable Resolution 
dBP Decibels (Peak) 
DDC Defense Distribution Center  
DDC Department of Design and Construction 
DDT Dichlorodiphyenyltrichloroethane 
DEIS Draft Environmental Impact Statement 
DEMO Demolition 
DHHL Department of Hawaiian Homelands 
DICASS Directional Command-Activated Sonobuoy System 
DLNR Department of Land and Natural Resources 
DMR Dillingham Military Reservation  
DNT Dinitrotoluene 
DoD Department of Defense 
DOE Department of Energy 
DOT Department of Transportation 
DRMO Defense Reutilization and Marketing Office 
DTS Department of Transportation Services 
EA Environmental Assessment 
EC Electronic Combat 
EC50 Effective concentration where 50 percent of maximal effect is observed 
ECM Electronic Countermeasures 
EER Extended Echo Ranging  
EEZ Exclusive Economic Zone 
EFD Energy Flux Density 
EFDL Energy Flux Density Level 
EFH Essential Fish Habitat 
EFV Expeditionary Fighting Vehicle 
EIS Environmental Impact Statement 
EL Energy Level 
EM Electromagnetic 
EMESS Electromagnetic Environmental System Simulator  
EMI Electromagnetic Interference 
EMR Electromagnetic Radiation 
ENSO El Niño Southern Oscillation 
EO Executive Order 
EOD Explosive Ordnance Disposal  
EODMU Explosive Ordnance Disposal Mobile Unit 
EPCRA Emergency Planning and Community Right-to-Know Act  
ERGM Extended Range Guided Munition 
ESA Endangered Species Act 
ESG Expeditionary Strike Group 
ESM Electronic Warfare Support Measures 
ESQD Explosive Safety Quantity Distance 
ET Electronically Timed 
EW Electronic Warfare  
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FAA Federal Aviation Administration 
ºF Degree Fahrenheit 
FACSFAC Fleet Area Control and Surveillance Facility 
FACSFACPH Fleet and Area Control and Surveillance Facility Pearl Harbor  
FAR Federal Acquisition Regulation 
FAST Floating At Sea Target 
FCLP Field Carrier Landing Practice 
FEIS Final Environmental Impact Statement 
FIR Flight Information Region 
FIREX Fire Support Exercise  
FL Flight Level 
FLAREX Flare Exercise 
FM Frequency Modulation 
FMP Fishery Management Plan 
FOIA Freedom of Information Act 
FORACS Fleet Operational Readiness 
FRTP Fleet Response Training Plan 
FSEL Flat Sound Equivalent Level 
ft Foot (Feet) 
ft2 Square Foot (Square Feet) 
FTEC Fleet Technical Evaluation Center 
FTF Flexible Family Target 
ft-lb Foot-pound Force 
FY Fiscal Year 
gal Gallon 
GDEM Generalized Dynamic Environmental Model 
GEM Graphite Epoxy Motor 
GHA Ground Hazard Area 
GPD Gallons Per Day 
GUNEX Gunnery Exercise 
HA/DR Humanitarian Assistance/Disaster Relief 
HAFB Hickam Air Force Base 
HAO/NEO Humanitarian Assistance Operation/Non-Combatant Evacuation 

Operation 
HAPC Habitat Areas of Particular Concern 
HAR Hawaii Administrative Regulations 
HARM High-Speed Anti-Radiation Missile  
HATS Hawaii Area Tracking System 
HCF Hawaii Community Foundation 
HDAR Hawaii Department of Aquatic Resources 
HDLNR Hawaii Department of Land and Natural Resources 
HE-ET High Explosive Electronically Timed Projectile 
HERF Hazard of Electromagnetic Radiation to Fuel 
HERO Hazard of Electromagnetic Radiation to Ordnance 
HERP Hazard of Electromagnetic Radiation to Personnel 
HF High Frequency 
HFA High-Frequency Active 
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HFBL High Frequency Bottom Loss 
HIANG Hawaii Air National Guard 
HIHWNMS Hawaiian Islands Humpback Whale National Marine Sanctuary 
HMR Helemano Military Reservation  
HMX High Melting Explosive 
HRC Hawaii Range Complex 
HRS Hawaii Revised Statutes 
Hz Hertz 
ICAO International Civil Aviation Authority 
ICMP Integrated Comprehensive Monitoring Plan 
ICRMP Integrated Cultural Resource Management Plan 
IEER Improved Extended Echo Ranging  
IFF Identification Friend or Foe 
IFR Instrument Flight Rules 
IHA Incidental Harassment Authorization 
INRMP Integrated Natural Resources Management Plan 
IP Implementation Plan 
IR Infrared 
IRFNA Inhibited Red Fuming Nitric Acid 
IRP Installation Restoration Program 
ISTT Improved Surface Towed Targets 
ITAM Integrated Training Area Management  
IUCN International Union for Conservation of Nature and Natural Resources 

(World Conservation Union) 
IWC International Whaling Commission 
JATO Jet-Assisted Takeoff 
JNTC Joint National Training Capability 
JTF WARNET Joint Task Force Wide Area Relay Network 
JTFEX Joint Task Force Exercise 
KE-ET Kinetic Energy Projectile 
kHz Kilohertz 
KIUC Kauai Island Utility Cooperative 
km kilometer 
KTA Kahuku Training Area 
KTF Kauai Test Facility 
kV Kilovolt 
KW Kilowatt 
LASH Littoral Airborne Sensor Hyper-spectral 
LATR Large Area Tracking Range 
lb Pound(s) 
LC50 The lethal concentration that kills 50 percent of test animals 
LCAC Landing Craft, Air Cushioned 
LCU Landing Craft, Utility 
Ldn Day-Night Average Sound Level 
Leq 1 sec 1-Second Averaged Equivalent Sound Level 
Leq Energy Equivalent Sound Level 
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LFA Low-Frequency Active 
LFBL Low-Frequency Bottom Loss 
LFX Live Fire Exercise 
Lmax Maximum Sound Level 
LMRS Long-term Mine Reconnaissance System 
LOA Letter of Authorization 
LOS Level of Service 
LSRB Laser Safety Review Board 
LTO Landing and Takeoff 
LWAD Littoral Warfare Advanced Development  
m Meter 
m/sec Meter per Second 
MAGTF Marine Air Ground Task Force  
MATSS Mobile Aerial Target Support System 
MBTA Migratory Bird Treaty Act 
MCBH Marine Corps Base Hawaii 
MCM Mine Countermeasures 
MCTAB Marine Corps Training Area–Bellows  
MDA Missile Defense Agency 
MDSU-1 Mobile Diving and Salvage Unit One 
MEU Marine Expeditionary Unit 
MFA Mid-Frequency Active 
MFSO Missile Flight Safety Officer  
MGD Million Gallons Per Day 
mg/kg Milligrams Per Kilogram 
mg/m2 Milligrams Per Square Meter 
mg/m3 Milligrams Per Cubic Meter 
µg/m3  Micrograms Per Cubic Meter 
MHz Megahertz 
mi Mile 
mi2 Square Mile 
MIDPAC Mid-Pacific  
MINEX Mine Exercise 
MISSILEX Missile Exercise 
MIW Mine Warfare 
MMHSRP  Marine Mammal Health and Stranding Response Program  
MMPA Marine Mammal Protection Act 
MMR Makua Military Reservation 
MMR Military Munitions Rule 
µPa Micropascal 
µPa-m Micropascal-Meter 
µPa2-s Micropascal Squared-Second 
MSAT Marine Species Awareness Training 
msec Microsecond 
MSE Multiple Successive Explosions 
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MSFCMA  Magnuson-Stevens Fishery Conservation and Management Act 
MSL Mean Sea Level 
MW Megawatt 
N/A  Not Applicable 
NAA Non-attainment Area 
NAAQS National Ambient Air Quality Standards 
NAGPRA Native American Graves Protection and Repatriation Act 
NASA National Aeronautics and Space Administration 
NATO North Atlantic Treaty Organization 
NAVEDTRA Naval Educational Training 
NAVMAG Naval Magazine 
NAVSEA Naval Sea Systems Command 
NAVSEAOP Naval Sea Systems Command Publication 
NAWQC National Ambient Water Quality Criteria  
NCA National Command Authority 
NDAA National Defense Authorization Act of 2004 
NEO Noncombatant Evacuation Operation 
NEPA National Environmental Policy Act 
NEW Net Explosive Weight 
nm Nautical Mile 
nm2 Square Nautical Miles 
NMFS National Marine Fisheries Service 
NMSA National Marine Sanctuaries Act 
NOAA National Oceanic and Atmospheric Administration 
NOI Notice of Intent 
NOTAM Notice to Airmen 
NOTMAR Notice to Mariners 
NPAL North Pacific Acoustic Laboratory 
NRHP National Register of Historic Places 
NSFS Naval Surface Fire Support 
NSW Naval Special Warfare 
NTA Navy Tactical Task 
NUWC Naval Undersea Warfare Center 
OAMCM Organic Airborne Mine Countermeasures 
OASIS Organic Airborne and Surface Influence Sweep 
OC Oceanic Control 
OEEZ Outer Exclusive Economic Zone 
OEIS Overseas Environmental Impact Statement  
OMCM Organic Mine Countermeasures 
ONR Office of Naval Research 
OPA Oil Pollution Act 
OPAREA Operating Area 
OPNAVINST Office of the Chief of Naval Operations Instruction 
ORMP Ocean Resources Management Plan 
OSHA Occupational Safety and Health Administration 
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OTTO Torpedo Fuel 
oz/gal Ounces per Gallon 
oz/lb Ounces Per Pound 
PA Programmatic Agreement 
PAH Polycyclic Aromatic Hydrocarbons 
PBX Plastic Bonded Explosive 
PCB Polychlorinated Biphenyl 
PCMUS Precious Corals Management Unit Species 
PETN Pentaerythritol Tetranitrate 
pH Hydrogen Ion Concentration (a measure of acidity/alkalinity) 
PHCRT Potentially Harvested Coral Reef Taxa 
PL Public Law 
PM-10 Particulate Matter with an Aerodynamic Diameter Less Than or 

Equal to 10 Microns 
PM-2.5 Particulate Matter with an Aerodynamic Diameter Less Than or 

Equal to 2.5 Microns 
PMAR Primary Mission Area 
PMRF  Pacific Missile Range Facility 
PMRFINST Pacific Missile Range Facility Instruction 
POL Petroleum, Oil, and Lubricants 
POW/MIA Prisoner of War/Missing in Action 
ppb Parts Per Billion 
ppm Parts Per Million 
psi Pounds Per Square Inch 
psi-ms Pounds Per Square Inch–Millisecond 
PTA Pohakuloa Training Area 
PUTR Portable Undersea Tracking Range 
Q/L Quick Look 
QDR Quadrennial Defense Review 
RAMICS Rapid Airborne Mine Clearance System 
RCC Range Commanders Council 
RCD Required Capabilities Document 
RCMP Range Complex Management Plan 
RCRA Resource Conservation and Recovery Act 
RDF Radio Direction Finding 
RDT&E Research, Development, Test, and Evaluation 
RDX Royal Demolition Explosive  
RF Radio Frequency 
RHIB Rigid Hull, Inflatable Boat 
RIMPAC Rim of the Pacific 
RL Received Level 
RMS Remote Minehunting System 
RMS Root Mean Square 
ROD Record of Decision 
RSOP Range Safety Operation Plan 



   
Acronyms and Abbreviations 

 

May 2008 Hawaii Range Complex Final EIS/OEIS  AC-9 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RSS Range Safety System 
S-A GUNEX Surface-to-Air Gunnery Exercise 
S-A MISSILEX Surface-to-Air Missile Exercise 
S-S GUNEX Surface-to-Surface Gunnery Exercise 
S-S MISSILEX Surface-to-Surface Missile Exercise 
SARA Superfund Amendments and Reauthorization Act 
SAT/UNSAT Satisfactory/Unsatisfactory 
SBMR Schofield Barracks Military Reservation  
SD Standard Deviation 
SDV Sea, Air and Land Delivery Vehicle 
SEAL United States Navy Sea, Air and Land  
sec Second 
SEL Sound Equivalent Level 
SEPTAR Seaborne Target 
SESEF Shipboard Electronic Systems Evaluation Facility 
SHPO State Historic Preservation Office 
SICO System Integration Checkout 
SINKEX Sink Exercise 
SM Standard Missile 
SMA Sonar Modeling Area 
SOA Submarine Operating Area 
SOP   Standard Operating Procedures 
SPAWAR  Space and Naval Warfare 
SPECWAROPS Special Warfare Operations 
SPL Sound Pressure Level 
SPORTS Sonar Positional Reporting System  
SR Special Reconnaissance 
SSC SPAWAR Systems Center 
SSG Surface Strike Group 
SSTA Submarine Sonar Training Area 
STS Strategic Target System 
STW Strike Warfare 
SUA Special Use Airspace 
SURFSAT  Surface Weapons System Accuracy Test 
SURTASS Surveillance Towed Array Sensor System 
SVP Sound Velocity Profile 
SWSA Submarine Warfare System Assessment 
SWTR Shallow Water Training Range 
T&E Test and Evaluation, Threatened and Endangered 
T/G Touch-and-Go Landing 
TA Training Area 
TACAN Tactical Air Navigation 
TAP Tactical Training Theater Assessment and Planning  
TBP Tributyl Phosphate 
THAAD Terminal High Altitude Area Defense 
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 TL Transmission Loss 
TM Tympanic Membrane 
TMDL Total Maximum Daily Load 
TNT Trinitrotoluene 
TOA  Temporary Operating Area 
TORPEX Torpedo Exercise 
TPY Tons Per Year 
TRACKEX Tracking Exercise 
TTS Temporary Threshold Shift 
U.S. United States 
U.S.C. United States Code 
UAV Unmanned Aerial Vehicle 
UESA Ultra High Frequency Electronically Scanned Array 
UHF/VHF Ultra High Frequency/Very High Frequency 
UME Unusual Mortality Event 
UNDS Uniform National Discharge Standard 
USACE United States Army Corps of Engineers 
USAKA United States Army Kwajalein Atoll 
USARHAW United States Army, Hawaii 
USEPA United States Environmental Protection Agency 
USFWS United States Fish and Wildlife Service 
USSPACECOM United States Space Command 
UST Underground Storage Tank 
USTRANSCOM United States Transportation Command 
USV Unmanned Surface Vehicle 
USWEX Undersea Warfare Exercise 
USWREF Undersea Warfare Readiness Evaluation Facility 
USWTR Undersea Warfare Training Range 
UXO Unexploded Ordnance 
VBSS Visit, Board, Search, and Seizure  
VERTREP Vertical Replacement 
VFR Visual Flight Rules 
VHF Very High Frequency 
VMT Vehicle Miles Traveled 
VOC Volatile Organic Compound 
VTOL Vertical Takeoff and Landing  
W Warning Area 
WAAF Wheeler Army Airfield  
WIT Waterfront Integration Test 
WNTC Wheeler Network Communications Control 
WPRFMC Western Pacific Regional Fishery Management Council 
WWTP Waste Water Treatment Plant 
ZOI Zone of Influence 
 

 




