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1. Description of Activities 
The United States Marine Corps (USMC) requests a 7-year Letter of Authorization (LOA) for the incidental take of 

marine mammals, specifically common bottlenose dolphin (Tursiops truncatus), during training operations at the 

Marine Corps Air Station (MCAS) Cherry Point Range Complex (Figure 1-1).  Pursuant to National Marine 

Fisheries Service (NMFS) requirements for an LOA request, MCAS Cherry Point has prepared this report to 

analyze potential environmental effects associated with military training within the MCAS Cherry Point Range 

Complex.  The report focuses on the potential effects to marine mammals from bombing and target training at 

the in-water bombing targets (BTs) Brant Island (BT-9) and Rattan Bay (Piney Island Bombing Range, BT-11) 

located in Pamlico Sound, North Carolina (NC).  These bombing targets are under the control and management 

of MCAS Cherry Point.  Activities evaluated in this document can be part of single unit training exercises or 

larger-scale training events.  

This section provides a description of the training activities conducted at the in-water ranges that involve the 

use of live (explosive) and inert (non-explosive) ordnance, and small boat maneuvers.  

1.1 Munitions Firing 

Munitions firing training conducted on the water ranges includes air-to-surface (firing from aircraft to surface 

water targets) and surface-to-surface (firing from ship or boat to surface targets).  The number of sorties that 

conduct these missions may vary from year to year.  Table 1-1 lists the types of ordnance, or munitions, that can 

be expended at the Range Complex, including practice bombs, rockets, flares, chaff, gun ammunition, and 

grenades.  Note that deployment of live ordnance is only permitted at BT-9; all munitions fired at BT-11 are inert 

with the exception of a signal charge in practice bombs. 

MCAS Cherry Point’s standard operating procedures set the maximum limit at 100 pounds (lbs.) trinitrotoluene 

(TNT) equivalent for explosive ordnance at BT-9.  Net explosive weights (NEW) currently authorized for use at 

BT-9 range from 0.1019 to 100 lbs.  Practice bombs are used at both targets and are inert, although they do 

contain a small amount of explosive marking charge in a signal cartridge that allows the target hit to be detected 

by range scorekeepers and the pilot.  Explosives in the signal cartridge are less than 0.1 lb. TNT equivalent 

(USMC 2001b).   

Every practice and live-fire exercise at the Range Complex is designed and conducted so that all ammunition and 

other ordnance strike and/or fall within the existing danger zones or restricted areas for each bombing target.  A 

danger zone is a defined water area (or areas) used for target practice, bombing, rocket firing or other especially 

hazardous operations that may be closed to the public on a full-time or intermittent basis (33 CFR 334.2).   

A restricted area is a defined water area for the purpose of prohibiting or limiting public access to provide 

security for government property and/or protection to the public from the risks of damage or injury arising from 

the government’s use of that area (33 CFR 334.2). 
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Figure 1.1: MCAS Cherry Point Range Complex. 
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Table 1-1: Munitions authorized for use at the MCAS Cherry Point Range Complex1.  Live ordnance is displayed in bold text. Inert ordnance has a shaded 

background. 

Small Arms Large Arms Rockets Bombs Pyrotechnics 

.22 cal 

.40 cal 

.45 cal 

.50 cal 

5.56mm 

7.62mm 

9mm 

12 Gauge 

20mm 

30mm 

40mm 

105mm 40 lbs. 

 

20mm 

25mm 

30mm 

40mm 

40mm Illumination 

60mm Illuminations 

60mm Smoke White 
Phosphorous 

81mm 

81mm Illumination 

81mm Smoke White 
Phosphorous 

105mm Target Practice 

 

2.75-in Rocket 

5-in Rocket 

 

 

 

2.75-in Rocket 

2.75-in Rocket 
Illumination 

2.75-in Rocket White 
Phosphorous 

2.75-in Rocket Red 
Phosphorous 

5-in Rocket 

5-in Rocket White 
Phosphorous 

5-in Rocket Red 
Phosphorous 

 

G911 Grenade 

MK-81 250 lbs. 

 

 

 

Practice Hand Grenade 

Non-Lethal Stun 
Grenade  

Smoke Grenade 

BA21 0.052 lb. 

BDU-48 10 lbs. 

BDU-33 25 lbs.  

E976 25 lbs. 

MK-76 25 lbs. 

LGTR 90 lbs.  

BDU-45 500 lbs. 

BDU-50 500 lbs. 

GBU-12 500 lbs. 

MK-82 500 lbs. 

BDU-38 750 lbs. 

GBU-16 1,000 lbs. 

MK-83 1,000 lbs. 

MK-63 1,061 lbs. 

 

 

 

 

 

Chaff 

LUU-2 

LUU-19 

MI27 A1-Parachute 
Flare 

Self-Protection Flare 

Signal Illuminations 

Simulated Booby Traps 

Smokey Sams 

Artillery Simulator 
Ground Burst 

1Variants of the listed munitions and newly developed munitions that fall into these categories may be approved for use at the Range Complex as they become available. 
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1.1.1 Surface-to-Surface 

Gunnery exercise is the only category of surface-to-surface activity currently conducted at BT-9 and BT-11. 

 Gunnery Exercise:  A small boat, typically operated by Special Boat Team personnel, uses a machine gun 
to attack a surface target that simulates another ship, boat, swimmer, floating mine or near-shore land 
targets.  Boats conducting surface-to-surface firing activities will typically use 7.62 millimeter (mm) or 
.50 caliber (cal) machine guns; 40 mm grenade machine guns; or G911 concussion hand grenades.  This 
exercise is usually a live-fire exercise, but blanks may be used so that the boat crews can practice their 
ship handing skills.  BT-9 is the most common target used for gunnery exercises.  A target is not used for 
the gunnery exercises employing the G911 Concussion grenade, as the goal of this specific training is to 
learn how to throw the grenade into the water. 

1.1.2 Air-to-Surface 

There are four categories of air-to-surface activities conducted at the MCAS Cherry Point bombing targets: mine 

laying, bombing, gunnery, and rocket exercises.  

 Mine Laying:  These activities involve a fixed-wing aircraft deploying inert mine shapes in an offensive or 
defensive pattern.  Mine laying operations are conducted in the waters around BT-9.  Mine laying 
exercises could include the use of Mark (MK)-62/63, MK-76, BDU-45, or Bomb Dummy Unit (BDU)-48 
inert training shapes.  Each training shape weighs 500/1000, 25, 500, and 10 (lbs.), respectively. 

 Bombing Exercise:  During these exercises, fixed-wing aircraft (two-four craft) deliver bombs against 
surface maritime targets with the goal of destroying or disabling enemy ships or boats.  These exercises 
occur during day and night.  Air-to-surface bombing exercises employ either unguided or precision-
guided munitions.  Unguided munitions include MK-76 and BDU-45 inert training bombs, as well as the 
MK-80 series of inert bombs (no cluster munitions are authorized).  Precision-guided munitions consist 
of laser-guided bombs (inert) and laser-guided training rounds (inert). 

 Gunnery Exercise:  Rotary-wing (and tilt-wing) gunnery exercises involve CH-53, UH-1, CH-46, MV-22, or 
H-60 rotary-wing aircraft with mounted 7.62 mm or .50 cal machine guns.  Each gunner expends 
approximately 800 rounds of 7.62 mm or 200 rounds of .50 cal ammunition per exercise.  Fixed-wing 
gunnery exercises involve two aircraft that begin descent to the target from an altitude of approximately 
914 meters (m) (3,000 feet [ft]) while still several miles away.  Within a distance of 1,219 m (4,000 ft) 
from the target, each aircraft fires a burst of approximately 30 rounds before descending to a minimum 
altitude of 305 m (1,000 ft) and then breaks off and repositions for another strafing run.  This continues 
until each aircraft expends its exercise ordnance allowance of approximately 250 rounds.  Typically 
fixed-wing gunnery exercises involve F/A-18 with Vulcan M61A1/A2, 20 mm cannon, and AV-8 with 
GAU-12, 25 mm cannon. 

 Rocket Exercise:  Fixed- and rotary-wing aircraft crews launch rockets at surface maritime targets during 
rocket exercises with the goal of destroying or disabling enemy ships or boats.  Rocket exercises may 
occur day or night.  These operations employ 2.75-inch (in) and 5-in rockets. 

1.1.3 Quantity and Accuracy or Ordnance Used 

The estimated amount of ordnance to be annually expended at BT-9 and BT-11 under these activities is 

1,238,618 and 1,952,610, respectively (Table 1-2 and Table 1-3).  The amounts of ordnance expended at the BTs 

account for all uses of the targets, including use by other services.  There are five types of explosive sources used 

at BT-9: 2.75-in Rocket High Explosives (HE), 5-in Rocket HE, 30 mm HE, 40 mm HE, and G911 grenades.  No high 

explosive munitions are used at BT-11. 
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Table 1-2: Proposed annual and cumulative levels of live and inert munitions to be expended at BT-9 in 2021-2028. 

Proposed Munitions 
Proposed No. of 
Rounds (Annual) 

Proposed No. of 
Rounds 

(Cumulative) 

Net 
Explosive 

Weight (lb) 

Small Arms excluding .50 cal 525,610 3,679,270 N/A 

.50 cal 568,515 3,979,605 N/A 

Large Arms – Live 
30mm 3,432 24,024 0.1019 

40mm 10,420 72,940 0.1199 

Large Arms – Inert 120,405 842,835 N/A 

Rockets – Live 
2.75-in 220 1,540 4.8 

5-in 68 476 15.0 

Rockets – Inert 844 5,908 N/A 

Bombs and Grenades – Live 
G911 144 1,008 0.5 

100-lbs NEW 
HE Bomb 

0 
0 

100 

Bombs and Grenades – Inert 4,460 31,220 N/A 

Pyrotechnics 2,500 17,500 N/A 

Total 1,236,618 8,656,326 N/A 
 
Table 1-3: Proposed annual and cumulative levels of inert munitions to be expended at BT-11 in 2021-2028. 

Proposed Munitions 
Proposed No. 

Rounds (Annual) 

Proposed No. Rounds 
(Cumulative) 

Small Arms excluding .50 cal 1,250,000 8,750,000 

.50 cal 425,000 2,975,000 

Large Arms 240,334 1,682,338 

Rockets 6,250 43,750 

Bombs and Grenades 22,114 31,500 

Pyrotechnics 8,912 62,384 

Total 1,952,610 13,544,972 
 

Both bombing targets are located in or near water; therefore, there is potential for rounds that miss the targets 
to impact or detonate in the water.  BT-9 is comprised of two ship hulls grounded on a shoal in the water; 
therefore, as the target is located in water, the Marine Corps assumes that 100 percent of the ordnance 
expended at BT-9 would detonate in the water (at a depth of approximately 0.1 m).  Three of the targets at BT-11 
are located either within or immediately adjacent to Rattan Bay.  In addition, the location and use of several 
other targets at BT-11 cause their associated Safety Danger Zones (SDZs) to extend into the water.  At BT-11, 
thirty-six percent of the composite weapons SDZs fall over water.  Based on the location of the SDZs, the USMC 
conservatively estimates that 36 percent of the total number of rounds expended at BT-11 would impact the 
water. 
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1.2 Small Boat Maneuvers 

Small boat maneuvers are conducted by Naval Special Warfare teams, Navy Expeditionary Combat Command 

units (e.g., Naval Coastal Warfare, Inshore Boat Units, Mobile Security Detachments, Explosive Ordnance 

Disposal, and Riverine Forces), and U.S. Coast Guard Units and others.  Boats used by these units include, but are 

not limited to, small unit river craft, combat rubber raiding craft, rigid hull inflatable boats, and patrol craft.  

These boats may have either inboard or outboard, diesel or gasoline engines with either propeller or water jet 

propulsion.   

The number of sorties conducted at each range may vary from year to year based on training needs and 

worldwide operational tempo.  Boat sortie weapons training at BT-9 includes live fire of 7.62 mm, .50 cal, and 40 

mm grenades, as well as use of G911 concussion grenades.  Munitions, both live and inert, fired during small 

boat maneuvers are included in the larger analyses for BT-11 and BT-9 and, therefore, are not broken down 

here. 

2. Dates and Duration of Activity and Geographical Region 
Surface-to-surface and air-to-surface munitions firing occurs year-round without seasonal restrictions.  The 

bombing targets are located at the convergence of the Neuse River and Pamlico Sound (Figure 2-1).  

BT-9 is located approximately 52 kilometers (km) (28 nautical miles [nm]) northeast of MCAS Cherry Point in 

Pamlico Sound, Pamlico County, NC.  Brant Island Shoals is located approximately 4.8 km (3 miles [mi]) southeast 

of Goose Creek Island.  Brant Island Shoals is roughly oriented northwest to southeast through the center of the 

circular target area.  The target is defined by a 6 statute-mile (SM) diameter prohibited area having its center on 

the southern side of Brant Island at latitude 35°12’30”, longitude -76°26’30” (33 CFR 334.420).  The area is 

closed to navigation and personnel at all times, and is delineated by large signs on pilings surrounding the 

perimeter of BT-9. 

BT-11 is a 50.6 square kilometer (km2) (19.5 square mile [mi2]) complex of land- and water-based targets, and 

includes all of the island and the surrounding waters in Pamlico Sound.  There are two designated danger zones 

and three restricted areas around the BT-11 target. 

3. Species and Numbers of Marine Mammals Likely to be Found in the Activity Area 
While records show there are 40 marine mammal species in the nearshore and offshore waters of North 

Carolina, the vast majority of these species are oceanic in distribution.  Only one marine mammal species—the 

common bottlenose dolphin (Tursiops truncatus)—has been repeatedly sighted in Pamlico Sound, while an 

additional species—the endangered West Indian manatee (Trichechus manatus)—has been rarely sighted 

(Lefebvre et al. 2001; DoN 2003; Cummings et. al. 2014).  

 A review of the records contained in the North Atlantic Right Whale Database, maintained by the North Atlantic 

Right Whale Consortium, showed that as of 2006, no sightings of the endangered North Atlantic right whale 

(Eubalaena glacialis) have ever been recorded within Pamlico Sound or in the vicinity of the bombing targets 

(Kenney 2006).  Since 2006, no sightings of the species have been recorded by NOAA within Pamlico Sound 

(NOAA 2019). No suitable North Atlantic right whale habitat exists in the shallow Pamlico Sound, including the 

vicinity of the BTs; therefore, no further information regarding this species is included in this document. All 

other marine mammal species potentially occurring in the southwestern portion of Pamlico Sound are 

considered extralimital. 
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Figure 2-1: MCAS Cherry Point bombing targets Brant Island (BT-9) and Piney Island Bombing Range (BT-11). 
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3.1 Bottlenose Dolphin 

There are two morphotypes of bottlenose dolphins in the western North Atlantic Ocean: coastal and offshore.  

The coastal morphotype of bottlenose dolphin is continuously distributed along the Atlantic coast south of Long 

Island, New York, around the Florida peninsula, and along the Gulf of Mexico.  Based on differences in 

mitochondrial DNA haplotype frequencies, nearshore animals in the northern Gulf of Mexico and western North 

Atlantic represent separated stocks (Duffield and Wells 2002; Rosel et al. 2009).   

Scott et al. (1988) hypothesized that a single coastal migratory stock ranges seasonally from as far north as Long 

Island, to as far south as central Florida, citing stranding patterns during a high mortality event in 1987-1988 and 

observed density patterns.  However, spatial distribution data (Kenney 1990; Garrison et al. 2017a) and 

extensive analysis of genetic (Rosel et al. 2009), photo-identification (photo-ID) (Zolman 2002; Speakman et al. 

2006; Stolen et al. 2007; Mazzoil et al. 2008), and tag-telemetry (Garrison et al. 2017b) data demonstrate a 

complex mosaic of multiple coastal bottlenose dolphin stocks inhabiting coastal and estuarine waters of the 

Northern Atlantic. Two of these stocks, the Southern Migratory Coastal Stock (SMS) and Northern Migratory 

Costal Stock (NMS), make long-distance seasonal migrations in coastal waters, and have been observed in 

Pamlico Sound, NC. 

In addition to these two migratory stocks, which are primarily found in coastal waters, two stocks of the coastal 

morphotype of bottlenose dolphins inhabit inshore estuarine waters of the Atlantic (Wells et al. 1987; Wells et 

al. 1996; Weller 1998; Scott et al. 1990; Gubbins 2002; Zollman 2002; Mazzoil et al. 2005; Speakman et al. 2006; 

Litz 2007; Stolen et al. 2007; Mazzoil et al. 2008).  There are multiple lines of evidence supporting demographic 

separation of bottlenose dolphins residing within estuaries along the Atlantic coast.  A few published studies 

demonstrate that these resident animals are genetically distinct from animals in nearby coastal waters (Cortese 

2000; Caldwell 2001; Rosel et al. 2009).  Despite evidence for genetic differentiation between estuarine and 

nearshore populations, the degree of spatial overlap between these populations remains unclear.  Photo-ID 

studies within estuaries demonstrate seasonal immigration and emigration, and the presence of transient 

animals (e.g., Speakman et al. 2006; Urian et. al. 2013).  In addition, the degree of movement of resident 

estuarine animals into coastal waters on seasonal, or shorter, time scales is poorly understood.  Yet for the 

purposes of the 2017 U.S. Atlantic and Gulf of Mexico Marine Mammal Stock Assessments, the NMFS considered 

bottlenose dolphins inhabiting primarily estuarine habitats distinct from those inhabiting coastal habitats (Hayes 

et. al. 2018).  Two estuarine stocks occur in Pamlico Sound, NC: the Northern North Carolina Estuarine System 

(NNCES) stock and the Southern North Carolina Estuarine System (SNCES) stock. 

Though there are no available density estimates for each specific stock, abundance estimates from NOAA 

provided population sizes for the four stocks in consideration. The NMS and SMS stocks have data available from 

2017 while the most recent surveys for the NNCES and SNCES are from 2013 and 2006, respectively (Hayes et 

al., 2018). The abundance estimates for each stock in coastal and estuarine waters of Pamlico Sound/Atlantic 

Ocean were used in the modeling analyses are outlined in Table 3-1.  

These abundance numbers do not reflect the abundance within Pamlico Sound. They were only used to 

calculate the percentages used to generate the stock breakout of the bottlenose dolphin distributions within 

Pamlico Sound.  Density was assumed uniform across the sound. Stock proportions were applied to the overall 

bottlenose dolphin distributions, based on 0.183 animals per square kilometer (Read et al., 2003), by using the 

percentage of a stock’s abundance in relation to the cumulative population of all four stocks. 
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Table 3-1: Abundance estimates and minimum population estimates for stocks of common bottlenose dolphin 

that may occur in the activity area of BT-9 and BT-11. 

Stock Abundance Estimate (number of individuals) 

NMS 6,639 

SMS 3751 

NNCES 823 

SNCES 188 

Total 11,401 
 

Breakouts occurred on a monthly basis and an entire stock’s proportion was reduced to zero if the NOAA stock 

assessment clearly indicated an absence from Pamlico Sound in that month. For any month where a stock(s) was 

absent, the remaining present stock’s proportions were adjusted accordingly. The monthly proportions are 

outlined in Table 3-2 (Hulton et al., 2019).  

Table 3-2: Monthly Stock Breakout Percentages for Bottlenose Dolphin 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
NMS 88.97% 88.97% 88.97% 59.21% 59.21% 59.23% 0.00% 0.00% 58.23% 58.23% 59.21% 59.21% 

SMS 0.00% 0.00% 0.00% 33.45% 33.45% 32.90% 78.77% 78.77% 32.90% 32.90% 33.45% 33.45% 

NNCES 11.03% 11.03% 11.03% 7.34% 7.34% 7.22% 17.28% 17.28% 7.22% 7.22% 7.34% 7.34% 

SNCES 0.00% 0.00% 0.00% 0.00% 0.00% 1.65% 3.95% 3.95% 1.65% 1.65% 0.00% 0.00% 

 
Updated species distributions were created based on these percentages and modeled for impulsive effects from 

the proposed trainings within Pamlico Sound. Results are provided for individual stocks instead of the species as 

a whole, though the combined effects from all four stocks do represent the overall bottlenose dolphin effects 

(Hulton et al., 2019). 

3.2 West Indian Manatee 

Florida manatees (Trichechus manatus latirostris), a subspecies of the West Indian manatee (Trichechus 

manatus), is listed as endangered under the U.S. Endangered Species Act (ESA), and are protected under the 

Marine Mammal Protection Act (MMPA), Section 3(6)(A). Although the year-round habitat is typically restricted 

to peninsular Florida due to warm winter temperatures with warm-water refugia (Reynolds & Wilcox, 1994), 

they have been documented to range north of Florida into the U.S. mid-Atlantic including North Carolina, during 

warmer summer and fall months. The more northern occurrences may be due to an alteration in regional 

weather patterns resulting from global climate change, range expansion and/or increases in population size, or 

improved agency coordination resulting in greater reporting efforts (Cummings et al. 2014). 

A study from 1991 to 2012 indicates that Florida manatee sightings in North Carolina were most common in the 

Intracoastal Waterways (27%), from June to October when water temperatures were greater than 20° C 

(Cummings et al. 2014).  During this time period, there were 99 sightings (of which 9 were strandings) 

documented in North Carolina.  Most of these sightings were recorded from the barrier beaches, east of the 

Albemarle and Pamlico Sounds (Outer Banks).  Only 7 sightings over the 21-year documented period were 

reported near the Neuse River and Pamlico River regions of Pamlico Sound (Cummings et al. 2014).   
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4. Status, Distribution, and Seasonal Distribution of Affected Species or Stocks of 

Marine Mammals Likely to be Found in the Activity Area 
The only Odontocete species that actively resides in Pamlico Sound is the bottlenose dolphin.  An annual density 

of 0.183 bottlenose dolphins per square kilometer was used for the Pamlico Sound modeling analyses. This 

number is derived from Abundance of Bottlenose Dolphins in the Bays, Sounds, and Estuaries of North Carolina 

(Read et al., 2003) and corresponds to the value used in the USMC’s request for 2014-2019 authorization. 

Though the aerial survey study from Goodman et al. (2007) reports a higher density value for some seasons, the 

data from Read et al. (2003) was used because it utilizes a mark-recapture photographic survey, more 

conservative and applicable than an aerial survey. This rationale also falls in line with the USMC’s most recent 

request (2014-2019) for authorization.  

There are four stocks of bottlenose dolphin present within Pamlico Sound: northern migratory stock (NMS), 

southern migratory stock (SMS), northern North Carolina estuarine system stock (NNCES), and southern North 

Carolina estuarine system stock (SNCES).  Though there are no available density estimates for each specific 

stock, abundance approximations from NOAA provided population sizes for the four stocks in consideration.  

The NMS and SMS stocks have data available from 2017 while the most recent surveys for the NNCES and SNCES 

are from 2013 and 2006, respectively (Hayes et al., 2018).  

4.1 Spatial Distribution 

4.1.1 Bottlenose Dolphin 

4.1.1.1 Northern Migratory Coastal Stock (NMS) 

This stock is not listed as threatened or endangered under the Endangered Species Act (ESA; 16 U.S.C. 1531 et 

seq.); however, it is categorized as depleted (and thus strategic) under the Marine Mammal Protection Act 

(MMPA).  The best available abundance estimate for the NMC stock is 6,639 animals (Hayes et al., 2018). 

However, there is insufficient data to determine the population trends for this stock. 

During warm water months (July and August), this stock occupies coastal waters from the shoreline to 

approximately the 20-m isobaths between Assateague, VA and Long Island, NY (Hayes et. al. 2018). This stock 

migrates south in late summer through the fall, and spends winter months (January and February), within 

coastal waters of North Carolina from the shoreline to the 200-m isobath between Cape Lookout, NC and the 

North Carolina/Virginia border (Hayes et. al. 2018). 

During the spring and fall migratory periods, this stock may overlap to some degree with the SMS stock in 

northern North Carolina coastal waters. During winter months, the SMS stock spatially overlaps with the NNCES 

stock between Cape Hatteras and Cape Lookout, NC, and the SNCES stock in nearshore coastal waters south of 

Cape Hatteras. Due to the overlap of this stock with other stocks throughout its migration, the most reliable 

abundance estimates have been derived from surveys during summer months when the stock has the least 

potential overlap with other stocks. 

4.1.1.2 Southern Migratory Coastal Stock (SMS) 

This stock is not listed as threatened or endangered under the ESA; however, it is categorized as depleted (and 

thus strategic) under the MMPA. The best available abundance estimate for the SMS stock is 3,751 animals 

(Hayes et al., 2018). However, there is insufficient data to determine the population trends for this stock. 
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Of the coastal stocks, the migratory movements and spatial distribution of the SMS stock are most poorly 

understood, but is believed to migrate seasonally between North Carolina and northern Florida coastal waters, 

based on satellite tag-telemetry data. Between October and December, this stock occupies waters of southern 

North Carolina (South of Cape Lookout) where it overlaps spatially with the SNCES stock in coastal waters up to 

1m from shore. Between January and March, the SMS stock moves as far south as northern Florida where it 

overlaps spatially with the South Carolina/Georgia and Northern Florida Coastal stocks.  In spring (April–June), 

the SMS stock moves north to waters of North Carolina where it overlaps with the SNCES stock and the NNCES 

stock.  In summer months (July and August), the SMS stock likely overlaps with the NNCES stock when it 

occupies coastal waters north of Cape Lookout, NC, to Assateague, VA.  As the northern boundary for the SMC 

stock is not well-established and may in fact vary inter-annually, and this group potentially overlaps with the 

NNCES stock, there is a level of uncertainty in the abundance assessment.  

4.1.1.3 Northern North Carolina Estuarine System (NNCES) Stock 

This stock is not listed as threatened or endangered under the ESA; however, it is categorized as strategic (but 

not depleted) under the MMPA. The best available abundance estimate for the NNCES stock is 823 animals 

(Hayes et al., 2018). However, there is insufficient data to determine the population trends for this stock. 

Based on photo-identification studies, the NNCES stock of bottlenose dolphins occurs in the estuarine waters of 

Pamlico Sound (Waring et al., 2014). The ranging patterns of bottlenose dolphins in those studies support the 

presence of a group of dolphins within these waters that are distinct from both dolphins occupying estuarine 

and coastal waters in southern North Carolina and animals in the NMC and SMC stocks that occupy coastal 

waters of North Carolina at certain times of the year (Read et al., 2003; NMFS, 2001; NMFS, unpublished data). 

During summer and fall months (July–October), the NNCES stock occupies waters of Pamlico Sound and 

nearshore coastal (less than 1 km (3,280 ft) from shore) and estuarine waters of central and northern North 

Carolina to Virginia Beach and the lower Chesapeake Bay (Waring et al., 2014). It likely overlaps with animals 

from the SMC stock in coastal waters during these months. During late fall and winter (November–March), the 

NNCES stock moves out of estuarine waters and occupies nearshore coastal waters between the New River and 

Cape Hatteras (Hayes et al., 2018). It overlaps with the NMC stock during this period, particularly between Cape 

Lookout and Cape Hatteras. It appears that the region near Cape Lookout including Bogue Sound and Core 

Sound is an area of overlap with the Southern North Carolina Estuarine System stock during late summer (Hayes 

et al., 2018).  

4.1.1.4 Southern North Carolina Estuarine System (SNCES) Stock 

This stock is not listed as threatened or endangered under the ESA; however, it is categorized as strategic (but 

not depleted) under the MMPA. The best available abundance estimate for the SNCES stock is 188 animals 

(Hayes et al., 2018). However, there is insufficient data to determine the population trends for this stock. 

The SNCES stock is defined as animals occupying estuarine and nearshore coastal waters between the Little 

River Inlet estuary near the North Carolina/South Carolina border and the mouth of the New River during 

January and February. The northern limit of this stock’s range is believed to reach no further than the estuarine 

and nearshore waters of southern Pamlico Sound during warm water months, and individuals within this stock 

have not been observed in the main portion of Pamlico Sound.  

The stock likely overlaps with the NNCES stock in the northern portion of its range during July and August in 

estuarine waters of southern Pamlico Sound to Beaufort, NC. As the SMC stock utilizes nearshore coastal waters 
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in southern North Carolina during spring and fall migrations, this migratory stock overlaps with the SNCES during 

this period (Hayes et al. 2018). 

4.1.2 West Indian Manatee 

West Indian manatees occur in the warm, subtropical and tropical waters of the western North Atlantic Ocean, 

from the southeastern United States to Central America and the West Indies (Lefebvre et al. 2001). West Indian 

manatees occur along both the Atlantic and Gulf coasts of Florida, and are sometimes reported in the Florida 

Keys (Moore 1951a, 1951b; Beck 2006). Based on telemetry, aerial surveys, photo-ID records, and other studies, 

manatee distribution in the southeastern United States is well known (Marine Mammal Commission 1984, 1986; 

Beeler and O’Shea 1988; O’Shea 1988; Lefebvre et al. 2001). In general, the data show that manatees exhibit 

opportunistic and predictable patterns in their distribution and movement. They are able to undertake extensive 

north-south migrations with seasonal distribution determined by water temperature. 

Surface water temperatures for Pamlico Sound vary seasonally with the average lowest temperatures (15-17 

degrees Celsius [°C] or 59-62.6 degrees Fahrenheit [°F]) found in winter and the highest (25-27 °C [78.8-80.6°F]) 

occurring in summer (DoN 2003). Some research has suggested that average monthly temperature in Pamlico 

Sound has been increasing over the last decade; analysis of summer (June-September) water temperature in 

Pamlico Sound showed temperature increases between 0.03˚C and 0.08˚C/year (Bangley et. al. 2018). When 

ambient water temperatures drop below 20°C (68°F) in autumn and winter, manatees aggregate within the 

confines of natural and artificial warm-water refuges (Lefebvre et al. 2001) or move to the southern tip of 

Florida (Snow 1991). The northernmost natural warm-water refuge used regularly is at Crystal River on the west 

coast and at Blue Springs in the St. Johns River on the east coast. Most manatees return to the same warm-

water refuges each year; however, some use different refuges in different years and other use two or more 

refuges in the same winter (Reid and Rathbun 1984, 1986; Rathbun et al. 1990; Reid et al. 1991; Reid et al. 

1995). 

As water temperatures rise, manatees disperse from winter aggregation areas. While some remain near their 

winter refuges, others undertake extensive travels along the coast and far up rivers and canals (USFWS 2001b). 

On the east coast, summer sightings drop off rapidly north of Georgia (Lefebvre et al. 2001) and are rare north 

of Cape Hatteras (Rathbun et al. 1982; Schwartz 1995); the northernmost sighting is from Rhode Island (Reid 

1996). The first recorded sightings of manatees in North Carolina waters occurred in 1919 and have been 

intermittently observed there since (Schwartz 1995). Most reported sightings in the inshore waters of North 

Carolina occur during the summer months, but sightings have been reported from June through October (DoN 

2003; North Carolina Natural Heritage Program 2010). Manatees have not been observed in the vicinity of the 

BTs in Pamlico County, NC, in the past 20 years, but they are known to occur in the waters of Carteret County, 

NC (North Carolina Natural Heritage Program 2010). On 13 August 2002, the BT-11 range operators sighted a 

manatee in the canal directly adjacent to the range complex. 

During summer, manatees may be found where water depths and access channels are greater than 1 to 2 m 

(3.3.-6.6 ft) (O’Shea 1988). Manatees can also be found in very shallow water. Hartman (1979) observed 

manatees utilizing waters as shallow as 0.4 m with their backs out of the water. In warm seasons they usually 

occur alone or in pairs, although interacting groups of five to ten animals are not unusual. 

Shallow grass beds with ready access to deep channels are preferred feeding areas in coastal and riverine 

habitats. Manatees often use secluded canals, creeks, embayments, and lagoons, particularly near the mouths 
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of coastal rivers and sloughs, for feeding, resting, cavorting, mating and calving (Marine Mammal Commission 

1986, 1988). In estuarine and brackish areas, natural and artificial freshwater sources are sought by manatees. 

As in winter, manatees often use the same summer habitats year after year (Reid et al. 1991; Koelsch 1997). 

Manatees are herbivores that opportunistically feed on a wide variety of submerged, floating, and emergent 

vegetation. Because of their broad distribution and migratory patterns, Florida manatees utilize a wider diversity 

of food items and are possibly less specialized in their feeding strategies than manatees in tropical regions 

(Lefebvre et al. 2000). Seagrasses appear to be a staple of the manatee diet in coastal areas (Ledder 1986; 

Lefebvre et al. 2000; Provancha and Hall 1991; Kadel and Patton 1992; Koelsch 1997). Manatees have a 

preference for manatee grass (Syringodium filiforme) and shoalgrass (Halodule wrightii) over the macroalgae 

Caulerpa spp.; however, along the Florida-Georgia border, manatees feed in salt marshes on smooth cordgrass 

(Spartina alterniflora) (Baugh et al. 1989; Provancha and Hall 1991; Zoodsma 1991). 

West Indian manatees are classified as threatened under the ESA and afforded additional protection under the 

MMPA. A species may be considered threatened if it is likely to become an endangered species within the 

foreseeable future throughout all or a significant portion of its range. The U.S. Fish and Wildlife Service (USFWS) 

developed the initial recovery plan for the West Indian manatee in 1980. That plan focused primarily on 

manatees in Florida, but included Antillean manatees in Puerto Rico and the U.S. Virgin Islands (USFWS 2001a). 

In 1986, the USFWS adopted a separate recovery plan for manatees in Puerto Rico, and in 1989 they revised the 

original plan to focus specifically on Florida manatees (USFWS 2001a). The current plan was last updated in 

2001. 

The 2001 recovery plan divided Florida’s West Indian manatee population into four relatively discrete 

management units, or subpopulations. These subpopulations each represent a significant portion of the species’ 

range (USFWS 2001b). Manatees found along the U.S. Atlantic coast are of the Atlantic subpopulation (USFWS 

2001b). The other three subpopulations in Florida are the Upper St. Johns River, Northwest, and Southwest. 

4.1.3 Density Estimates at the MCAS Cherry Point Range Complex 

Aerial surveys conducted specifically for dolphins and turtles were flown in Pamlico and Core sounds from July 

2004 to April 2006 (Goodman et al. 2007).  From these surveys, Goodman et al. (2007) created density estimates 

for bottlenose dolphins in the western portion of Pamlico Sound (including the MCAS Cherry Point Range 

Complex) ranging from 0.0272/km2 (0.0105/mi2) in winter to 0.2158/km2 (0.0833/mi2) in autumn.  Researchers 

noted animal counts from aerial surveys would likely be lower than counts from boat-based surveys because 

during aerial surveys there is a shorter amount of time for observers to make sightings, which would likely result 

in underestimated densities (Goodman et al. 2007).  Accordingly, Goodman et al. incorporated correction 

factors for both animals residing at the surface but not sighted during the aerial survey and animals below the 

surface that were not sighted. 

A “mark-and-sight” survey was conducted in the estuaries, bays and sounds of North Carolina by Read et al. 

(2003a) in summer 2000, which yielded a density of 0.183/km2 (0.071/mi2) (based on an estimate of 919 

dolphins for the northern inshore waters divided by an estimated 5,015 km2 [1,936 mi2] survey area) for 

dolphins in North Carolina’s inland waters.  Although this density estimate is slightly lower than the highest 

density estimate from Goodman et al. (2007), it is likely more precise and incorporates less bias than estimates 

derived from aerial surveys and is therefore a more conservative and applicable estimate.  Although the surveys 

by Read et al. were only conducted in the summer, there is a resident population in Pamlico Sound that does not 
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likely leave the area; therefore, this density estimate can be applied year-round to the entire MCAS Cherry Point 

Range Complex. Use of this density estimate is consistent with the USMC’s previous LOA and IHA applications. 

As the population structure of stocks in the coastal waters of North Carolina was refined since the Read et. al. 

survey in 2000, a second survey was conducted in 2006 which included nearshore waters in addition to the 

estuarine waters surveyed in 2000 (Urian et. al. 2013). Both surveys show that group sizes of dolphins in the 

NNCES range (which includes the MCAS Cherry Point Range Complex) were significantly larger than groups in the 

SNCES range (which is largely south of the MCAS Cherry Point Range Complex). While the total estimated 

bottlenose dolphin abundance within the estuaries and coastal waters up to 1km from shore in July 2006 was 

1,138, 813 of these individuals were estimated to inhabit the sounds and estuaries of North Carolina. The 

abundance estimates were not statistically different between the 2000 and 2006 surveys, indicating that the 

abundance in the area remained relatively stable between surveys. 

Because the surveys by Read et al. and Urian et al. were conducted in July, the density estimates derived from 

Read et. al. is likely a conservative overestimate of winter density for the species. While there is a resident 

population in Pamlico Sound that remains in Pamlico Sound in the winter, many individuals move into coastal 

waters up to 3 km from shore during these colder water months (Hayes et. al. 2018). Therefore, application of 

this density estimate year-round to the entire MCAS Cherry Point Range Complex may slightly overestimate the 

density in winter months. 

Because the West Indian manatee occurs so rarely in North Carolina waters, no density estimate can be derived 

for this species in Pamlico Sound. 

5. Take Authorization Requested 
7-Year Regulations and Letter of Authorization (LOA) is requested for the harassment of marine mammals 

pursuant to § 101 (a)(5)(A-D) of the Marine Mammal Protection Act, as amended (16 U.S.C. 1317(a)(5)). The 

request is for the period 2021-2028. The term harassment, as defined in §3 (18)(A) (16 U.S.C. 1362) of the 

MMPA, includes both Level A harassment (potential injury) and Level B harassment (potential disturbance). 

The National Defense Authorization Act of Fiscal Year 2004 (Public Law 108-136) amended the definition of 

harassment as applied to military readiness activities or scientific research activities conducted by or on behalf 

of the federal government, consistent with § 104(c)(3) [16 U.S.C. § 1374 (c)(3)].  In the case of a military 

readiness activity1, such as the activities described in this request, the term harassment means: 

(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]. 

                                                             
1
 The Fiscal Year 2004 National Defense Authorization Act adopted the definition of military readiness activity as set forth in Fiscal 

Year 2003 National Defense Authorization Act (Public Law 107-314).  Public Law 107-314 §315(f) defined the term military 
readiness activity to include all training and operations 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 of use. 
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Actions involving sound in the water include the potential to harass marine animals in the surrounding waters.  

The NMFS identifies the following activities as those with the greatest potential to harass marine mammals by 

noise: seismic air guns, ship and aircraft noise, high energy sonar, and explosive detonations. 

Modeling results (Appendix A) from explosive ordnance use at Brant Island (BT-9) predict MMPA-Level A 

exposure for up to 2 common bottlenose dolphins and MMPA – Level B exposure for up to 102 bottlenose 

dolphins.  Modeling results also estimate risk of Level A Harassment in the form of mortality (or serious injury 

leading to mortality) at less than 1 dolphin, annually. Modeling results for direct strike by ordnance at BT-9 and 

BT-11 predict a risk of mortality less than 0.5 common bottlenose dolphins.  There are no predicted harassment 

exposures for small boat maneuvers within the MCAS Cherry Point Range Complex.  A summary of model results 

is displayed in Table 5-1.  These estimates do not take into account the mitigation measures in Section 11.  Given 

the implementation of those measures, the actual exposures would likely be lower than the anticipated amount. 

Table 5-1: Predicted levels of potential annual and cumulative take resulting from military readiness activities at 

BT-9 and BT-11 in 2021-2028. 

Activity 
Level B 

(Behavioral + TTS) 
Level A 

Serious 
Injury 

Mortality 

 Annually 

Explosive Ordnance Deployment 102.077 1.804 0.131 0.013 

Direct Strike by Inert and Explosive 
Ordnance Deployment  

0 0 0 1 (.50) 

Small Boat Maneuvers 0 0 0 0 

 Cumulatively 

Explosive Ordnance Deployment 714.548 12.627 0.915 .094 

Direct Strike by Inert and Explosive 
Ordnance Deployment  

0 0 0 7 

Small Boat Maneuvers 0 0 0 0 

6. Impacts of Activities on Marine Mammals 

6.1 Marine Mammal Criteria and Thresholds 

6.1.1 Development of Criteria for Impact 

For explosions of ordnance planned for use at the MCAS Cherry Point Range Complex, 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.  Analysis of noise impacts was originally based 

on criteria and thresholds initially presented in Final Environmental Impact Statements (FEISs) for ship shock 

trials of the Seawolf submarine and the Winston S. Churchill (DDG 81), that had been subsequently adopted by 

the NMFS (DoN 1998, 2001; NOAA 1998).  However, at NMFS’ recommendation, the Marine Corps has updated 

the thresholds used for onset of temporary threshold shift  (TTS; Level B Harassment) and onset of permanent 

threshold shift (PTS; Level A Harassment) to be consistent with the thresholds outlined in the Navy’s report 

titled, “Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase III)”.  The report is 

available on the internet at:   
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https://www.nwtteis.com/portals/nwtteis/files/technical_reports/Criteria_and_Thresholds_for_U.S._Navy_Aco

ustic_and_Explosive_Effects_Analysis_June2017.pdf.   

NMFS believes that these thresholds represent the best available science and have summarily released a Draft 

Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammals based upon these thresholds.  

At current and proposed military operation levels, the new thresholds increased the level of predicted take 

beyond that which NMFS would permit under an Incidental Harassment Authorization. 

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-percent 

rate of TM rupture, which can be stated in terms of an energy flux density (EFD) value of 205 dB re 1 µPa2-s.  TM 

rupture is well-correlated with permanent hearing impairment.  Ketten (1998) indicates a 30-percent 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” impulse pressure.  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” impulse pressure thresholds vary from the shallow depth starting point as a function 

of depth. 

The shallow depth starting points for calculation of the “modified” impulse pressures 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 

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 psi-ms, 

found to cause slight and extensive injury in a dolphin calf, were used as thresholds in the analysis contained in 

this document. 

Level B (non-injurious) harassment includes temporary (auditory) threshold shift (TTS), a slight, recoverable loss 

of hearing sensitivity. One criterion used for TTS, the total energy flux density of the signal, is a threshold of 177 

dB re 1 µPa2-s maximum EFD level in any 1/3-octave (OTO) band above 100 Hertz (Hz) for toothed whales (e.g., 

dolphins).  A second criterion, a maximum allowable peak pressure of 23 psi, has recently been established by 

the 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 not.  The NMFS applies the more 

conservative of these two. 

For multiple successive explosions, the acoustic criterion for non-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 non-TTS threshold is derived following the approach of the Churchill 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 

https://www.nwtteis.com/portals/nwtteis/files/technical_reports/Criteria_and_Thresholds_for_U.S._Navy_Acoustic_and_Explosive_Effects_Analysis_June2017.pdf
https://www.nwtteis.com/portals/nwtteis/files/technical_reports/Criteria_and_Thresholds_for_U.S._Navy_Acoustic_and_Explosive_Effects_Analysis_June2017.pdf
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decibels (dB) to account for the time constant of the mammal ear, and (c) measuring the energy in OTO bands, 

the natural filter band of the ear. The resulting TTS threshold for explosives is 182 dB re 1 μPa2-s in any OTO 

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 non-TTS threshold is therefore 

derived by subtracting 5 dB from the 182 dB re 1 μPa2-s in any OTO band threshold, resulting in a 177 dB re 1 

μPa2-s (SEL) non-TTS behavioral disturbance threshold for multiple explosions. 

The Navy’s Phase III marine mammal criteria and threshold (Department of the Navy 2017) data was utilized for 

this analysis. The criteria provide specific threshold levels for acoustic and impulsive sources that can be used to 

determine potential auditory effects (Permanent Threshold Shift [PTS]/Temporary Threshold Shift [TTS]), 

behavioral responses to underwater anthropogenic sound, and non-auditory physiological impacts.  

All received impulse, Sound Exposure Level (SEL) and Sound Pressure Level (SPL), are recorded for each mammal 

or turtle in the defined area that received an SPL level of at least 100 dB. These values are then compared 

against all thresholds defined in Table 6-1 to calculate exposure numbers.  

Table 6-1: Explosive threshold levels. 

Group Species 
Behavioral 

Criteria 

Physiological Criteria 

Onset TTS Onset PTS 
Onset GI 

Tract Injury 
(WPL) 50% 

Low-Frequency 
Cetacean 

All mysticetes 163 dB SEL 
168 dB SEL  
213 dB SPL 

183 dB SEL 
 219 dB SPL 

243 dB re  
1μPa peak 

Mid-Frequency 
Cetaceans 

Most delphinids, beaked 
whales, medium and large 
toothed whales 

165 dB SEL 
170 dB SEL  
224 dB SPL 

185 dB SEL  
230 dB SPL 

243 dB re 
 1μPa peak 

High-Frequency 
Cetaceans 

Porpoises, River dolphins, 
Cephalorynchus spp, Kogia 

135 dB SEL 
140 dB SEL  
196 dB SPL 

155 dB SEL  
202 dB SPL 

243 dB re 
 1μPa peak 

Otariidae/Odobenidae 
(in water) 

California sea lion, Guadalupe 
fur seal, Northern fur seal 

183 dB SEL 
188 dB SEL  
226 dB SPL 

203 dB SEL  
232 dB SPL 

243 dB re 
 1μPa peak 

Phocinae (in water) Harbor Seal 165 dB SEL 
170 dB SEL  
212 dB SPL 

185 dB SEL  
218 dB SPL 

243 dB re 
 1μPa peak 

Monochinae (in water) Northern elephant seal 165 dB SEL 
170 dB SEL  
212 dB SPL 

185 dB SEL  
218 dB SPL 

243 dB re 
 1μPa peak 

Turtles All Turtles 175 dB RMS 
189 dB SEL  
226 dB SPL 

204 dB SEL  
232 dB SPL 

243 dB re 
 1μPa peak 

 
Mortality and slight lung injury thresholds are calculated using the mass and depth of the mammal. An adult 

mass and a calf mass are defined for each species based on data from Criteria and Thresholds for U.S. Navy 

Acoustic and Explosive Impacts to Marine Mammals and Sea Turtles (2017). Mortality (50% risk of extensive 

lung injury):  

Mortality Impulse Threshold =144𝑀^1/3⁄(1+𝐷10.1)^1/6⁄𝑃a−s  

Injury (50% risk of slight lung injury):  

Slight Lung Injury Impulse Threshold = 65.8𝑀^1/3⁄(1+𝐷10.1)^1/6⁄𝑃a−s  

Where D is depth (meters) and M is mass (kg) (Hulton et al., 2019).  
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Level A harassment criteria and thresholds under the MMPA are appropriate to apply as harm criteria and 

thresholds under the ESA.  Analysis that predicts MMPA – Level A harassment will occur as a result of the 

proposed action would correspond to harm under the ESA.  Level B harassment criteria and thresholds under 

the MMPA are appropriate to apply as harassment criteria and thresholds under the ESA. 

Harm defined under ESA regulations is “…an act which actually kills or injures…” listed species (50 CFR 222.102).  

Harassment is an “intentional or negligent act or omission which creates the likelihood of injury to wildlife by 

annoying it to such an extent as to significantly disrupt normal behavioral patterns which include, but are not 

limited to, breeding, feeding, or sheltering” (50 CFR 17.3). 

6.1.2 Explosive Acoustic Sources 

6.1.2.1 Acoustic Characteristics of Explosives 

The acoustic sources employed at the MCAS Cherry Point BT-9 target area are categorized as broadband 

explosives.  Broadband explosives 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 over such a wide band.  Explosives are impulsive sources that produce a shock wave, which dictates 

additional pressure-related metrics (i.e., peak pressure and positive impulse).   

Explosives detonated underwater introduce loud, impulsive, broadband sounds into the marine environment.  

Three source parameters influence the effect of an explosive: the weight of the explosive material, the type of 

explosive material, and the detonation depth.  The net explosive weight accounts for the first two parameters.  

Net explosive weight (NEW) is a metric used to describe an explosive; the NEW is the weight of TNT required to 

produce an equivalent explosive power. 

The detonation depth of an explosive is particularly important due to a propagation effect known as surface-

image interference.  For acoustic 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). 

For the BT-9 in-water target, the following types of ordnance were modeled: Bomb (GBU, BDU, MK), 2.75-in 

Rocket HE, 5-in Rocket HE, G911 Grenades, 30 mm HE, and 40 mm HE. 

6.1.2.2 Modeling Approach 

Impulsive effects modeling was conducted using the Navy Acoustic Effects Model (NAEMO), the Navy’s standard 

model for collating, analyzing, and reporting potential effects of Navy at-sea training and testing activities on 

marine mammals and sea turtles. The scenario definition(s) describe the inputs to NAEMO, including 

acoustic/impulsive sources used, duration, and platform type, speed and depth for each activity. Locations and 

annual occurrences of each scenario are also recorded. 

Source characteristics are integrated with environmental data (bathymetry, sound speed, bottom 

characterization, and wind speed) to calculate the three-dimensional sound field for each source with either the 

Comprehensive Acoustic System Simulation/Gaussian Ray Bundle (CASS/GRAB) or the Navy’s Standard Parabolic 

Equation sound propagation codes. Marine species density information is then processed to develop a series of 

distribution files for each species present in the study area. Each distribution file varies the abundance and 
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placement of the animals based on uncertainty defined in the density and published group size. The scenario 

details, three-dimensional sound field data, and marine species distributions are then combined in NAEMO to 

build virtual three-dimensional representations of each event and environment. This information is then 

processed by NAEMO to determine the number of marine species exposed in each scenario. 

The NAEMO simulation process is run multiple times for each season to provide an average of potential effects 

on marine species. Each iteration reads in the species dive data and introduces variations to the marine species 

distributions in addition to the initial position and direction of each platform and ordnance within the 

designated area. Navy marine species impulsive effects criteria and thresholds are then applied in the NAEMO 

Post-Processor to quantify the number of marine mammals and sea turtle effects. Results from each iteration 

are averaged to provide the number of marine species effects for a given period. A complete description of the 

NAEMO model and modeling approach used for this analysis can be found in the Navy’s Phase III Quantitative 

Analysis Technical Report (Blackstock et al. 2017). 

All ordnance proposed for use in Pamlico Sound have been determined by USMC personnel to detonate at or 

near the surface, therefore all explosives are modeled as detonating at a 0.1-meter depth. The NEW for these 

sources are provided in Table 6-2. Included in this table are the peak OTO source level (SL) and the approximate 

frequency at which the peak occurs. 

Table 6-2: Source weights and peak source levels. 

Source Type 
NEW  

(lbs.) 

Peak OTO SL 
(dB) 

Center 
Frequency of 

Peak OTO (Hz) 

Bomb (GDU, BDU, MK) 100 237 635 

5-in Rocket 15.0 229 1008 

2.75-in Rocket 4.8 224 1270 

G911 Grenade 0.5 214 2540 

40 mm-HE(I) 0.1199 208 4032 

30 mm-HE(I) 0.1019 207 4032 

 
For sources that are detonated at shallow depths, it is frequently the case that the explosion may breech the 

surface with some of the acoustic energy escaping the water column. The source levels presented in the table 

above have not been adjusted for possible venting nor does the subsequent analysis attempt to take this into 

account. However, for the source weights and depths involved this is not a significant over-simplification (Hulton 

et al., 2019).Environmental Characterization 

6.1.3 Environmental Characterization 

6.1.3.1 Important Environmental Parameters for Estimating Animal Harassment 

The Ocean and Atmospheric Master Library (OAML) and Hybrid Coordinate Ocean Model (HYCOM) databases 

were utilized for the NAEMO analyses. The Naval Oceanographic Operations Command maintains the OAML and 

provides a baseline set of Navy standard core models, databases, and algorithms. OAML databases include 

bathymetric data, bottom sediment properties, and wind speed data required for conducting underwater sound 

propagation analyses. HYCOM is a hybrid coordinate ocean model run by the National Oceanic and Atmospheric 

Administration and provided the salinity and temperature data.  
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Data for four environmental characteristics (bathymetry, sound speed profile, sediment type, and wind speed) 

were obtained or derived for January (winter), April (spring), July (summer), and October (fall). Bathymetry data 

was obtained from the Digital Bathymetric Database Variable-Resolution. Salinity and temperature data from 

the HYCOM database were used to derive sound speed profiles. The wind speed was extracted from the Surface 

Marine Gridded Climatology database.  

The databases used for each environmental parameter are shown in Table 6-3. More detail of the 

environmental data used in the NAEMO model can be found in the Navy’s Phase III Quantitative Analysis 

Technical Report (Blackstock et al. 2017).  Table 6-3 contains the version of the databases used in the modeling 

for this report. 

Table 6-3: Navy standard databases used in modeling. 

Parameter Database Version 

Water Depth Digital Bathymetry Data Base Variable Resolution DBDBVR 6.0 (Level 0) 

Sound Speed Profile Hybrid Acoustic Coordinate Ocean Model (HYCOM) HYCOM 2.2 

Wind Speed  Surface Marine Gridded Climatology SMGC 2.0 

Geo-Acoustic 
Parameters 

Re-Packed Bottom Sediment Type Version 2.0 (includes 
High-Frequency Environmental Acoustics Version 1.0) 

BST 2.0 

Low-Frequency Bottom Loss Database LFBL 11.1* 

Re-packed Bottom Sediment Type HFBL 2.2* 
*Low-frequency and high frequency bottom loss databases are used to capture the variability of bottom sediment to absorb or reflect 

energy from high frequency and low frequency sound sources. 

 

Sound propagation is calculated at representative points throughout each modeling area using CASS/GRAB. 

During a simulation, each source in the scenario is randomly placed within the modeling area and within 0.5 nm 

of each other. It is assumed that sound propagation at each source follows the same propagation as the closest 

propagation point (Hulton et al., 2019). 

6.1.3.2 Description of the Brant Island (BT-9) Target Environment 

BT-9 is in an extremely shallow area with a relatively flat bottom of sandy sediment; there is seasonal variation.  

For modeling efforts, environmental values were extracted from the Navy standard databases in a radius of 9.3 

km (5.8 mi) around the center point (35°12’30”N, 76°26’40”W).   

The Navy standard database for bathymetry has a resolution of 0.05 minutes in Pamlico Sound.  Values for the 

bathymetry from the DBDBVR in the extracted area were found between approximately 1 m and 8 m.  A median 

depth of 5 m (rounded to the nearest meter) was used as the water depth in the modeling. 

The sound speed profile in the area of interest is almost constant because of mixing in the shallow water.  The 

Navy standard GDEM database provided a nearly-isospeed profile for the area.  Seasonal changes were captured 

by modeling the propagation with a winter (February) profile of about 1,502 meters per second (m/s) and a 

summer (August) profile of about 1538 m/s.  Although the sound speed is isovelocity with less than 1 m/s of 

change in the water column, the database profile of the top five meters was used, rather than a single number. 

In very shallow water, the bottom loss databases tend to revert to a generic sandy bottom.  The sources 

modeled in the BT-9 area generate peak OTO source levels near 1,000 Hz.  At that frequency, a sandy bottom 



23 
 

tends to be a relatively low-loss bottom.  (Note: This may lead to a somewhat conservative [or over-] estimate of 

the number of takes.) The seasonal variability in wind speed was modeled as 12.25 knots in the summer and 

13.61 knots in the winter. 

6.1.4 Modeling Impacts on Marine Mammals 

Many underwater actions include the potential to injure or harass marine animals in the neighboring waters 

through noise emissions.  The number of animals exposed to potential harassment in any such action is dictated 

by the propagation field and the characteristics of the noise source. 

In this analysis, estimating the number of animals that may be injured or otherwise harassed entailed the 

following steps: 

 For the relevant environmental acoustic parameters, transmission loss (TL) estimates were computed, 
sampling the water column over the appropriate depth and range intervals.  TL calculations were also 
made over non-overlapping, OTO bands for a wide range of frequencies. 

 The accumulated energy within the waters where the source is “operating” was sampled over a 
volumetric grid.  At each grid point, the received energy from each source emission was 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 was similarly modeled for each emission.  The maximum value of that 
metric, over all emissions, was stored at each grid point. 

 The impact volume for a given threshold was estimated by summing the incremental volumes 
represented by each grid point for which the appropriate metric exceeds that threshold. 

 Finally, the number of harassments was estimated as the vector product of the animal density depth 
profile and the impact volume, and scaled by user-specifiable surface animal densities. 

Appendix A describes in detail the process of computing impact volumes.  

6.1.5 Impacts from Explosive Ordnance 

Species 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 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. 

Impact volumes for all depth intervals are scaled by their respective depth densities, divided by their depth 

interval widths, summed over the entire water column, and finally converted to square kilometers to create 

impact areas.  Since the impact volume vector is the volume of water at or above a given threshold per unit 

operation (e.g., per detonation, or clusters of munitions explosions), the final harassment count for each animal 

is the unit operation harassment count multiplied by the number of units deployed. 

The detonations of explosive sources are generally widely spaced in time and/or space.  This implies that the 

impact volume for multiple firings can be easily 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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Model results predict annual explosive ordnance use at BT-9 at levels identified in Table 1-3 to produce 

exposure to sound levels that produce a non-injurious behavioral effect and TTS for up to 72 and 30 common 

bottlenose dolphin, respectively. The sum of these two effects results in a prediction of MMPA – Level B 

harassment for up to 102 dolphins. Predictions for MMPA – Level A harassment and mortality are less than two 

(2). NAEMO model results are displayed in Table 6-4 (Hulton et al., 2019). 

Table 6-4: Predicted levels of annual potential take resulting from use of explosive ordnance at BT-9 in 2021-

2028. 

Species 
Sum of 

Behavioral 
Sum of TTS Sum of PTS 

Sum of GI 
Tract Injury 

Sum of 
Slight Lung 

Injury 

Sum of 
Mortality 

(50% risk of 
extensive 

lung injury) 

Bottlenose 
dolphin NMS  

38.68 15.19  1.234  0.059  0.0091  0.0039  

Bottlenose 
dolphin NNCES  

6.738 3.703  0.063  0  0  0  

Bottlenose 
dolphin SMS  

25.856 10.394  0.45  0.071  0  0  

Bottlenose 
dolphin SNCES  

0.816 0.7  0.058  0  0  0  

Total  72.09 29.987  1.805  0.13  0.0091  0.0039  

6.1.6  Impacts from Inert Ordnance 

The potential threats to marine mammals from inert, or non-explosive, ordnance in the absence of conservation 

measures are noise and direct strike.  Estimates of noise fields generated in the water by the impact of non-

explosive ordnance indicate that the energy radiated is about 1 to 2 percent of the total kinetic energy of the 

impact.  This energy level (and likely the peak pressure levels) is well below the impact threshold, even at a 1-m 

distance from the impact location.  Therefore, the noise generated by the in-water impact of inert ordnance will 

not pose a risk to marine life. 

The potential risk of a direct hit to an animal in the target area is estimated to be so low it is discountable.  The 

MCAS Cherry Point Range Air Installation Compatible Use Zone study generated the surface area, or footprints, 

of weapon impact areas associated with air-to-ground ordnance delivery (USMC 2001b); statistically, a weapon 

safety footprint describes the area needed to contain 99.99 percent of initial and ricochet impacts at the 95 

percent confidence interval for each type of aircraft and the ordnance utilized at the BTs.  Therefore, at both BT-

9 and BT-11, the probability of deployed ordnance landing in the impact footprint is essentially 1.0.  At BT-11 

only 36 percent of the weapons footprint is over water, so the likelihood of a weapon striking an animal at that 

BT is 64 percent less.  Water depths in Rattan Bay (the in-water portion of BT-11) range from 0.5 m (1.6 ft) to 3 

m (10 ft), meaning that nearly the entire impact footprint in Rattan Bay is suitable for marine mammal use. 

The probability of hitting a bottlenose dolphin at the BTs can be derived by: 

Probability = (dolphin’s dorsal surface area) x (density of dolphins) 

Example: Probability for BT-9 = 1.425 x 10-6 km2 x 0.18325/km2 = 2.608 x 10-7 
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The estimate of the dorsal surface area of a bottlenose dolphin is assumed to be 1.425 square meter (m2) 

(average length 2.85 m and average both width 0.5 m).  Thus, using Read et al.’s (2003d) density estimates 

(0.183/km2), the probability of a dolphin being hit in the waters of BT-9 is 2.608 x 10-7 and of BT-11 is  

9.388 x 10-8.  Using the proposed levels of ordnance expenditures, excluding pyrotechnics, at each in-water BT 

(see Tables 1-3 and 1-4) and taking into account that only 36 percent of ordnance deployed at BT-11 is over 

water, the estimated potential number of ordnance strikes on a marine mammal per year is estimated as 

0.321827 at BT-9 and 0.182472 at BT-11 (Table 6-5).  Pyrotechnics are not included in these analyses, because 

these types of ordnance do not strike land/surface with any velocity.  The Marine Corps considered the utility of 

applying a more robust methodology for determining the probability of a direct strike (e.g. dynamic Monte-Carlo 

simulations), however these mathematical models would likely produce similar results and not add reasonable 

value to the analyses.   

Table 6-5: Estimated potential number of strikes on common bottlenose dolphin by inert ordnance fired at the 

bombing targets in 2020. 

Bombing Target Ordnance Levels* 
Probability of Striking a 

Dolphin/Ordnance 
Deployment 

Estimated Number of 
Ordnance Strikes per 

Year 

Brant Island (BT-9) 1,234,118 2.60775 x 10-7 0.321827 

Piney Island (BT-11) 1,943,698‡ 9.3879 x 10-8 0.182472 

*Excludes pyrotechnics. 
‡Calculations are based on 36% of this figure, accounting for the fact that only this percentage of ordnance is deployed 
over water at BT-11. 

6.2 Impacts from Small Boat Maneuvers 

The bottlenose dolphin is the most common marine mammal in the MCAS Cherry Point Range Complex.  Small 

boats operating at high speeds have the potential to strike a bottlenose dolphin, though Wells and Scott (1999) 

note that in the busy boating waters of Sarasota Bay, Florida, bottlenose dolphins suffer few injuries from boat 

traffic.  Still, boat and dolphin collisions can occur.  Wells and Scott (1999) have documented a few injuries and 

note that mothers with calves and unhealthy dolphins may be particularly susceptible to injury by boat as their 

movements are limited.  Wells and Scott (1999) also noted obvious propeller-caused injuries to dolphins in 

Sarasota Bay during times of high recreational usage and high speed powerboat races, though they did not 

correlate boat races or a particular boat speed with dolphin injury. 

Small military boats operating within the MCAS Cherry Point Range Complex water ranges may travel at speeds 

up to 74 km per hour (40 knots). It still remains that the bottlenose dolphin is less susceptible to serious injury 

from vessels because of its swimming speed and its ability to maneuver around moving vessels.  Based on the 

limited number of small boat maneuvers and low concentrations of common bottlenose dolphins, Level A 

harassment is unlikely to result from such activity. 

Beyond direct vessel strikes, the presence of boats can result in disturbance, causing dolphins to alter their 

swimming patterns and behaviors.  Impacts of such a disturbance are difficult to assess given the affinity this 

species has to bow-ride in front of moving vessels.  Some researchers have noted changes in behavior of 

bottlenose dolphins at a distance of 100 m (328 ft) from moving vessels.  These alterations include changes in 

direction, changes in breathing rate, and decreased spacing between dolphins traveling in the same group 
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(Lemon et al. 2006).  While the effects caused by the presence of small boat maneuvers cannot be directly 

assessed, there may be a short-term effect on dolphins at the location, but no adverse effect is expected.  

6.3 Indirect Impacts 

Explosive ordnance may have an impact not only on marine mammals but also on other species and the habitat 

at BT-9.  Physical effects associated with pressure waves generated by underwater detonations of explosives 

might affect fish species within the vicinity of BT-9.  In particular, the rapid oscillation between high- and low-

pressure peaks has the potential to burst the swim bladders and other gas-containing organs of fishes (Keevin 

and Hempen 1997).  Sub-lethal effects, such as changes in behavior, have been observed on several occasions as 

a result of noise produced by explosives (Wright 1982; National Resource Council 2003).  The abundances of 

various fish species and invertebrates near the detonation point could be altered for a few hours before 

repopulation occurs.  As a result, a short-term and localized effect on prey availability may be expected in the 

vicinity of BT-9, but no adverse effect is expected on the trophic regime or ecosystem at BT-9. 

The likelihood of any permanent ecosystem impact at BT-11 due to inert ordnance use is extremely unlikely.  

Effects on habitat are further discussed in Section 8.  

7. Impacts upon the Species or Stock 
Over the period of 2015-2020, as required by the current LOA, data were collected regarding the number of 

sorties completed, the number of ordnance and munitions delivered, and the number of dolphins observed. 

These data have been collected and submitted annually. A summary of those data are below.  Table 7-1 

provides the total number of sorties (events) by mission type for each bombing target.     

Table 7-1: Aircraft and boat sorties, by mission type, conducted in 2015-2020. 

Mission 
Type 

BT-9 BT-11 

2015 2016 2017 2018 2019 2020* 2015 2016 2017 2018 2019 2020* 

Air-to-
Surface 

734 957 707 672 774 38 2,481 2,563 2,351 2,206 2,589 438 

Surface-to-
Surface 

227 56 178 95 93 28 239 257 196 112 120 48 

*Through 12 March 2020 

 

The average annual amount of ordnance expended at BT-9 and BT-11 under the term of the exiting LOA are 

803,197 and 1,520,426, respectively (Table 7-2 and Table 7-3). The amount of ordnance expended at the 

bombing targets account for all use of the targets. During the period of the 2015-2020 LOA, no high explosive 

(HE) munitions were fired at BT-9. High explosive (HE) munitions are never permitted at BT-11. 

Figure 7-1 and Figure 7-2 document marine mammal observations made at each of the bombing targets during 

the LOA period. On fifty occasions (thus far), dolphins were observed by contracted range sweep aircraft along 

the pre-defined flight path of the range sweep. No marine mammals were observed during air-to-surface 

training activities (rotary-wing or fixed-wing aircraft), or by maintenance vessels. 
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Approximately 3.7% of the North Carolina Coastal Estuarine stock could be exposed to Level B (Behavioral and 

TTS) harassment. Based upon the limited amount of take predicted as a result of military training activities 

within the MCAS Cherry Point Range Complex, there is no reason to anticipate any long-term harmful impacts to 

the species as a whole or to any of the resident stocks. 

Table 7-2: Ordnance usage at BT-9 during LOA period 2015-2020. 

Munition Expenditures  2015 2016 2017 2018 2019 2020* 

Small Arms Rounds Excluding .50 cal  390,050 278,175  328,550  392,260  345,130 24,400 

.50 cal  528,077 413,360  396,500  365,100  361,700 28,000 

Large Arms Rounds -Live  994 1,334  3,136  3,840  2,748 0 

Large Arms Rounds -Inert  49,135 53,095  31,222  29,342  30,568 0 

Rockets -Live  0 0  0  0  16 0 

Rockets -Inert  49 1,365  252  24  77 100 

Bombs and Grenades -Live  0 0  0  0  0 0 

Bombs and Grenades -Inert  1,117 1,286  825  584  925 0 

Pyrotechnics  764 361  2272  900  771 46 

Annual Totals  970,186 748,636  762,757  792,470  741,935 52,546* 

Annual Average 803,196.8** 

*Through 12 March 2020 

**Excludes 2020 

Table 7-3: Ordnance usage at BT-11 during LOA period 2015-2020. 

Munition Expenditures  2015 2016 2017 2018 2019 2020* 

Small Arms Rounds Excluding 
.50 cal  

1,046,630  1,198,460  1,227,628  1,021,950  954,496 268,800 

.50 cal  14,5485  240,292  341,980  302,100  301,100 69,700 

Large Arms Rounds -Inert  120,448  122,050  158,437  147,100  187,263 31,290 

Rockets -Inert  4,021  7,785  9,049  7,285  8,112 1,018 

Bombs and Grenades -Inert  3,659  3,001  3,048  2,524  2,931 277 

Pyrotechnics  7,343  3,774  11,699  5,958  6,610 194 

Annual Totals  1,327,586  1,575,362  1,751,841  1,486,828  1,460,512 371,279* 

Annual Average 1,520,425.8** 

*Through 12 March 2020 

**Excludes 2020 

  



28 
 

Figure 7-1: Range sweep observations of marine mammals at Brant Island (BT-9) during the LOA reporting period 

(2015-2020).  
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Figure 7-2: Range sweep observations of marine mammals at Piney Island (BT-11) during the LOA reporting 

period (2015-2020). 
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8. Impacts on Subsistence Use 
None of the marine mammal species discussed in this document is sought for subsistence use in the United 

States.  Therefore, these activities would not effect on the availability of subsistence use species or stocks as 

identified in MMPA Section 101(a)(5)(A)(i). 

9. Impacts to Marine Mammal Habitat and Habitat Restoration 
Potential impacts to marine mammal habitat within the MCAS Cherry Point Range Complex have previously 

been evaluated during a Section 7 consultation with the NMFS (USMC 2001b) and were determined to be 

minimal (NMFS 2002).  Delivery of explosive and inert ordnance may involve a temporary disturbance to the 

substrate (sediments) and a subsequent increase in localized turbidity, as may the actions of target replacement 

or routine equipment/system maintenance.   

Natural fluctuations in turbidity are driven by rainfall, wind, tides, and season.  It is difficult to predict the 

amount of disturbance that would occur immediately after ordnance hits the substrate.  The amount of 

sediment disturbance will be influenced by whether or not the ordnance hits the target first before hitting the 

substrate, as well as the orientation of the ordnance (i.e., whether it lands upright or on its side) upon impact 

with the sediments (USMC 2001b).  The substrates at the bombing target sites are primarily soft sediments such 

as sand and mud, which should experience only minimal disturbance and quickly resettle.  Impacts to the 

substrate are considered temporary and negligible with no adverse or long-term effects anticipated.  Water 

quality studies of BT-9 and BT-11 compared samples taken directly following ordnance deployment with those 

taken from control sites, and found that turbidity levels at both sites were low and within North Carolina 

Division of Water Quality standards (Sirrine Environmental Consultants 1991).  Impacts to turbidity caused by 

ordnance deployment are not likely to disturb the feeding or transiting behavior of bottlenose dolphins in the 

vicinity of the bombing targets as the species does not depend up vision for either behavior, and as turbidity 

changes caused by deployment of ordnance is within the range of acceptable levels. 

Chemical by-products from use of explosive ordnance during training are considered to have negligible effects 

here, as they did during the shock trial of the Winston S. Churchill (DoN 2001).  Initial concentrations of the 

chemical by-products of ordnance detonations are not hazardous to marine life (DoN 2001).  Water quality 

parameters at BT-9 and BT-11 are all within the limits set by the North Carolina Water Quality Standards for 

Saltwater Classifications (for those parameters with standards) (Sirrine Environmental Consultants 1991).  

Neither elevated aluminum concentrations nor visual signs of chaff were detected in the water or sediment 

samples from the sampled areas (USMC 2001b). 

While debris associated with ordnance delivery occurs at the bombing targets (e.g., parachutes, strands of chaff, 

ordnance remains), no reports of ingestion of debris have been reported nor have any stranded animals been 

reported with such contents in their stomachs (MCAS Cherry Point 2009).  It is most likely that ordnance debris 

will sink to the bottom and become incorporated into the sediments, thus is not likely to be ingested by marine 

mammals. 

Target establishment and maintenance occurs infrequently (i.e., every five years).  MCAS Cherry Point personnel 

are required to ensure that new targets are free of environmental contaminants prior to placing them in the 

water for use.  Small boat operations or target replacement activities may also occasionally result in temporary 

and infrequent sediment disturbance, resulting in effects on sediments and turbidity similar to those caused by 

ordnance deployment. 
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10. Impact of Marine Mammal Habitat Loss and Modification 
As described in Section 9 above, habitat impacts on from military training and testing capabilities were not 

deemed significant for any species of wildlife that may occur within the MCAS Cherry Point Range Complex.  Any 

modification of habitat would be of short duration and would not impact the availability of habitat within 

Pamlico Sound or estuarine areas for bottlenose dolphins.   

11. Means of Effecting the Least Practicable Adverse Impact 

11.1 Mitigation Measures 

MCAS Cherry Point incorporates procedures into their operations which help to minimize, or mitigate, the 

potential adverse effects of activities at the Range Complex on marine mammals (USMC 2001b; NMFS 2002).  

Protective measures are, and will continue to be, implemented to ensure the least practicable adverse impacts 

to marine mammals, and in particular common bottlenose dolphins.  As discussed in Section 4, bottlenose 

dolphins in Pamlico Sound, to include the waters of the MCAS Cherry Point Range Complex, prefer habitats close 

to shore and have most often been sighted in waters with depths less than 2 m (6.6 ft) (Read et al. 2003a, 

2003b).  Therefore, most protective measures will be tailored to focus on areas where this species is known to 

commonly occur.  Adherence to protective measures listed below greatly diminishes the potential impacts on 

marine mammals: 

 Visual Surveys:  Range operators will conduct or direct visual surveys to monitor the target areas for 
unauthorized civilian vessels or persons and protected species pre- and post-exercise.  They will use 
either (1) real-time passive acoustic monitoring via sonobuoy or hydrophones; (2) active acoustic 
detection; or (3) remotely operated, high-resolution cameras with night vision capabilities to identify 
animals at the surface or breaking the surface.   

 Cold Pass:  Pilots will perform a visual check, known as a cold pass, of the target area where they will fly 
low over the target (no ordnance delivered).  The visual check serves to determine the presence or 
absence of unauthorized civilian vessels or persons and protected species.  No ordnance may be 
delivered during the cold pass.  The Range Controller may grant the aircrew a first hot pass (use of 
ordnance) after their visual check (see above) and the cold pass, as conditions warrant. 

 Aircraft Range Sweeps:  MCAS Cherry Point contracts range sweeps with commercial support aircraft 
each weekday morning prior to the commencement of the day’s range operations.  The pilot and 
aircrew are trained in spotting objects in the water.  The range sweep has two primary goals: (1) to 
ensure that the bombing target area is clear of unauthorized vessels or persons, and (2) visual inspection 
of the waters for protected species.  Sweeps are flown at 30.5 to 91.4 m (100-300 ft) above the surface 
at speeds of 60 to 100 knots.  The aircraft crews can communicate directly with range operators, 
allowing immediate notification if the target area is not clear. 

 Small Boat Visual Checks:  Operators of small boats will be knowledgeable of marine mammals, 
protected species, and visual clues related to the presence of marine mammals and protected species.  
All members of small boat crews shall be required to take the Marine Species Awareness Training 
maintained and promoted by the Department of the Navy. 

 Closing Targets:  Range operators will declare a target foul (i.e., close the target) if a protected species is 
either sighted within 3,000 ft of the bombing targets or sighted within Rattan Bay (BT-11).  Exercises 
may not recommence until the animal(s) has moved outside of the target area. 
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11.2 Additional Measures Considered 

Other mitigation alternatives considered during development of the protective measures but dismissed because 

of their negative impact to military readiness include:  

 Time or seasonal restrictions:  The MCAS Cherry Point Range Complex operates continuously and the 
common bottlenose dolphin population in Pamlico Sound is largely resident and the density is presumed 
constant throughout the year. Therefore, time and seasonal restrictions are of no benefit to the species, 
and are considered impracticable and unwarranted.  Such restrictions would severely compromise 
training flexibility, which is an important asset to the Marine Corps as squadrons regularly rotate 
between deployments and training.   

 Visual monitoring by boat or vessel:  Visual monitoring of the impact area by boat or vessel would not be 
possible due to concerns for personnel safety.  Persons or vessels are not permitted within danger zones 
or impact areas due to safety concerns. 

12. Impacts on Subsistence Use in the Arctic  
This section intentionally left blank as it is not applicable.   

13. Monitoring and Reporting 
As described in the previous section, the Marine Corps monitors the bombing targets for marine mammals when 

the MCAS Cherry Point Range Complex is operating.  Range operators keep records of all protected species 

sightings, to include data on the number of animals, their location, the weather, and other ancillary information.  

MCAS Cherry Point is implementing an online data registry for marine mammal sighting reporting that employs 

Microsoft SharePoint as its platform. Range Management officials will use the registry site to input data on 

marine mammal sightings to include (1) location (either an approximate location or latitude and longitude); (2) 

the platform that sighted the animal; (3) date and time; (4) species; (5) number of animals; (6) the animals’ 

direction of travel and/or behavior; and (7) weather.  Monthly, the Environmental Affairs Department will pull 

data from the registry to monitor sightings and for data quality control.  Data collected in this database will be 

included in the annual reporting to the National Marine Fisheries Service. 

Any observation of stranded or injured marine mammals in the vicinity of the MCAS Cherry Point Range 

Complex will be immediately reported to the NMFS Marine Mammal Stranding Network.  MCAS Cherry Point 

personnel are responsible for ensuring the MCAS Cherry Point Chain of Command and the Marine Corps 

Installation-East Command are notified of such observations. 

14. Research Efforts 
MCAS Cherry Point has made significant effort to improve the availability of data on the abundance and 

seasonal distribution of marine mammals in the vicinity of the MCAS Cherry Point Range Complex.  Specifically, 

MCAS Cherry Point has funded surveys performed by Duke University researchers and provided financial 

support to augment surveys conducted by the NMFS Southeast Fisheries Science Center.  Information and 

knowledge gained from the MCAS Cherry Point-funded research has contributed significantly to the 

understanding of bottlenose dolphin stocks, including their distribution and movement, in Pamlico Sound, NC. 
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The following are highlights of research on bottlenose dolphin that was wholly or partially funded by MCAS 

Cherry Point: 

 Duke University researchers performed boat-based sighting surveys that targeted common bottlenose 
dolphin from July 2002 to July 2003.  Their work also involved photo identification of the sighted 
dolphins, and compilation and cataloguing the IDs (Read et al. 2002, 2003b, 2003c, 2003d). 

 Researchers with Duke University conducted acoustic monitoring studies of common bottlenose dolphin 
at BT-9 and BT-11. Since August 2005, two pop-up hydrophone buoys have been deployed for use at BT-
9 and one has been deployed for use in Rattan Bay (BT-11) (Urian 2005a, 2005b). 

 NMFS Southeast Fisheries Science Center researchers have conducted aerial surveys within the R-5306A 
restricted airspace, which encompasses portions of Pamlico and Core sounds (Goodman et al. 2005a, 
2005b, 2005c, 2004).  Previously access to this airspace had been restricted.  Conducted over a 16-
month period, the aerial surveys were designed to document abundance and seasonal distribution of 
sea turtles and marine mammals.  The survey results were used to develop an index of abundance by 
season.  Additionally, the aerial surveys were used to train MCAS Cherry Point personnel to be marine 
mammal observers—a skill which is employed during pre- and post-exercise visual checks. 

MCAS Cherry Point has contracted Duke University to develop and test a real-time passive acoustic monitoring 

system that will allow automated detection of bottlenose dolphin whistles.  The work has been performed in 

two phases.  Phase II included the assembly and deployment of a real-time monitoring unit on one of the towers 

on the BT-9 range.  The knowledge base gain from this effort helped direct current monitoring initiatives and 

activities within the MCAS Cherry Point Range Complex. The current system layout includes a pair of 

autonomous monitoring units at BT-9 and a single unit in Rattan Bay, BT-11. The system is not currently 

functional due to storm related damage and communication link issues. It may be on-line during the course of 

the IHA period. In that case, the Passive Acoustic Monitoring system will serve as an additional mitigation 

measure to reduce impacts. 

As funding becomes available and research opportunities arise, MCAS Cherry Point will continue to fund and 

participate in studies that will enhance the Marine Corps’ understanding of marine mammals in Pamlico Sound. 
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1   INTRODUCTION 
The United States Marine Corps (USMC) contracted the Naval Undersea Warfare Center (NUWC) 
Division Newport Marine Species Modeling Team (MSMT) to conduct a collection of quantitative 
impulsive effects analyses required for a seven-year authorization request from 2021–2028 for exercises 
within the Marine Corps Air Station (MCAS) Cherry Point Range Complex. The purpose was to determine 
the level of behavioral disturbances and physiological effects for individual marine mammals and sea 
turtles resulting from a series of surface detonations taking place within Pamlico Sound. Surface 
detonations are expected as the result of testing and training activities occurring at two targets (Brandt 
Island (BT-9) and Piney Island (BT-11) Bombing Range) inside of Pamlico Sound that involves deployment 
of various types of ordnance within the range. There were individual evaluations for each ordnance 
deployment, taking into account the Net Explosive Weight (NEW), number of ordnance expended, and 
environmental parameters at the geographic location of the target. Summaries of the cumulative 
predicted exposures for each species from all activities occurring within one-year and seven-year 
periods are provided. 
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2   MODELING APPROACH 
Impulsive effects modeling was conducted using the Navy Acoustic Effects Model (NAEMO), the Navy’s 
standard model for collating, analyzing, and reporting potential effects of Navy at sea training and 
testing activities on marine mammals and sea turtles. The scenario definition(s) describe the inputs to 
NAEMO, including acoustic/impulsive sources used, duration, and platform type, speed and depth for 
each activity.  Locations and annual occurrences of each scenario are also recorded. 

Source characteristics are integrated with environmental data (bathymetry, sound speed, bottom 
characterization, and wind speed) to calculate the three-dimensional sound field for each source with 
either the Comprehensive Acoustic System Simulation/Gaussian Ray Bundle (CASS/GRAB) or the Navy’s 
Standard Parabolic Equation sound propagation codes. Marine species density information is then 
processed to develop a series of distribution files for each species present in the study area. Each 
distribution file varies the abundance and placement of the animals based on uncertainty defined in the 
density and published group size. The scenario details, three-dimensional sound field data, and marine 
species distributions are then combined in NAEMO to build virtual three-dimensional representations of 
each event and environment. This information is then processed by NAEMO to determine the number of 
marine species exposed in each scenario.  

The NAEMO simulation process is run multiple times for each season to provide an average of potential 
effects on marine species. Each iteration reads in the species dive data and introduces variations to the 
marine species distributions in addition to the initial position and direction of each platform and 
ordnance within the designated area.  Navy marine species impulsive effects criteria and thresholds are 
then applied in the NAEMO Post-Processor to quantify the number of marine mammals and sea turtle 
effects. Results from each iteration are averaged to provide the number of marine species effects for a 
given period. A complete description of the NAEMO model and modeling approach used for this analysis 
can be found in the Navy’s Phase III Quantitative Analysis Technical Report (Blackstock et al. 2017).   
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3   DATA INPUTS 
Individual scenarios for each of the sources identified in Table 4-1 were developed. A scenario will 
include multiple sorties that are likely to operate within the same day. These scenarios include the 
counts and clusters of ordnance deployed during the various activities that take place within Pamlico 
Sound on an annual basis. Counts refer to the numbers of ordnance deployed relatively far apart in time, 
typically more than a few minutes, while clusters describe ordnances deployed in quick succession, 
generally within a few minutes. For modeling purposes, counts are modeled as independent sources 
spaced out in time but clusters are modeled as a group of sources detonating at the same time. 
Scenarios can have both counts and clusters defined to simulate multiple group deployments of 
ordnance (i.e., multiple gun bursts). The modeled source depth is also defined in the scenario. All 
sources proposed for use in Pamlico Sound, identified in Table 4-1, have been determined by USMC 
personnel to detonate at or near the surface. For NAEMO modeling purposes, all ordnance analyzed are 
assumed to detonate at 0.1 meters below the surface.  
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4   Source Characteristics 
The ordnances analyzed include a variety of air-to-surface missiles, rockets, bombs, and gunfire 
expended on the Pamlico Sound targets. For modeling purposes, each ordnance was assigned to a 
specific impulsive bin and corresponding NEW based on the Navy’s Phase III comprehensive 
environmental compliance and sustainment process. Only sources with a NEW greater than 0.1 lb were 
considered for modeling while all other ordnances were classified as de minimis or inert; thus, not 
requiring acoustic analysis.   

 

Table 4-1   System Source Characteristics for Modeled Sources 
 

Source Impulsive Bin Net Explosive 
Weight (Modeled) 

Net Explosive 
Weight (Exact) 

Large Arms Rounds–Live–30 mm  E1 0.25 lb 0.1019 lb 

Large Arms Rounds–Live–40 mm E1 0.25 lb 0.1199 lb 

2.75-inch Rockets  E3 2.5 lb 2.5 lb 

5-inch Rockets E6 20 lb 15 lb  

 
Standard NAEMO analysis characterizes a source’s NEW based on its bin parameters, but results are 
available for both the modeled NEW and exact NEW, per request of the USMC. Both sets of parameters 
used in the NAEMO analysis are shown in Table 4-1 and non-modeled ordnances are detailed in Table 4-2. 

Table 4-2   Non-Modeled Sources 
 

Ordnance Type Reason for Not Being Modeled* 
Small Arms Rounds Excluding .50 CAL De minimis 
.50 CAL De minimis 
Large Arms Rounds–Inert  Inert 
Rockets–Inert  Inert 
Bombs and Grenades–Inert Inert 
Pyrotechnics Inert 
*De minimis sources have a NEW less than 0.1 lb. 
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5   AREAS OF OPERATION 
The proposed USMC activities are scheduled to take place within the MCAS Cherry Point Range 
Complex, outlined in Figure 5-1. This range encompasses most of Pamlico Sound and the two targets 
within it, Brandt Island Target (BT-9) and Piney Island Target (BT-11), illustrated in Figure 5-2.  

Each scenario was modeled at BT-9, using both the impulsive bin NEW and the exact NEW of the source. 
All sources used at BT-11 are inert and not modeled for impulsive effects; though the military expended 
material (MEM) was considered (Section 9.2).  

The USMC provided one-year and seven-year proposals for the expected munitions expenditures that 
would be used in the training activities within Pamlico Sound from 2021–2028. Based on these data and 
additional information given about the nature of specific activities, scenarios were created for each 
ordnance to reflect a realistic daily occurrence of each activity. Each scenario represents a single-day 
event and has a unique combination of platform counts, ordnance counts, and cluster sizes. For any 
scenarios where activity-specific information was unavailable, comparable scenarios from the Atlantic 
Fleet Training and Test (AFTT) study area database (Department of the Navy, 2018) were consulted in 
order to determine the appropriate values for the counts and clusters. The platform count, cluster size, 
and counts per day defining the quantities of a representative single day event for each ordnance are 
outlined in Table 5-1. 

Table 5-1   Source Counts and Modeling Locations for Modeled Sources Only 
 

Ordnance Type Platform 
Count 

Source 
Cluster 

Daily 
Source 
Count 

Modeled Areas 

Large Arms Rounds–Live–30 mm 6 25 10 BT-9 

Large Arms Rounds – Live–40 mm 6 5 50 BT-9 

2.75-inch Rockets 3 1 14 BT-9 

5-inch Rockets 3 1 14 BT-9 

Alternative numbers were established for each event to project the proposed amount of ordnance 
expenditures anticipated over a one-year and seven-year timeframe given impulsive effects from a 
single-day event. These values (Section 9.3) were calculated by dividing the annual and seven-year 
ordnance number totals, listed in Table 5-2, by the amount of expenditure used for an individual event, 
defined by the multiplication of the number of platforms, cluster and count. 

The inert events, taking place in both BT-9 and BT-11, were created to fulfill the proposed amount of 
annual and seven-year inert expenditures and similar to the comparable live activity but do not 
necessarily match them exactly. For the ordnances involved in both air-to-surface and surface-to-surface 
trainings, the overall munitions expenditure was broken down into separate scenarios by percentages 
derived from data provided in the 2014–2019 letter of authorization (LOA). The combined expenditures 
of applicable ordnances with both air-to-surface and surface-to-surface involvement add up to the 
overall number of the expenditure provided. 
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Figure 5-1   MCAS Cherry Point Range Complex 
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Figure 5-2   Pamlico Sound Modeling Areas and Testing Targets 
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Table 5-2   Hours of Operation and Counts of Weapons (HOOCOW) 
 

Location Proposed Annual LOA 2021-2028 
Bombing Exercise Air-to-Surface (Inert) 6,000 42,000 

BT-11 Model box 4,500 31,500 
BT-9 Model box 1,500 10,500 

GUNEX .50 Cal Air-to-Surface (Inert)  884,029 6,188,207 
BT-11 Model box 416,358 2,914,507 
BT-9 Model box 467,671 3,273,700 

GUNEX .50 Cal Surface-to-Surface (Inert)   109,486 766,398 
BT-11 Model box 8,642 60,493 
BT-9 Model box 100,844 705,905 

GUNEX 30mm BT-9 3,432 24,024 
BT-9 Model box 3,432 24,024 

GUNEX 40mm BT-9 10,420 72,940 
BT-9 Model box 10,420 72,940 

GUNEX Large Arm Rounds Surface-to-Surface (Inert) 360,739 2,525,173 
BT-11 Model box 240,334 1,682,338 
BT-9 Model box 120,405 842,835 

GUNEX Small Arms Rounds Air-to-Surface (Inert) 1,656,960 11,598,720 
BT-11 Model box 1,224,583 8,572,081 
B-T9 Model box 432,377 3,026,639 

GUNEX Small Arms Rounds Surface-to-Surface (Inert)  118,650 830,550 
BT-11 Model box 25,417 177,919 
BT-9 Model box 93,233 652,631 

Rocket Exercise 2.75-in. BT-9 220 1,540 
BT-9 Model box 220 1,540 

Rocket Exercise 5-in. BT-9 68 476 
BT-9 Model box 68 476 

Rocket Exercise Air-to-Surface (Inert) 7,094 49,658 
BT-11 Model box 6,250 43,750 
BT-9 Model box 844 5,908 

Pyrotechnics Expenditures 11,412 79,884 
BT-11 Model box 8,912 62,384 
BT-9 Model box 2,500 17,500 

Grand Total 3,168,510 22,179,570 
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6   ENVIRONMENTAL DATA 
The Ocean and Atmospheric Master Library (OAML) and Hybrid Coordinate Ocean Model (HYCOM) 
databases were utilized for the NAEMO analyses. The Naval Oceanographic Operations Command 
maintains the OAML and provides a baseline set of Navy standard core models, databases, and 
algorithms. OAML databases include bathymetric data, bottom sediment properties, and wind speed 
data required for conducting underwater sound propagation analyses. HYCOM is a hybrid coordinate 
ocean model run by the National Oceanic and Atmospheric Administration and provided the salinity and 
temperature data.   

Data for four environmental characteristics (bathymetry, sound speed profile, sediment type, and wind 
speed) were obtained or derived for January (winter), April (spring), July (summer), and October (fall). 
Bathymetry data was obtained from the Digital Bathymetric Database Variable-Resolution. Salinity and 
temperature data from the HYCOM database were used to derive sound speed profiles. The wind speed 
was extracted from the Surface Marine Gridded Climatology database. 

The databases used for each environmental parameter are shown in Table 6-1. More detail of the 
environmental data used in the NAEMO model can be found in the Navy’s Phase III Quantitative Analysis 
Technical Report (Blackstock et al. 2017).  

Table 6-1   Oceanographic and Atmospheric Master Library Environmental Databases 
 

Parameter Database 

Bathymetry Digital Bathymetric Database Variable-Resolution Version 6.2 (Level 0) 

Sound Speed Profile HYCOM Version 2.2 

Wind Speed Surface Marine Gridded Climatology Version 2.0 

Geo-Acoustic Parameters 

Re-Packed Bottom Sediment Type Version 2.0 (includes High- 
Frequency Environmental Acoustics Version 1.0) 

Low-Frequency Bottom Loss Version 11.1* 

High-Frequency Bottom Loss Version 2.2* 

*Low-frequency and high-frequency bottom loss databases are used to capture the variability of bottom 
sediment to absorb or reflect energy from high-frequency and low-frequency sound sources. 

Sound propagation is calculated at representative points throughout each modeling area using 
CASS/GRAB. During a simulation, each source in the scenario is randomly placed within the modeling 
area and within 0.5 nm of each other. It is assumed that sound propagation at each source follows the 
same propagation as the closest propagation point. 

 

 

 

 



Acoustic Effects Modeling MCAS Cherry Point Technical Report 27 March 2020 
 

6-2 Version 1 

 

 

 

 

 

 

 

 

 

 

 

 

This page left intentionally blank. 



Acoustic Effects Modeling MCAS Cherry Point Technical Report 27 March 2020 
 

7-1 Version 1 

7   MARINE SPECIES DENSITY AND DISTRIBUTION DATA 
The MCAS Cherry Point Range Complex encompasses the Pamlico Sound training areas, BT-9 and BT-11 
ranges. Known species present in these locations are bottlenose dolphins (Tursiops truncatus), Hardshell 
turtles (Hardshell turtle), Kemp’s ridley turtles (Lepidochelys kempii), leatherback turtles (Dermochelys 
coriacea), and loggerhead turtles (Caretta caretta) (Table 7-1).  Virtual animals, known as animats, of 
these species were distributed in NAEMO based on available density data obtained from the AFTT Study 
Area of the Navy Marine Species Density Database (NMSDD) (Department of the Navy, 2018).  

AFTT density layers for the turtle species covered the boundaries of the required modeling area while 
the available bottlenose dolphin data did not extend past the barrier islands into Pamlico Sound. To 
compensate for this, the bottlenose dolphin densities from the AFTT database were supplemented with 
information obtained by Read et al. (2003) that established a year-round value of 0.183/km2 within 
Pamlico Sound, see Section 7.1 for further details.  

 
Table 7-1   Marine Species That Occur Within Pamlico Sound 

 
Common Name Scientific Name 

Bottlenose dolphin–northern migratory stock (NMS) Tursiops truncatus 
Bottlenose dolphin–southern migratory stock (SMS) Tursiops truncatus 
Bottlenose dolphin–northern North Carolina estuarine system stock 
(NNCES) Tursiops truncatus 
Bottlenose dolphin–southern North Carolina estuarine system 
stock(SNCES) Tursiops truncatus 
Hardshell turtle Hardshell turtle 
Kemp’s ridley turtle Lepidochelys kempii 
Leatherback turtle Dermochelys coriacea  
Loggerhead turtle  Caretta caretta  

Density information is provided in more detail in Sections 7.1 and 7.2 for individual species that reside 
within Pamlico Sound, grouped under odontocetes and turtles. Though there is no evidence that 
additional species consistently venture inside of Pamlico Sound, the remaining species that reside within 
the AFTT Study Area (Table 7-2) were modeled in the unlikely event that impulsive sound escaped into 
the offshore water outside of Pamlico Sound. AFTT density layers were again used, though these species 
are only present along the offshore areas outside of Pamlico Sound. 

The finest temporal resolution for the NMSDD data for the Pamlico Sound Study Area is seasonal. The 
four seasons are defined as: 

• Winter: December–February 

• Spring: March–May 

• Summer: June–August 

• Fall: September–November 

However, density data are rarely available at this temporal resolution. For each area and season, the 
Navy’s goal is to identify the best available density estimate, and thus, different data sources may be 
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relied upon. To select marine species density estimates, the Navy established a data hierarchy based on 
available data (Department of the Navy 2017).  

For most marine megafauna, abundance is estimated using line-transect surveys or mark-recapture 
studies (Barlow 2010; Barlow and Forney 2007; Calambokidis et al. 2008). These methods usually 
produce a single value for density that is an averaged estimate across large geographical areas, 
commonly referred to as a “uniform” density estimate. In some cases, the survey area is broken up into 
several strata and density estimates are derived for each stratum (a “stratified” density estimate). More 
recently, a method called spatial habitat modeling has been developed to estimate cetacean densities 
that address some of these shortcomings (Barlow et al. 2009; Becker et al. 2012; Becker et al. 2010; 
Becker et al. 2016; Becker et al. 2014; Ferguson et al. 2006; Forney et al. 2015; Forney et al. 2012; 
Redfern et al. 2006). Note that spatial habitat models are also referred to as “species distribution 
models” or “habitat-based density models.” These models vary and make predictions at the scale of 
underlying environmental covariates.  

Table 7-2   AFTT Species Outside of Pamlico Sound 
 

Species Name Scientific Name 
Atlantic spotted dolphin Stenella frontalis 

Atlantic white sided dolphin Lagenorhynchus acutus 

Beaked whale  Ziphiidae 

Bearded seal   Erignathus barbatus 

Blue whale  Balaenoptera musculus 

Bryde’s whale  Balaenoptera edeni 

Clymene dolphin  Stenella clymene 

False killer whale  Pseudorca crassidens 

Fin whale Balaenoptera physalus 

Fraser’s dolphin  Lagenodelphis hosei 

Harbor porpoise  Phocoena phocoena 

Harp seal  Pagophilus groenlandicus 

Hooded seal  Cystophora cristata 

Humpback seal Megaptera novaeangliae 

Killer whale  Orcinus orca 

Kogia whale Kogia spp 

Melon headed whale  Peponocephala electra 

Minke whale  Balaenoptera acutorostrata 

North Atlantic right whale  Eubalaena glacialis 

Northern bottlenose whale  Hyperoodon ampullatus 

Pantropical spotted dolphin Stenella attenuata 
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Table 7-2   AFTT Species Outside of Pamlico Sound (Cont’d) 
 
 

Species Name Scientific Name 
Pilot whale  Globicephala spp 

Pygmy killer whale  Feresa attenuata 

Ringed seal  Pusa hispida 

Risso’s dolphin Grampus griseus 

Rough toothed dolphin Steno bredanensis 

Seals  Phocidae 

Sei whale  Balaenoptera borealis 

Short beaked common dolphin Delphinus delphis 

Sperm whale Physeter macrocephalus 

Spinner dolphin  Stenella longirostris 

Striped dolphin Stenella coeruleoalba 

West Indian manatee Trichechus manatus 

White beaked dolphin  Lagenorhynchus albirostris 
 

7.1 Odontocetes 
 

7.1.1 Bottlenose Dolphin, Tursiops truncatus 
 
The only odontocete species that actively resides in Pamlico Sound is the bottlenose dolphin. A density 
of 0.183 for all bottlenose dolphins per square kilometer was used year-round for the Pamlico Sound 
modeling analyses. This number derives from Abundance of Bottlenose Dolphins in the Bays, Sounds, 
and Estuaries of North Carolina (Read et al., 2003) and corresponds to the value used in the USMC’s 
request for 2014–2019 authorization. Though the aerial survey study from Goodman et al. (2007) 
reports a higher density value for some seasons, the data from Read et al. was used because it utilizes a 
mark-recapture photographic survey, more conservative and applicable than an aerial survey. This 
rationale also falls in line with the USMC’s most recent request (2014–2019) for authorization.  
 
There are four stocks of bottlenose dolphin present within Pamlico Sound: NMS, SMS, NNCES, and 
SNCES. Though there are no available density estimates for each specific stock, abundance 
approximations from NOAA provided population sizes for the four stocks in consideration. The NMS and 
SMS stocks have data available from 2017 while the most recent surveys for the NNCES and SNCES are 
from 2013 and 2006, respectively (Hayes et al., 2018). The abundance estimates for each stock in coastal 
and estuarine water of the U.S. East Coast used in the modeling analyses are outlined in Table 7-3. 
 

Table 7-3   Bottlenose Dolphin Stock Abundances 
 

NMS 6,639 

SMS 3,751 

NNCES 823 

SNCES 188 

Total  11,401 
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These abundance numbers do not reflect the abundance within Pamlico Sound. They were only used to 
calculate the percentages used to generate the stock breakout of the bottlenose dolphin distributions 
within Pamlico Sound.  Density was assumed uniform across the sound, illustrated in Figure 7-1 on the 
following page. Stock proportions were applied to the overall bottlenose dolphin distributions, based on 
0.183 animals per square kilometer (Read et al., 2003), by using the percentage of a stock’s abundance 
in relation to the cumulative population of all four stocks. Breakouts occurred on a monthly basis and an 
entire stock’s proportion was reduced to zero if the NOAA stock assessment clearly indicated an absence 
from Pamlico Sound in that month. Refer to the NOAA stock assessments for further information about 
stock movement (Hayes et al., 2018). For any month where a stock(s) was absent, the remaining present 
stock’s proportions were adjusted accordingly. The monthly proportions are outlined in Table 7-4.  
 

Table 7-4   Monthly Stock Breakout Percentages for Bottlenose Dolphin 
 
 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

NMS 88.97% 88.97% 88.97% 59.21% 59.21% 58.23% 0.00% 0.00% 58.23% 58.23% 59.21% 59.21% 

SMS 0.00% 0.00% 0.00% 33.45% 33.45% 32.90% 78.77% 78.77% 32.90% 32.90% 33.45% 33.45% 

NNCES 11.03% 11.03% 11.03% 7.34% 7.34% 7.22% 17.28% 17.28% 7.22% 7.22% 7.34% 7.34% 

SNCES 0.00% 0.00% 0.00% 0.00% 0.00% 1.65% 3.95% 3.95% 1.65% 1.65% 0.00% 0.00% 

 
Updated species distributions were created based on these percentages and modeled for impulsive 
effects from the proposed trainings within Pamlico Sound. Results are provided for individual stocks 
instead of the species as a whole, though the combined effects from all four stocks does represent the 
overall bottlenose dolphin effects. 
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Figure 7-1   Bottlenose Dolphin Year-Round Density in Pamlico Sound 
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7.2 AFTT Species Outside of Pamlico Sound  
 
Modeling for the remaining species within the AFTT study area (Table 7-2) resulted in zero exposures. As 
this modeling was only performed to ensure that no harmful sound escaped Pamlico Sound, density 
layers and results are not included for these species in this report. Refer to the Atlantic Fleet Training 
and Testing Final Environmental Impact Statement/Overseas Environmental Impact Statement for 
further information about species’ density and characteristics.  
 
7.3 Turtles 
The four turtle species in consideration (hardshell, Kemp’s ridley, leatherback, and loggerhead) all reside 
within Pamlico year-round, though there is seasonal variation for each. Density information from the 
Atlantic Fleet Training and Testing Final Environmental Impact Statement/Overseas Environmental 
Impact Statement was used for all modeling presented in this report. The following sections contain 
density plots for the modeled turtle species in the study area.  
 
7.3.1 Hardshell turtle, Hardshell turtle 
 
Figures 7-2 and 7-3 refer to the hardshell turtle densities in Pamlico Sound for fall/winter/spring and 
summer, respectively. 
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Figure 7-2   Hardshell Turtle Fall/Winter/Spring Density in Pamlico Sound 
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Figure 7-3   Hardshell Turtle Summer Density in Pamlico Sound 
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7.3.2 Kemp’s Ridley Turtle, Lepidochelys kempii 
 
Figures 7-4 and 7-5 refer to the Kemp’s ridley turtle densities in Pamlico Sound for summer/fall/winter 
and spring, respectively. 

 
Figure 7-4   Kemp's Ridley Turtle Summer/Fall/Winter Density in Pamlico Sound 
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Figure 7-5   Kemp's Ridley Turtle Spring Density in Pamlico Sound 
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7.3.3 Leatherback Turtle, Dermochelys coriacea 
 
Figures 7-6, 7-7 and 7-8 refer to the leatherback turtle densities in Pamlico Sound for summer, winter, 
and spring, respectively. 
 

 
Figure 7-6   Leatherback Turtle Summer Density in Pamlico Sound 
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Figure 7-7   Leatherback Turtle Winter Density in Pamlico Sound 



Acoustic Effects Modeling MCAS Cherry Point Technical Report 27 March 2020 
 

7-13 Version 1 

 

 
Figure 7-8   Leatherback Turtle Spring/Fall Density in Pamlico Sound 
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7.3.4 Loggerhead turtle, Caretta caretta 
 
Figures 7-9, 7-10 and 7-11 refer to the loggerhead turtle densities in Pamlico Sound for summer, fall, and 
winter/spring, respectively. 
 

 
Figure 7-9   Loggerhead Turtle Summer Density in Pamlico Sound 
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Figure 7-10   Loggerhead Turtle Fall Density in Pamlico Sound 
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Figure 7-11   Loggerhead Turtle Winter/Spring Density in Pamlico Sound 
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8   Marine Mammal Criteria and Thresholds 
The Navy’s Phase III marine mammal criteria and threshold (Department of the Navy 2017) data was 
utilized for this analysis.  The criteria provide specific threshold levels for acoustic and impulsive sources 
that can be used to determine potential auditory effects (Permanent Threshold Shift (PTS)/Temporary 
Threshold Shift (TTS)), behavioral responses to underwater anthropogenic sound, and non-auditory 
physiological impacts. 

All received impulse, Sound Exposure Level (SEL), and Sound Pressure Levels (SPLs) are recorded for 
each mammal or turtle in the defined area that received an SPL level of at least 100 dB. These values are 
then compared against all thresholds defined in Table 8-1 to calculate exposure numbers.  

Table 8-1   Effects, Criteria, and Thresholds for Impulsive Sources 
 

Group Species Behavioral 
Criteria 

Physiological Criteria 

Onset TTS Onset PTS 
Onset Gastrointestinal 

(GI) Tract Injury SPL 
50% 

Low-Frequency 
Cetaceans All mysticetes 163 dB SEL 168 dB SEL 

213 dB SPL 
183 dB SEL 
219 dB SPL 243 dB re 1 µPa peak 

Mid-Frequency 
Cetaceans 

Most delphinids, 
beaked whales, 
medium and large 
toothed whales 

165 dB SEL 170 dB SEL 
224 dB SPL 

185 dB SEL 
230 dB SPL 243 dB re 1 µPa peak 

High-Frequency 
Cetaceans 

Porpoises, River 
dolphins, 
Cephalorynchus 
spp., Kogia spp. 

135 dB SEL 140 dB SEL 
196 dB SPL 

155 dB SEL 
202 dB SPL 243 dB re 1 µPa peak 

Otariidae/Odobeni
dae 
(in water) 

California sea lion, 
Guadalupe fur seal, 
Northern fur seal 

183 dB SEL 188 dB SEL 
226 dB SPL 

203 dB SEL 
232 dB SPL 243 dB re 1 µPa peak 

Phocinae (in 
water) Harbor seal 165 dB SEL 170 dB SEL 

212 dB SPL 
185 dB SEL 
218 dB SPL 243 dB re 1 µPa peak 

Monochinae (in 
water) 

Northern elephant 
seal 165 dB SEL 170 dB SEL 

212 dB SPL 
185 dB SEL 
218 dB SPL 243 dB re 1 µPa peak 

Turtles All turtles  

175 dB 
root-mean-
square 
(RMS) 

189 dB SEL 
226 dB SPL 

204 dB SEL 
232 dB SPL 243 dB re 1 µPa peak 

Mortality and slight lung injury thresholds are calculated using the mass and depth of the mammal. An 
adult mass and a calf mass are defined for each species based on data from Criteria and Thresholds for 
U.S. Navy Acoustic and Explosive Impacts to Marine Mammals and Sea Turtles (2017c). Mortality (50% 
risk of extensive lung injury): 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑀𝑀𝐼𝐼𝐼𝐼 𝑇𝑇ℎ𝑀𝑀𝐼𝐼𝐼𝐼ℎ𝑀𝑀𝑀𝑀𝑜𝑜 = 144𝑀𝑀1
3� (1 +  𝐷𝐷

10.1
)1 6�  𝑃𝑃𝑀𝑀 − 𝐼𝐼 . 

Injury (50% risk of slight lung injury): 

𝑆𝑆𝑀𝑀𝑀𝑀𝑆𝑆ℎ𝑀𝑀 𝐿𝐿𝐼𝐼𝐿𝐿𝑆𝑆 𝐼𝐼𝐿𝐿𝐼𝐼𝐼𝐼𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑀𝑀𝐼𝐼𝐼𝐼 𝑇𝑇ℎ𝑀𝑀𝐼𝐼𝐼𝐼ℎ𝑀𝑀𝑀𝑀𝑜𝑜 = 65.8𝑀𝑀1
3� (1 +  

𝐷𝐷
10.1

)1 6�  𝑃𝑃𝑀𝑀 − 𝐼𝐼 , 

where D is depth (meters) and M is mass (kg). 
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9   Modeling Results 
9.1 Acoustic Effects 

Cumulative modeling results for each species are presented in the tables 9-1 through 9-4. Results 
represent an average effect based on the one hundred and twenty simulations conducted for each 
scenario. Modeling was performed on adults and calves independently and the results were averaged 
assuming a standard ratio of 70 percent adults to 30 percent juveniles.   

Results from NAEMO analyses using both the impulsive bin NEW and the exact source NEW, are 
provided. Tables 9-1 and 9-3 detail the effects based on the event multipliers defined for Annual while 
tables 9-2 and 9-4 provide the effects based on the event multipliers defined for seven Year. Because 
multiple simulations are run and results are averaged, fractional takes can be predicted. Effect 
predictions of 0.5 or higher are rounded to one to determine the number of takes resulting from these 
activities.  

Table 9-1   Potential Marine Species Exposures for Annual (Impulsive Bin NEW) 
 

Species Sum of 
Behavioral Sum of TTS Sum of PTS 

Sum of GI 
Tract 
Injury 

Sum of 
Slight Lung 

Injury 

Sum of 
Mortality 

Bottlenose dolphin northern 
migratory 38.68 15.19 1.234 0.059 0.0091 0.0039 

Bottlenose dolphin NNCES 6.738 3.703 0.063 0 0 0 

Bottlenose dolphin SMS 25.856 10.394 0.45 0.071 0 0 

Bottlenose dolphin SNCES 0.816 0.7 0.058 0 0 0 

Hardshell turtles 381.411 0.13 0.274 0.013 0 0 

Kemps Ridley turtle 29.743 0 0 0 0 0 

Leatherback turtle 132.088 0 0 0 0 0 

Loggerhead turtle 839.71 0.143 0.077 0 0 0 

Grand Total 1455.02 30.26 2.156 0.143 0.0091 0.0039 
 

Table 9-2   Potential Marine Species Exposures for Seven Year (Impulsive Bin NEW) 
 

Species Sum of 
Behavioral Sum of TTS Sum of PTS 

Sum of GI 
Tract 
Injury 

Sum of 
Slight Lung 

Injury 

Sum of 
Mortality 

Bottlenose dolphin northern 
migratory 270.769 106.335 8.635 0.416 0.0658 0.0282 

Bottlenose dolphin NNCES 47.152 25.935 0.439 0 0 0 
Bottlenose dolphin SMS 180.982 72.765 3.148 0.499 0 0 

Bottlenose dolphin SNCES 5.711 4.899 0.405 0 0 0 
Hardshell turtles 2669.87 0.915 1.916 0.094 0 0 

Kemps Ridley turtle 208.194 0 0 0 0 0 
Leatherback turtle 924.627 0 0 0 0 0 
Loggerhead turtle 5877.977 0.999 0.538 0 0 0 

Grand Total 10185.22 211.848 15.081 1.009 0.0658 0.0282 
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Table 9-3   Potential Marine Species Exposures for Annual (Exact NEW) 
 

Species Sum of 
Behavioral Sum of TTS Sum of PTS 

Sum of GI 
Tract 
Injury 

Sum of 
Slight Lung 

Injury 

Sum of 
Mortality 

Bottlenose dolphin NMS 27.594 8.435 1.022 0.04 0.0091 0.0039 
Bottlenose dolphin NNCES 5.203 1.964 0.044 0 0 0 

Bottlenose dolphin SMS 19.821 4.98 0.392 0.071 0 0 
Bottlenose dolphin SNCES 0.617 0.634 0 0 0 0 

Hardshell turtles 345.527 0.059 0.287 0 0 0 
Kemps Ridley turtle 26.835 0 0 0 0 0 
Leatherback turtle 116.854 0 0 0 0 0 
Loggerhead turtle 760.503 0.129 0.135 0 0 0 

Grand Total 1302.954 16.201 1.88 0.111 0.0091 0.0039 
 

Table 9-4   Potential Marine Species Exposures for Seven Year (Exact NEW) 
 

Species Sum of 
Behavioral Sum of TTS Sum of PTS 

Sum of GI 
Tract 
Injury 

Sum of 
Slight Lung 

Injury 

Sum of 
Mortality 

Bottlenose dolphin NMS 193.145 59.044 7.156 0.283 0.0658 0.0282 
Bottlenose dolphin NNCES 36.42 13.76 0.306 0 0 0 

Bottlenose dolphin SMS 138.737 34.872 2.746 0.499 0 0 
Bottlenose dolphin SNCES 4.321 4.443 0 0 0 0 

Hardshell turtles 2418.692 0.416 2.01 0 0 0 
Kemps Ridley turtle 187.848 0 0 0 0 0 
Leatherback turtle 817.96 0 0 0 0 0 
Loggerhead turtle 5323.52 0.904 0.943 0 0 0 

Grand Total 9120.643 113.439 13.161 0.782 0.0658 0.0282 
 
9.2 Military Expended Materials 
 
Table 9-5 shows the number of each type of MEM that is associated with each alternative of activity for 
one-year and seven-year timeframes. 
 

Table 9-5   Military Expended Materials for Each Alternative 
 

Ordnance Type Annual MEM 7 Year MEM 
Bombing Exercise Air-to-Surface (Inert) 6,000 42,000 

Bomb (Non-explosive) 6,000 42,000 
BT-11 Model box 4,500 31,500 
BT-9 Model box 1,500 10,500 

GUNEX .50 Cal Air-to-Surface (Inert) 1,768,058 12,376,414 
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Table 9-5   Military Expended Materials for Each Alternative (Cont’d) 
 

Ordnance Type Annual MEM 7 Year MEM 
Small Caliber Projectile (Non-Explosive) 884,029 6,188,207 

BT-11 Model box 416,358 2,914,507 
BT-9 Model box 467,671 3,273,700 

Small Caliber Projectile casings 884,029 6,188,207 
BT-11 Model box 416,358 2,914,507 
BT-9 Model box 467,671 3,273,700 

GUNEX .50 Cal Surface-to-Surface (Inert) 218,972 1,532,796 
Small Caliber Projectile (Non-Explosive) 109,486 766,398 

BT-11 Model box 8,642 60,493 
BT-9 Model box 100,844 705,905 

Small Caliber Projectile casings 109,486 766,398 
BT-11 Model box 8,642 60,493 
BT-9 Model box 100,844 705,905 

GUNEX 30mm BT-9 6,864 48,048 
Medium Caliber Projectile (Explosive)—Fragments 3,432 24,024 

BT-9 Model box 3,432 24,024 
Medium Caliber Projectile casings 3,432 24,024 

BT-9 Model box 3,432 24,024 
GUNEX 40mm BT-9 10,420 72,940 

Grenade (Explosive)—Fragments 10,420 72,940 
BT-9 Model box 10,420 72,940 

GUNEX Large Arm Rounds Surface-to-Surface (Inert) 721,478 5,050,346 
Large Caliber Projectile (Non-Explosive) 360,739 2,525,173 

BT-11 Model box 240,334 1,682,338 
BT-9 Model box 120,405 842,835 

Large Caliber Projectile casings 360,739 2,525,173 
BT-11 Model box 240,334 1,682,338 
BT-9 Model box 120,405 842,835 

GUNEX Small Arms Rounds Air-to-Surface (Inert) 3,313,920 23,197,440 
Small Caliber Projectile (Non-Explosive) 1,656,960 11,598,720 

BT-11 Model box 1,224,583 8,572,081 
BT-9 Model box 432,377 3,026,639 

Small Caliber Projectile casings 1,656,960 11,598,720 
BT-11 Model box 1,224,583 8,572,081 
BT-9 Model box 432,377 3,026,639 

GUNEX Small Arms Rounds Surface-to-Surface (Inert) 237,300 1,661,100 
Small Caliber Projectile (Non-Explosive) 118,650 830,550 

BT-11 Model box 25,417 177,919 
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Table 9-5   Military Expended Materials for Each Alternative (Cont’d) 
 

Ordnance Type Annual MEM 7 Year MEM 
BT9 Model box 93,233 652,631 

Small Caliber Projectile casings 118,650 830,550 
BT-11 Model box 25,417 177,919 
BT-9 Model box 93,233 652,631 

Pyrotechnics Expenditures 45,648 319,536 
Compression pad or plastic piston 11,412 79,884 

BT-11 Model box 8,912 62,384 
BT-9 Model box 2,500 17,500 

Endcap-Chaff and Flare 11,412 79,884 
BT-11 Model box 8,912 62,384 
BT-9 Model box 2,500 17,500 

Flare 11,412 79,884 
BT-11 Model box 8,912 62,384 
BT-9 Model box 2,500 17,500 
Flare O-ring 11,412 79,884 

BT-11 Model box 8,912 62,384 
BT-9 Model box 2,500 17,500 

Rocket Exercise 2.75 in. BT-9 220 1,540 
Rocket (Explosive)—Fragments 220 1,540 

BT-9 Model box 220 1,540 
Rocket Exercise 5 in. BT-9 68 476 

Rocket (Explosive)—Fragments 68 476 
BT-9 Model box 68 476 

Rocket Exercise Air-to-Surface (Inert) 7,094 49,658 
Rocket (Non-Explosive) 7,094 49,658 

BT-11 Model box 6,250 43,750 
BT-9 Model box 844 5,908 

Grand Total 6,336,042 44,352,294 
 

9.3 Description of Proposed Actions and Alternatives (DOPAA) 
The number of times each event occurs within one year and seven years at both Pamlico Sound target 
areas are shown in Table 9-6. Each source was modeled in a separate event. The number of events was 
selected to provide the correct annual and seven year ordnance values.  The fractions are a byproduct of 
defining all events based on a mean number of ordnance when in reality there are ranges in numbers. 
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Table 9-6   Number of Events that Take Place 
within One Year for Each Alternative 

 
Location Annual 7 Year 

Bombing Exercise Air-to-Surface (Inert) 83.333 583.333 
BT-11 Model box 62.500 437.500 
BT-9 Model box 20.833 145.833 

GUNEX .50 Cal Air-to-Surface (Inert)  147.338 1031.368 
BT-11 Model box 69.393 485.751 
BT-9 Model box 77.945 545.617 

GUNEX .50 Cal Surface-to-Surface (Inert)   18.248 127.733 
BT-11 Model box 1.440 10.082 
BT-9 Model box 16.807 117.651 

GUNEX 30mm BT-9 2.288 16.016 
BT-9 Model box 2.288 16.016 

GUNEX 40mm BT-9 6.947 48.627 
BT-9 Model box 6.947 48.627 

GUNEX Large Arm Rounds Surface-to-Surface (Inert) 120.246 841.724 
BT-11 Model box 80.111 560.779 
BT-9 Model box 40.135 280.945 

GUNEX Small Arms Rounds Air-to-Surface (Inert) 92.053 644.373 
BT-11 Model box 68.032 476.227 
BT-9 Model box 24.021 168.147 

GUNEX Small Arms Rounds Surface-to-Surface (Inert)  13.183 92.283 
BT-11 Model box 2.824 19.769 
BT-9 Model box 10.359 72.515 

Pyrotechnics Expenditures 114.120 798.840 
BT-11 Model box 89.120 623.840 
BT-9 Model box 25.000 175.000 

Rocket Exercise 2.75 in. BT-9 5.238 36.667 
BT-9 Model box 5.238 36.667 

Rocket Exercise 5 in. BT-9 1.619 11.333 
BT-9 Model box 1.619 11.333 

Rocket Exercise Air-to-Surface (Inert) 84.452 591.167 
BT-11 Model box 74.405 520.833 
BT-9 Model box 10.048 70.333 
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