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Abstract
Ortt, Jesse. Master of Environmental Assessment. A Comparison and Contrast of
Environmental Monitoring Techniques from 2008 to 2014 on the Pacific Harbor Seal
and Northern Channel Island Pinnipeds.
During certain times of the calendar year, United States Spacelift launches from
Vandenberg Air Force Base, California can cause stress and impact on the breeding
grounds of the Pacific Harbor Seal and the Northern Channel Island Pinnipeds. The US
Fish and Wildlife Service and NOAA Fisheries Service have established monitoring
requirements for space lift operations from Vandenberg Air Force Base for
anthropogenic noise based off of the sonic boom modeling program (PCBoom3).
Following the analysis of 5 years of cumulative data of the Atlas V launches, the Air
Force proposed a set of mitigation and monitoring measures that would lessen the
impact on the marine mammals. This included implementing seasonal restrictions such
as “avoiding missile and rocket launches during the harbor seal pupping season of
March through June, whenever possible and avoiding, whenever possible, launches
which are predicted to produce a sonic boom on the Northern Channel Islands during
Pinniped pupping seasons” (NOAA 2013). Based on these seasonal restrictions, the
requirements for monitoring were reduced for Vandenberg Air Force Base.
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Introduction
On October 21, 1972, the Marine Mammal Protection Act (MMPA) was enacted.
Congress passed this Act based off of findings that some marine mammal species or
stocks may be in danger of extinction or depletion due to human activity. The goal of
the MMPA is to ensure that these species or stocks are not permitted to fall below their
optimum sustainable population levels and that measures should be taken to replenish
these species or stocks (NOAA, 2014). The MMPA prohibits, with certain exceptions
the take of marine mammals in United States waters. The taking of a mammal does not
necessary mean death. A take defined under the MMPA is “to harass, hunt, capture, or
kill, or attempt to harass, hunt, capture, or kill any marine mammal and is further defined
in Federal Register 50 CFR 216" (NOAA Glossary, 2014). The MMPA was amended in
1994 to provide certain exceptions for Alaska Natives, small takes incidental to specified
activities i.e. space launch activities, and permits and authorizations for scientific
research. An incidental take is unintentional but could happen. Incidental take
authorizations under the MMPA grant the incidental take of small numbers of marine
mammals to U.S citizens who engage in a specific activity. This is done upon request
and the MMPA will issue a Letter of Authorization (LOA) (NOAA Permits, 2015).
Under the MMPA of 1972, the National Oceanic and Atmospheric Administration
National Marine Fisheries Service (NOAA Fisheries) issued a 5-year Programmatic
Permit for the unintentional take of small numbers of marine mammals incidental to
space vehicle and test flight activities, and a 5-year Letter of Authorization (LOA) to the
30th Space Wing at Vandenberg Air Force Base (VAFB), California (NOAA Fisheries,
2014). This authorization allows specific launch programs, including the Atlas V
program at Space Launch Complex 3 East (SLC-3E) and the SpaceX Falcon 9 program
from Space Launch Complex 4 (SLC-4) (Figure 1), to unintentionally take small
numbers of marine mammals during space launches. Vandenberg Air Force Base
(VAFB) is required to comply with the conditions listed in this authorization and address
NOAA Fisheries concerns regarding marine mammals at VAFB and the Northern
Channel Islands (NCI).
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Figure 1. Map of South Vandenberg Air Force Base Launch sites by L. Fillmore

In accordance with the NOAA Fisheries Service LOA, biological and acoustic sound
monitoring must be conducted at known/documented high density Pinniped breeding
sites in the Northern Channel Islands (including San Miguel, Santa Rosa and Santa
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Cruz Islands) when a VAFB space launch vehicle is predicted to produce a sonic boom
on the islands greater than 2.0 pounds per square foot (psf) if launched between
October 1st and February 28th. Monitoring of marine mammals on the NCI is required
between March 1st and June 30th if sonic boom modeling predicts that a sonic boom
greater than 1.0 psf. If a sonic boom measures 1.5 psf or greater on the NCI between
July 1st and September 30th, Pinniped monitoring is required (Table 1). The recent
2014 biological and acoustic monitoring requirements are different than the previous
agreement implemented in 2008 (Table 1 & 2). The March 2008 NOAA Fisheries
Service LOA stated monitoring will be accomplished if sonic boom modeling predicted a
boom greater than 1.0 psf. It was through observation and data collection that allowed
NOAA to change its requirements to meet the needs of the customer but also promote
marine mammal welfare.
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Background
San Miguel Island (SMI) (Figure 2) is one of the most important Pinniped areas on
the west coast of the US. The main species of Pinnipeds commonly found are California
sea lions (Zalophus californianus) (Figure 3), northern elephant seals (Mirounga
angustirostris) (Figure 4), Pacific harbor seals (Phoca vitulina richardsi) (Figure 5) and
northern fur seals (Callorhinus ursinus) (Figure 6) (Forney, 2000).

Monitoring
Location

Figure 2. San Miguel Island Pinniped monitoring location by SRS Technologies 2015

Figure 3. California sea lions (Zalophus californianus) by J. Foott. Retrieved from
http://www.nps.gov/chis/learn/nature/pinnipeds.htm
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Figure 4. Northern elephant seal (Mirounga angustirostris) by J. Foott. Retrieved from
http://www.nps.gov/chis/learn/nature/pinnipeds.htm

Figure 5. Pacific harbor seals (Phoca vitulina richardsi) by J. Foott. Retrieved from
http://www.nps.gov/chis/learn/nature/pinnipeds.htm

Figure 6. Northern fur seals (Callorhinus ursinus) by NMFS National Marine Mammal Laboratory.
Retrieved from http://www.nmfs.noaa.gov/pr/species/mammals/pinnipeds/northernfurseal.htm
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The main breeding areas of sea lions, elephant seals, and fur seals on SMI are found
in the Point Bennett area, on the west end of the island, although sea lions and elephant
seals also breed in large numbers on the east end and south coast of the island. In
2011, 30,768 California sea lion pups, 20,000 elephant seal pups, and 1,916 northern
fur seal pups were born on the island (Carretta, 2010). Pacific harbor seal pups on the
north and east end of the island, and several hundred northern elephant seals and sea
lions also pup on the east end of the island at Cardwell Point (Figure 1). However, the
majority of sea lions and elephant seals on the south coast and east end of the island
are non-breeding (juvenile or molting) animals.
Pinniped monitoring is required on the VAFB coastline during the harbor seal
pupping season March 1st through June 30th (NOAA, 2014). Harbor seals are the only
Pinniped species known to regularly breed along the coastline of VAFB. Monitoring
requirements are established by the US Fish and Wildlife Service and NOAA Fisheries
Service and have recently changed with the current Letter of Authorization (LOA).
Continuous research has helped to revamp the monitoring requirements when the LOA
was renewed (Tables 1 & 2).
Section 7 of the Marine Mammal Act allows interagency cooperation to carry out
programs that protect the conservation of protected species. Letters of Authorization
are administered by the Secretary of Commerce under Sections 101(a)(5)(A) and (D) of
the Marine Mammal Protection Act. US citizens participating in specific activities within
a particular geographic region are issued this LOA upon request, for the incidental, but
not intentional taking of small numbers of marine mammals at specific haul-out sites
(NOAA, 2014). VAFB operates under a taking by Level B harassment only. The taking
of a mammal does not necessary mean death. According to the Federal Register 50
CFR 216 “Level B Harassment means any act of pursuit, torment, or annoyance which
has the potential to disturb a marine mammal or marine mammal stock in the wild by
causing disruption of behavioral patterns, including, but not limited to, migration,
breathing, nursing, breeding, feeding, or sheltering but which does not have the
potential to injure a marine mammal or marine mammal stock in the wild” (50 CFR Part
216, 2015). Haul-out sites are defined as areas where Pinnipeds and Pacific harbor
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seals go on land to rest, achieve thermal regulation, socialize, and give birth (NOAA
Protected Resources 2014).
Table 1. U.S. FISH AND WILDLIFE SERVICE AND NOAA FISHERIES SERVICE
MONITORING REQUIREMENTS FOR SPACE AND MISSILE LAUNCHES FROM
VANDENBERG AIR FORCE BASE (March 26, 2014)
Rocket
System

Pacific
harbor seals
– VAFB
Pinnipeds –
Northern
Channel
Islands

Atlas V (SLC-3E)

Delta II (SLC-2)
Taurus (LF-576E)
789,420 lbs. of
thrust

Falcon 9 (SLCDelta IV (SLC-6)
Conventional Strike
Minotaur (SLC-8)
4)
Missile (TP-01)
860,000 lbs. of
180,000 of
710,000 (x 2) of thrust
600 lbs. of thrust
210,000 lbs. of thrust
thrust
thrust
Monitor during
Monitor first 3
Monitor during
Monitor Mar 1 – Jun 30 
Monitor during
pupping season
launches, then
pupping season
(Rocky Point)
pupping season (Mar
(Mar 1 – Jun 30)
only during
Mar 1 – Jun 30
1 – Jun 30) at Rocky
pupping season
(Spur Road)
Point
(Mar 1 – Jun 30)
Model sonic boom
Model sonic boom
Model sonic
Model sonic boom (see
South trajectory only:
(see below)
(see below)
boom (see
below)
Model sonic boom
below)
(see below)
Model sonic boom and monitor during pupping season as follows: Mar 1 – Jun 30: Boom > 1 psf
Jul 1-Sep 30: Boom > 1.5 psf
Oct 1-Feb 28: Boom > 2 psf

Table 2. U.S. FISH AND WILDLIFE SERVICE AND NOAA FISHERIES SERVICE
MONITORING REQUIREMENTS FOR SPACE AND MISSILE LAUNCHES FROM
VANDENBERG AIR FORCE BASE (March 26, 2008)
Rocket
System

Atlas V (SLC3E)
860,000 lbs. of
thrust

Pacific
harbor
seals –
VAFB

Monitor Mar 1 –
June 30 at Rocky
Point . Video
recording
required.

Pinnipeds
– SMI

Monitor year
round if sonic
boom > 1 psf

Delta II (SLC-2)
Taurus (SLC576E)
789,420 lbs. of
thrust

Conventional
Strike Missile
(TP-01)
600 lbs. of
thrust

Monitor Mar 1 – 
Jun 30 Spur
Road haul out

Monitor year
round if sonic
boom > 1 psf

Space-X
(SLC 4)
180,000 lbs.
of thrust
Acoustic
modeling and
monitoring for
first launch
(Rocky Point),
then all during
pupping
season
(March 1 –
June 30)
See above,
and Monitor
year round if
sonic boom >
1 psf

Delta IV (SLC-6)

Theater Missile
(North Base
LFs)
710,000 lbs. (x 2) of thrust
210,000 lbs. of
Approximately
thrust
210,000 lbs. of
thrust
Monitor first 3 launches and Monitor Mar 1 – Monitor during
then only during pupping
Jun 30 at Rocky
pupping season
season at Rocky Point (March Point
only at Lion’s
1 – June 30)
Head (March 1 –
June 30)

ABR for next launch between
July 1 and Feb 28

Monitor year round if sonic
boom > 1 psf

Minotaur (SLC8)

South trajectory
only: Monitor
year round if
sonic boom > 1
psf
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Monitoring Data and Results March 13th, 2008 Atlas V Launch
Methods
Approximately 5 weeks prior to launch, PCBoom3 Version 1.0c, a sonic boom
modeling program, was used to perform pre-launch sonic boom modeling for the Atlas V
NROL-28 launch, originally scheduled for late February 2008. The modeling program
incorporated nominal flight trajectory information, and 37 daily meteorological conditions
to predict the peak amplitude and impact location of a potential boom on the northern
Channel Islands.
Of the 37 modeling runs, 22 predicted sonic booms impacting SMI, while all 37
profiles predicted booms that impacted Santa Rosa and Santa Cruz Islands (Figure 7).
Of the 22 runs impacting SMI, 15 had peak overpressures modeled above 1 psf. Two of
these runs were predicted to impact the Point Bennett area of SMI, and had maximum
predicted peak overpressures of 1.5 and 2 psf. Most of the modeling runs above 1 psf
predicted impacts to the Cardwell Point area of SMI, with maximum peak overpressures
ranging from 2.25 to 2.5 psf (Table 3).
At Santa Rosa Island, 12 of the 37 booms predicted to impact the island were above
1 psf, three were in the 2 to 3 psf range, and two were in the 3 to 4 psf ranges (Table 3).
All of these booms impacted the northern and northwestern coastlines of the island.
At Santa Cruz Island, 11 of the 37 booms predicted to impact the island had intensity
above 1 psf; five were in the 2 to 3 psf range; and one was in the 3 to 4 psf range (Table
3). Most of these booms impacted the northern and northwestern coastlines of the
island.
Table 3. March 2008 PCBoom3 Sonic Boom Modeling Results
Island

0-1 psf

2-3 psf

2-3 psf

3-4 psf

Santa Rosa

7

25

3

2

Santa Cruz

20

11

5

1

San Miguel

6

15

1

0
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Figure 7. Pre-launch sonic boom modeling for the Atlas V NROL-28 by USAF 2014

When a sonic boom of over 1 psf is predicted to impact the northern Channel
Islands, the 2008 Letter of Authorization required observations of Pinnipeds take place
on the northern Channel Islands, beginning at least 72 hours prior to launch and
continuing through 48 hours after launch. In accordance with the 2008 Letter of
Authorization, observations of northern elephant seals were made at Cardwell Point on
the east side of SMI. Cardwell Point, approximately 76 km southeast of Space Launch
Complex-3, was selected for observation because it was within the predicted Atlas V
sonic boom impact area and also the site where most elephant seal pups are present
on SMI. The observation site (estimated elevation of 15 meters [m]; N 34.02004°, W
120.31113°; Figure 1) was a bluff top to the southwest of Cardwell Point, overlooking
the sandy beach and tide pools immediately west of Cardwell Point. This was the
closest location with the best vantage point to observe the elephant seals without
disturbing them.
Pre-launch counts were made on 10, 11, and 12 March, and post-launch counts
were made on 13 and 14 March. Daily observations were made between 0800 and
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1500 PDT, as this was the closest observable time period to the launch window of 0300
to 0319 PDT. Daylight observations were made using 10 x 42 power binoculars, and a
20 x 60 power zoom spotting scope to count the seals. Counts included elephant seals
in the water, those in the wash zone, and those hauled out on the beach or on the
rocks. Unusual behavior and environmental conditions were noted.
Monitoring was also performed immediately prior to and during the launch; this
monitoring was conducted from 0224 to 0325 PDT, using a night vision scope. Night
observations were made from immediately prior to the launch window, though the
launch and sonic boom, and continued for approximately 20 minutes after the sonic
boom was heard by the observers (Filmore 2008).
Results
Visual Monitoring
There was no evidence of injury, mortality or abnormal behavior in any monitored
Pinnipeds on SMI as a result of the Atlas V NROL-28 launch. Elephant seal pups
comprised the vast majority of the elephant seals observed at Cardwell Point during the
Atlas V monitoring period (Figure 8). Their numbers ranged from 404 to 770 pups, with
a decreasing number of pups present each day of monitoring. Pre-launch counts ranged
from 770 to 486 pups, while post-launch counts ranged from 464 to 404 pups. Between
29 and 46 adult elephant seals, and zero to 12 juveniles were also present during the
monitoring period. In addition, 27 dead pups (not fresh dead) were seen on each day of
the monitoring period and were assumed to be the same animals each day (Figure 9).
These deaths were not attributed to any launch activities.
In comparison to the December 2014 visual monitoring data, there were few
numbers of reported elephant seals. This is due to it not being their pupping season.
However, there were large comparable numbers of California sea lions. Total prelaunch counts for California sea lions at the SMI monitoring location ranged from 206 to
1,067. Post launch California sea lion totals ranged from 606 to 729. Between 17 and
67 pups were observed prior to the launch and 66 to 96 pups were observed after the
launch (Figure 10).
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At 0224 PDT, shortly before the launch, observers monitored a subset of elephant
seal pups that could be adequately observed with the night vision scope. Additional
pups and adult seals were present on the beach but could not be adequately observed.
The monitored subset consisted of 109 pups; 53 were immediately above the wave
slope and mostly resting, while the remaining 56 were on the wave slope, in the water,
or heading to the water. At the time of the launch, the Atlas V could be clearly seen
launching from VAFB and arching high overhead towards the south. A sonic boom
impacted Cardwell Point at 0307 PDT, creating a single clearly audible boom. Muffled
crackling and rumbling rocket engine noise immediately preceded and followed the
boom.

Figure 8. Cardwell Point Elephant seal monitoring (Representative Photo USAF 2010)

There was no discernable reaction by the monitored elephant seals to the sonic
boom and no observed changes in their behavior. During the 20 minutes following the
launch, no abnormal behavior was observed such as lack of playing or stampeding.
Three pups were observed to move off the wave slope to rest above on the beach
during the 20 minutes following the boom. They did not appear hurried or vigilant
(Fillmore, 2008).

Figure 9. March 2008 Atlas V launch Elephant seal count at Cardwell Point by L Fillmore 2008
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Figure 10. December 2014 Atlas V launch SMI sea lion monitoring results by SRS Technologies 2015

Acoustic Monitoring
A DAT recorder and a Bruel and Kjaer type 4193 microphone with a low frequency
adapter, pre-amplifier and power supply (Figure 11) was used to monitor the sound
environment and measure the launch noise and sonic boom. This system is tailored for
recording the low frequency sound associated with rocket launches and sonic booms.
This DAT system records the launch noise and sonic booms digitally to tape, which
allows for detailed post- analysis of the frequency content, and the calculation of other
acoustical metrics. Using Maxell DAT tapes, the DAT system recorded for just over 3
hours, providing ample time to record the launch noise.

Temperature (°F)

Number of Animals

800
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Figure 11. DAT system used to record launch noise from the launch vehicle on SMI by L. Fillmore 2008

As predicted by the PCBoom3 sonic boom modeling program, a sonic boom did
impact SMI (Figure 12). Using calibration measurements performed 20 minutes prior to
the boom arrival, as well as 10 minutes post-boom arrival, the peak overpressure was
measured to be 1.24 psf. The peak of the sonic boom was measured to have a rise time
of 2.4 milliseconds (ms). The rise time, which reflects how much high frequency sound
energy there is, was fast compared to other sonic booms previously recorded on the
islands. Sonic booms with faster rise times typically have more energy in the higher
frequencies compared to those with slower rise times (Fillmore, 2008).
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Figure 12. Time waveform of the sonic boom from the launch of the Atlas V launch vehicle by
SRS Technologies 2008

Monitoring Data and Results December 12th, 2014 Atlas V Launch
Sonic Boom Modeling
Methods
Approximately four weeks prior to the launch, PCBoom3 Version 1.0e, a sonic boom
modeling program, was used to perform pre-launch sonic boom modeling for the Atlas V
NROL-35 launch. The modeling program incorporated the nominal flight trajectory
information and 31 daily meteorological conditions to predict the peak amplitude and
impact location of a potential boom on the Northern Channel Islands.
Results
The PCBoom3 model results showed that 31 of the 31 meteorological conditions
modeled for two rocket trajectories produced sonic booms greater than two psf that
would impact SMI (Figures 13 & X 14). Two biological monitors were sent to SMI to
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identify an appropriate monitoring location within the predicted impact area and conduct
Pinniped monitoring in support of the launch (ManTech SRS, 2015).

Figure 13. Pre-launch sonic boom modeling for trajectory “L” launch by USAF 2014

Figure 14. Pre-launch sonic boom modeling for trajectory “R” launch by USAF 2014
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San Miguel Island Acoustic and Visual Monitoring
Methods
Human marine mammal observers arrived at SMI one day early to assess potential
monitoring locations. Due to Navy constraints resultant of unexploded ordnance on SMI,
monitors were unable to travel to monitoring locations on the north coast where boom
models predicted the greatest impact. After assessing approximately 2.25 km of the
east-southeast coastline, a sandy beach southwest of Cardwell Point named Active
Point was selected for observation (Figure 2), because of a large number of hauled out
California sea lions (Zalophus californianus). Observations were made from the top of a
marine terrace (about 56 feet of elevation) offering a good vantage point to monitor the
California sea lions without creating a visual disturbance or allowing the observer’s
scent to be blown onto the haul-out (SRS, 2015). Visual monitoring was conducted
within these two locations on the beach (Figures 15 and 16):
Block A was a 153.25 meters (m) in length cove and was had a sandy beach
with two large rock shoals exposed at low tide and an even transition into a deep
water sub-tidal zone with a sandy bottom. The northern section of Block A had
sandy beach upland, with well developed, steep sand banks as a result of
storms. The west and east end of the cove were marked by rocky intertidal, tidal,
and sub-tidal zones.
Block B was a 48.5 m long cove and had a sandy beach with a majority of the
cove transitioning into deep water via large rocky shoals exposed at mid to low
tides.
Human Marine Mammal Visual Monitoring
Monitoring consisted of Pinniped counts and behavioral observations performed
each morning, between 0700 and 1200 PDT, three days prior to through two days
following the launch. Pre-launch counts were made on December 10th, 11th, and 12th.
The launch occurred at 1917 PDT on December 12th. Monitoring was conducted the
day of the launch, as well as December 13th and 14th. Observations were made using
10 x 42 power binoculars and a 20 x 60 power zoom spotting scope. Exact counts were
made on an hourly basis recording numbers of each species by sex/age class and
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behavior. Counts included all animals hauled out within blocks A and B, including those
in the near-shore water where wave action was present. The following seven basic
observable behaviors established by Vandenberg Air Force Base Natural Resources
office and ManTech SRS Technologies were recorded during each hourly count:
1. Resting
2. Sitting with head raised and watching (Vigilant)
3. Swimming in the near-shore water (Water)
4. Moving “aimlessly” or side to side in the haul-out location (Stroll)
5. Moving towards the water or to the upland (Stroll to Water, Stroll to Upland)
6. Play wrestling/fighting (Play Fighting)
7. Pup suckling on its mother (Nursing)
The above behaviors were also recorded in conjunction with the following locations
of the observed behavior:
1. Area in the tidal zone (Intertidal)
2. Area affected by incoming-tide (Wave Slope)
3. Shelf area above the average high tide mark (Upland)
4. Rocky point on far west end of cove (Rocks)
Because the launch event occurred after daylight hours, monitoring of Pinniped
reaction to the boom was not easily seen without additional aid. The Exelis AN/PVS-7D
night vision goggles were used to watch all animals within the monitoring area for 30
minutes prior to and following the launch.
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Figure 15. SMI Pinniped monitoring location Block A (photo by USAF and SRS Technologies 2015)

Figure 16. SMI Pinniped monitoring location Block B (photo by USAF and SRS Technologies 2015)

A TEAC model RD-120T digital audio tape (DAT) recorder and a Bruel and Kjaer type
4193 microphone with a low frequency adapter, pre-amplifier and power supply was
used to monitor the sound environment and measure the sonic boom (Figure 11). This
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system is tailored for recording the low frequency sound associated with rocket
launches and sonic booms. This DAT set-up has been in use since the Atlas II launch
September 8, 2001 and records the launch noise and sonic booms digitally to tape,
which allows for detailed post- analysis of the frequency content, and the calculation of
other acoustical metrics. Using Maxell DAT tapes, the DAT system recorded for just
less than 40 minutes, providing enough time to record the ambient noise and sonic
boom. The DAT recorder was placed near the visual monitoring site at Active Point on
SMI and set up to record the potential sonic boom.
As predicted by the PCBoom3 sonic boom modeling program, a sonic boom did
impact SMI (Figure 17). Using measurements performed 30 minutes prior to the boom
arrival, as well as 10 minutes post-boom arrival, the peak overpressure was measured
to be 1.175 psf. In contrast with the frequency component of the boom as implied by
rise time, “the energy spectral density measurements show that most of the sound
energy of the received boom was below several hundred Hertz. Like rocket launch
noise, sonic booms have a great deal of low frequency energy with a majority of that
energy below 100 Hertz.” (SRS Technology, 2015)
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Figure 17. Time waveform of the sonic boom from the launch of the Atlas V launch vehicle by PCBoom3
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Discussion
In March 2008, Vandenberg Air Force Base launched its first Atlas V. Not much was
known what effects that this rocket system would produce. The environmental
assessment at the time expected that the disturbances in and around Vandenberg
would at worst “result in a temporary modification in behavior, temporary changes in
animal distribution, and/or low-level physiological effects” (NOAA, 2008). These were
considered minor because launches would last seconds and dredging operations in the
harbor happen 4 times a year and only last a few days at a time.
Predicted levels from an Atlas V launch over the northern Channel Islands placed a
sonic boom level at 7.2 psf (Fillmore, 2008). While this measurement was dependent
on weather conditions and time of day, initial monitoring requirements from NOAA
dictated year round monitoring when a sonic boom model greater than 1 psf was
predicted. In 2008, the daily maximum numbers of observed seal pups present over the
course of the monitoring period decreased daily. Large decreases were seen after the
first and second days of monitoring, with a decrease of over 170 animals after the first
day, and over 110 animals after the second day. While numbers continued to decrease
during the following 3 days of monitoring, decreases were more modest. There was only
a difference of 22 seals between the final pre-launch count on 12 March, and the initial
post-launch count on 13 March. In comparison to the December 2014 visual monitoring
data, there were few numbers of reported elephant seals. This is due to it not being
their pupping season. However, there were large comparable numbers of California
sea lions. Total pre-launch counts for California sea lions at the SMI monitoring location
ranged from 206 to 1,067. Post launch California sea lion totals ranged from 606 to 729.
Between 17 and 67 pups were observed prior to the launch and 66 to 96 pups were
observed after the launch (Figure 10).
The first 2 days of monitoring, when the largest number of seals was seen, also had
the highest temperatures and the lowest winds recorded for the monitoring period. The
lack of a reaction by the monitored seal pups to the 1.24 psf sonic boom wasn’t
unexpected. Elephant seals are generally the least reactive species of Pinnipeds on
SMI to visual and acoustic disturbances (Thorson, 2002). Harbor seals are more
reactive to disturbances than elephant seals, and they demonstrated a strong reaction
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(i.e. 100 percent moving into the water) to the sonic boom (Fillmore, 2008). However,
seals began returning to the haul-out site within 4 minutes post launch.
There were four additional Atlas V launches from Vandenberg; one in October 2009,
September 2010, April 2011, and September 2012. These additional measurements all
predicted a sonic boom to impact SMI and allowed to better quantify sonic boom
characteristics from the space vehicle. All biological and acoustic measurements were
similar in scope to the 2008 initial launch. This biological assessment data was
submitted by Vandenberg Air Force Base to the U.S. Fish and Wildlife Service as part of
their five-year programmatic permit for small takes of marine mammals. This data
indicated launch noise did not substantially affect the number or activities of these
species in the near-shore marine environments near VAFB or the northern Channel
Islands. Therefore, the Department of Interior determined that the activities wouldn’t
likely adversely affect the species. This was expressed in their Programmatic Biological
Opinion dated September 22, 2011 (Kephart, 2011).
With 5 years of cumulative monitoring data of the Atlas V launches, the Air Force
proposed a set of mitigation and monitoring measures that would lessen the impact on
the marine mammals. This included “avoiding missile and rocket launches during the
harbor seal pupping season of March through June, whenever possible and avoiding,
whenever possible, launches which are predicted to produce a sonic boom on the
Northern Channel Islands during Pinniped pupping seasons” (NOAA, 2013). With these
stipulations in place, the Department of Interior allowed environmental monitoring
requirements to change for VAFB (Table 1).
The first launch with the new monitoring requirements was December 12th, 2014.
However there were 3 previous Atlas V launches, one in December 2013, April 2014,
and August 2014 which did not have any monitoring requirements. The December 12th
launch predicted a sonic boom over 2 psf. Monitoring results shown the boom model
over predicted as the measured waveform was only 1.20 psf. Visual data shown total
pre-launch counts for California sea lions at the SMI monitoring location ranged from
206 to 1,067 while post launch California sea lion totals ranged from 606 to 729.
Between 17 and 67 pups were observed prior to the launch and 66 to 96 pups were
observed after the launch. During the launch, five adults lifted their heads with mild
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vigilance. According to the March 2014, it is mandatory to report any behavioral
modifications resulting in this activity as observed by a “qualified individual” (Kephart,
2014). These five adults are counted against the total number of authorized takes
during the five-year LOA (Table 4). None of the other sea lions at the haul-out at the
time of the launch showed a discernible reaction. None flushed into the water. Weather
conditions appeared to have a greater effect on the number of California sea lions
hauled out and their behavior than the launch.
Table 4. Authorized species and numbers of takes annually from authorized activities
(Vandenberg AFB MMPA Letter of Authorization March 26, 2014)
Species

Total number of authorized Level B takes annually

Pacific Harbor seal

31,161

California sea lion

465,129

Northern elephant seal 80,024
Steller sea lion

1,824

Northern fur seal

62,500

Both sonic boom measurements from 2008 and 2014 measured approximately the
same. While visual data varied, biological monitoring showed similar patterns.
Changing the environmental monitoring requirements by adjusting the sonic boom
modeling from greater than 1 at all-times to March 1-June 30 a boom greater 1 psf, July
1-September 30 a boom greater than 1.5 psf and October 1-Febuary 28 a boom greater
than 2 psf to match the Pinniped and seal pupping seasons met the intent of Section 7
of the Marine Mammal Act and saved the United States Air Force $74,000 each time
monitoring was not required. (Evans, 2013).
Conclusion
In accordance with the NOAA Fisheries Service LOA, biological and acoustic
monitoring must be conducted at high density Pinniped breeding sites in the Northern
Channel Islands (including San Miguel, Santa Rosa and Santa Cruz Islands) when a
VAFB space launch vehicle is predicted to produce a sonic boom on the islands greater
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than 2.0 psf if launched between October 1st and February 28th. Monitoring of marine
mammals on the NCI is required between March 1st and June 30th if sonic boom
modeling predicts that a sonic boom greater than 1.0 psf. If a sonic boom measures 1.5
psf or greater on the NCI between July 1st and September 30th, Pinniped monitoring is
required. In 2008, it was noted that additional measurements from future Atlas V
launches with sonic booms predicted to impact the northern Channel Islands would be
needed to quantify sonic boom characteristics from the Atlas V vehicle under different
environmental conditions.
With 5 years of cumulative monitoring data of the Atlas V launches, the Air Force
proposed a set of mitigation and monitoring measures that would lessen the impact on
the marine mammals. With these stipulations in place, the Department of Interior
allowed environmental monitoring requirements to change for Vandenberg Air Force
Base. As shown during the 2014 Atlas V launch, the launch did not appear to have any
significant negative temporal effect on Pinniped numbers at haul outs on SMI.
Therefore, it does not appear that these launches cause injury or harm to any Pinnipeds
or long term affects to these populations.
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