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1.0 EXPANDED PROJECT DESCRIPTION 

The following project description was prepared by Pacific Gas and Electric Company 
(PG&E) in support of the proposed Offshore Central Coastal California Seismic Imaging Project 
(Project) located within the central area of San Luis Obispo County, California (Figure 1-1).  The 
following summarizes the proposed offshore deep seismic data collection survey. 

1.1 PROJECT TITLE 

Offshore Central Coastal California Seismic Imaging Project 

1.2 PROJECT APPLICANT’S NAME AND ADDRESS 

Pacific Gas & Electric Company 
Mr. Loren Sharp, Senior Director, Technical Services 
Diablo Canyon Power Plant 
Mail Code 104/6/603 
Post Office Box 56 
Avila Beach, California 93424 

1.3 PURPOSE AND OBJECTIVES 

The purpose of the proposed survey is to conduct additional seismic studies in the 
vicinity of the Diablo Canyon Power Plant (DCPP) and known offshore fault zones near DCPP. 
These seismic studies would provide additional insights of any relationships or connection 
between the known faults as well as enhance knowledge of offshore faults near DCPP.  The 
proposed deep (10 to 15 kilometers [km] or 6 and 9 miles [mi]), high energy seismic survey 
(HESS) (energy >2 kilo joule) would complement the shallow (< 1km), low energy (< 2 kilo joule) 
3D seismic reflection survey.  The first phase of low energy 3D seismic survey was conducted 
offshore DCPP by PG&E between November 2010 and January 2011.  

The objectives of the proposed high energy 3D seismic survey are to: 

• Record high resolution wide 2D and 3D seismic reflection profiles of major geologic 
structures and fault zones in the vicinity of DCPP. 

• Obtain improved deep (>1 km [>0.6 mi]) imaging of the Hosgri and Shoreline fault 
zones in the vicinity of the DCPP to constrain fault geometry.  

• Obtain improved (>1km [>0.6 mi] depth) imaging of the intersection of the Hosgri and 
Shoreline fault zones near Point Buchon. 

• Obtain improved (>1 km [>0.6 mi]) imaging of the intersection of the San Simeon and 
Hosgri fault zones near Point Estero. 

• Augment current regional seismic data base for subsequent use and analysis.  
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Figure 1-1.  Proposed Project Survey Area 
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The Project is being undertaken due to public concerns with operating a nuclear power 
plant in a seismic active area of California post the Fukushima Daiichi emergency.  PG&E will 
obtain as much seismic information as possible, while minimizing environmental impacts 
consistent with the permits required by federal, state and local agencies to conduct the studies.  
The studies require the collection of data over a long period of time.  However, the timeframe is 
limited to fall months due to whale and fish migration as well as bird nesting constraints.  The 
current Project scope has been designed to minimize environmental impacts to the greatest 
extent feasible.  PG&E originally proposed daylight data collection only, but we are likely to 
propose conducting the studies 24-hours per day, 7 days per week (24/7).  Considerations to be 
evaluated include overall air emissions, length of time for operation in the water, and the overall 
timeframe to minimize impact to whales, nesting birds, and salmon fishing season.  PG&E will 
work with environmental agencies to appropriately address the balancing of public health and 
safety and environmental concerns during the conduct of these studies. 

 The following have been prepared to support the Project application and the measures 
to be implemented to reduce potential impacts: 

• Reports and Assessments 
• Biological Assessment (Appendix A) 
• Essential Fish Habitat Assessment (Appendix B) 
• Marine Biological Resource and Habitat Report (Appendix C) 
• Air Emissions Calculations (Appendix D) 

• Plans 
• Marine Wildlife Contingency Plan (Appendix E) 
• Fisheries Plan (Appendix F) 
• Oil Spill Contingency Plan (Appendix G) 
• Marine Operations Health and Safety Plan  (Appendix H) 

• Equipment Specifications (Appendix I) 
• Marine Vessels 
• Onshore Vehicles 

• Vibroseis 
• Accelerated Weight Drop 

1.4 PROJECT LOCATION 

The proposed Project would be conducted within the coastal (onshore and nearshore) 
and offshore marine waters between Cambria and San Luis Bay, offshore San Luis Obispo 
County, California (Figure 1-1).  The proposed survey will cross all the major geologic units in 
the study area and image their structure at depth using high-resolution 2D and 3D seismic 
reflection profiling techniques.  The offshore and onshore survey sound source transects, as 
well as the nearshore/onshore geophone locations have not been finalized; as such, the 
transect corridors identified are approximate and subject to change.   
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The following summarizes the acquisition target areas. 

1.5 3D SEISMIC DATA ACQUISITION TARGET AREAS  

The 3D seismic survey program encompasses an area of approximately 830 km2 (320 
mi2) and is divided into the two “primary target areas,” (Zone 1 and 2) described below and are 
shown on Figure 1-1.  Project activities, which include vessel and onshore vehicle operations 
and the deployment and recovery of onshore, intertidal and nearshore geophones, are 
proposed within the two green rectangular areas (vessel operations) and the two smaller yellow-
outlined onshore areas (geophone and onshore vehicles) in Figure 1-1.  The offshore (vessel) 
survey would be conducted in both federal and state waters and water depths within the 
proposed survey areas range from 0 to over 400 m (1,300 ft); the State Three-Mile Limit is the 
orange line in Figure 1-1.   

Zone 1: Cambria to Point Estero:  

• Area: 345 km2 (133 mi2) 

• Improve imaging (>1 km) of the intersection of the Hosgri and San Simeon fault 
zones offshore Cambria to Point Estero 

Zone 2:  Point Buchon to Point San Luis 

• Area: 484 km2 (187 mi2) Zone 2 incorporates two target areas near Point Buchon 
and Point San Luis (Zones 2a and 2b) that would be imaged concurrently to 
minimize mobilization and maximize vessel use time. 

• The Point Buchon area (Zone 2a, area 108 km2, 42mi2) is identified to improve 
imaging (>1 km [0.6 mi]) of the intersection of the Hosgri and Shoreline fault zones 
offshore Point Buchon.   

• Proposed high energy seismic survey (HESS) in Zone 2a would complement the low 
energy, shallow 3D seismic reflection survey conducted offshore of the DCPP by 
PG&E during the November 2010 through January 2011 period. 

• Proposed HESS would also be used to refine data collected east of the Hosgri fault 
during the 1988 Long Term Seismic Program and to provide active sources for the 
onshore 2D portion of the Project.  

• The Point San Luis area (Zone 2b, area 117 km2 [45 mi2]) is identified to determine 
the southern boundary of the Shoreline fault zone as well as the geometry of 
offshore fault systems including the Hosgri, Shoreline, Southwest Boundary Zone 
(Rattlesnake, Olsen, and Pecho faults). 

Figure 1-2 depicts the proposed survey transit lines.  These lines depict the actual survey lines 
as well as the turning legs.  The total line length is 880 km (547 miles) for the northern survey 
area and 1,231 km (765 miles) for the southern survey area.  Assuming a daily survey rate of 
approximately 40 km/day (25 miles/day for 24 hours a day / 7 days a week operations), the 
Zone 1 survey is expected to take approximately 22 days and Zone 2 survey approximately 30 
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days  not counting down time due to weather, marine mammal activity and other contingencies.  
Daylight only operations would extend these survey times to approximately 60 and 90 days, 
respectively.

 

Figure 1-2.  Proposed Project Survey Track Line Map 

1.6 PROJECT ACTIVITIES 

The proposed survey involves both marine and onshore activities.  The offshore 
components consist of operating a geophysical survey vessel and support/monitoring vessels 
within the areas shown in Figure 1-1 and transiting between the site and either Port San Luis or 
Morro Bay.  The geophysical survey vessel would tow a series of sound-generating air guns and 
sound-recording hydrophones along pre-determined shore-parallel and shore-perpendicular 
transects to conduct deep (10 to 15 km [6 to 9 mi]) seismic reflection profiling of major geologic 
structures and fault zones in the vicinity of DCPP.  
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The nearshore actions include the placement of seafloor geophones (e.g. Fairfield Z700 
nodal units) through the intertidal zone and into nearshore water areas (to approximately the 
100 m [330 ft] isobath) and the operation of an onshore sound source that would be recorded by 
the seafloor geophones.  Detailed descriptions of the proposed actions for each component are 
provided below. 

1.6.1 Mobilization and Demobilization 

The offshore 3D marine survey equipment and vessels are highly specialized and 
currently not available in California.  It is expected that the required seismic survey vessel would 
become available following the summer survey season in Alaska.  The survey vessel would 
therefore transit south from the Gulf of Alaska prior to the start of survey operations.  Once the 
vessel has arrived in the Project area, the survey crew, any required equipment, and support 
provisions would be transferred to the vessel while moored in Port San Luis.  Larger equipment, 
if required, would need to be loaded onboard the vessel at San Diego prior to departure.  Upon 
completion of the offshore survey operations, the survey crew would be transferred to shore and 
the survey vessel would transit out of the Project area.   

Nearshore operations would be conducted using locally available vessels such as the 
M/V Michael Uhl (Uhl).  Equipment including the geophones and cables would be loaded aboard 
the Uhl in Morro Bay Harbor and transferred to the offshore deployment locations.  Following 
deployment and recovery of the geophones and cables, they would be transferred back to 
Morro Bay Harbor for transport offsite. 

Onshore sound generating equipment (AWD or VibroseisTM) is truck-mounted and is 
currently available in California.  Onshore equipment (sound source and geophones) would be 
transported by truck to the Project area.  It is currently assumed that initial staging of the 
onshore equipment would be within the DCPP site area.  Once onsite, the self-propelled 
equipment would move along the proposed survey lines, which are existing roadways or ranch 
roads.  Receiver line equipment would be deployed by foot-based crews supported by 
helicopters or four wheel drive vehicles.  Once the Project has been completed, the equipment 
would demobilize from the area by truck.  

1.6.2 Offshore Survey Operations 

The proposed offshore seismic survey would be conducted with geophysical vessels 
specifically designed and built to conduct such surveys.  Currently PG&E is soliciting proposals 
from potential survey contractors.  Due to the nature of this work, a limited number of 
specialized vessels are available to conduct such operations.  Appendix I provides vessel 
specifications for vessels currently under consideration for this Project.  Once the survey 
contractor has been selected, the vessels’ details would be provided to all applicable permitting 
agencies.  The following outlines the general specifications for the geophysical survey vessel 
and the support vessels needed to complete the offshore survey.   
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In water depths from 30 to 305 m (100 to >1,000 ft), 6 to 12, 4.0 to 8.0 km-long (2.5 to 
5.0 mi) solid streamers would be towed behind the primary survey vessel.  The streamers would 
contain hydrophones placed at 12.5 meter group intervals to create imaging bins of 
approximately 6.25 m dimension.  

• Primary vessel (60 to 100 m  [200 to 305 ft] length): suited for work in shallow waters 
and obstructed areas, outfitted to deploy/retrieve hydrophone streamers and air gun 
arrays, air compressors for the air gun array, and survey recording and processing 
facilities (e.g. R/V Marcus G. Langseth or Seisquest) 

• Secondary vessel (approximately 50 m [150 ft] length): would be used to 
deploy/retrieve seafloor geophones in the shallow water (0-20m) zone (e.g. M/V 
Michael Uhl). 

• Third vessel (approximately 15 m [50 ft] length): would act as a scout boat and 
support vessel for survey craft. 

Survey Vessel Specifications.  The R/V Marcus G. Langseth (Langseth) is currently 
under consideration to be used as the source vessel.  The Langseth would tow the air gun array 
along predetermined lines (Fig. 1-2).  The Langseth would also tow the hydrophone streamers.  
When the Langseth is towing the air gun array as well as the hydrophone streamers, the vessel 
would “fly” the appropriate USCG-approved day shapes and display the appropriate lighting to 
designate the vessel has limited maneuverability.  The turning radius is limited to 5 degrees per 
minute.  Thus, the maneuverability of the vessel is limited during operations with the streamers. 

The Langseth has a length of 71.5 m (235 ft), a beam of 17.0 m (56 ft), and a maximum 
draft of 5.9 m (19.4 ft).  The Langseth was designed as a seismic research vessel, with a 
propulsion system designed to be as quiet as possible to avoid interference with the seismic 
signals.  The ship is powered by two Bergen BRG-6 diesel engines, each producing 3,550 hp, 
which drive the two propellers directly.  Each propeller has four blades, and the shaft typically 
rotates at 750 revolutions per minute (rpm).  The vessel also has an 800 hp bowthruster, which 
is not used during seismic acquisition.  The operation speed during seismic data acquisition is 
typically 7.4 to 9.3 km/h (4.6 to 5.7 miles/h).  When not towing seismic survey gear, the 
Langseth typically cruises at 18.5 km/h (11.5 miles/h).  The Langseth has a range of 25,000 km 
(15,534 miles) (the distance the vessel can travel without refueling). 

Other details of the Langseth include the following: 

• Owner:  National Science Foundation 
• Operator:  Lamont-Doherty Earth Observatory of Columbia University 
• Flag:   United States of America 
• Date Built:  1991 (Refitted in 2006) 
• Gross Tonnage:  3834 
• Accommodation Capacity:  55 including ~35 scientists 

An alternative vessel currently under evaluation is the Fugro Geo-Team vessel 
Seisquest. 
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The Seisquest has a length of 91.6 m (302.3 ft), a beam of 18 m (59.4 ft), and a 
maximum draft of 6.3 m (20.8 ft).  The Seisquest was designed as a seismic research vessel 
with a propulsion system consisting of 1 ducted propeller aft, with a maximum of 4300 kW, 121 
rpm and 2 ducted propellers at frame 70 with a maximum 1000 kW each 360o turnable compass 
thrusters.  The ship is powered by an RR B32:40L8P, 4000 kW, 750 rpm electrical motor.  The 
operational speed during seismic data acquisition is similar to the Langseth and it has a 10.5 
knot cruising speed.  The Seisquest has an operation range of 1,853 km (1,000 nautical miles) 
and has accommodations for up to 50 personnel. 

Other details on the Seisquest include the following: 

• Owner:  Seisquest ANS 
• Operator:  Fugro-Geoteam AS 
• Flag:  Norway 
• Date Built:  1991 (updated 2001) 
• Gross Tonnage:  6,262 

Air Gun Description.  The following discussion is based on air guns currently available 
on board the Langseth.  Final configuration of the air gun array would be based on the 
equipment proposed by the survey contractor, and would be provided upon final selection of the 
contractor.   

During the survey, an array consisting of 18 active air guns, divided into 2 subarrays, 
would likely be used. The array would consist of a mixture of Bolt 1500LL and Bolt 1900LLX 
airguns.  The subarrays would be configured as two identical linear arrays or “strings” (Fig. 1-3).  
Each string would have ten air guns; the first and last air guns in the strings are spaced 16 m 
apart.  Nine air guns in each string would be fired simultaneously (for a total volume of ~3,300 
in3), whereas the tenth is kept in reserve as a spare, to be turned on in case of failure of another 
air gun.  The subarrays would be fired alternately during the survey.  Each of the two subarrays 
would be towed ~140 m behind the vessel and would be distributed across an area of ~12×16 
m behind the primary vessel, offset by 75 m.  The shot interval would be 25 m during the study.  
The firing pressure of the subarrays is 1900 psi.  During firing, a brief (~0.1 s) pulse of sound is 
emitted.  The air guns would be silent during the intervening periods.    
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Figure 1-3.  One linear air gun array or string with ten air guns,  
nine of which would be operating.  

The tow depth of the array would be ~7 m (23 ft).  Because the actual source is a 
distributed sound source (9 air guns) rather than a single point source, the highest sound levels 
measurable at any location in the water would be less than the nominal single point source 
level. In addition, the effective (perceived) source level for sound propagating in near-horizontal 
directions would be substantially lower than the nominal omnidirectonal source level because of 
the directional nature of the sound from the airgun array (i.e. sound is directed downward) .  

Details regarding the proposed 18-Air gun Array (2 Strings) Specifications are as follows: 

• Energy Source:  Eighteen 2,000 psi Bolt air guns of 40-360 in3  
• Source output (downward):  0-pk is 42 bar-m (252 dB re 1 μPa · m); pk-pk is 87 

bar-m (259 dB)  
• Towing depth of energy source:  ~7 m  
• Air discharge volume:  ~3300 in3  
• Dominant frequency components:   0-188 Hz  

The air gun array would be towed at a depth of approximately 7 m (23 ft) and the vessel 
speed during data collection would range from 4 to 5 nautical miles per hour (knots).  The sound 
source would be generated by the discharge of the air guns approximately every 15 to 20 
seconds; discharge interval would, therefore, be between 30 to 50 m (100 and 170 ft) (Figure 1-
4). 
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Figure 1-4.  Typical Air Gun and Streamer Deployment 

Acoustic Measurements.  The following information has been summarized from the 
proposed Marine Geophysical Survey by the R/V Marcus G. Langseth in the Pacific Ocean off 
Costa Rica, (LGL March 2011).  Project-specific modeling results would be submitted upon 
selection of the survey contractor. 

Received sound levels have been predicted by L-DEO in relation to distance and 
direction from the air guns for a larger 36-air gun array with 18 air guns firing (Figure 1-5) and 
for a single 1900LL 40 in3 air gun, which would be used during power downs (Figure 1-6).  The 
maximum relevant depth (2000 m) applicable to marine mammals was used for predicting 
exclusion zones (see below).  

Empirical data concerning propagation distances in deep (~1600 m) and shallow (~50 
m) water were acquired for the 36-air gun, 6600-in3 array during the acoustic calibration study of 
the R/V Marcus G. Langseth in the Gulf of Mexico in 2007-2008 (Tolstoy et al. 2009).  The 
results showed that radii around the array where the received levels were 190, 180, 170, and 
160 dB re 1 μParms varied with water depth.  The L-DEO model does not allow for bottom 
interactions, and thus is most directly applicable to deep water and to relatively short ranges.  

• The empirical data indicated that, for deep water (>1,000 m), the L-DEO model (as 
applied to the Langseth’s 36-air gun array) overestimated the measured received 
sound levels at a given distance (Tolstoy et al. 2009).  However, to be conservative, 
the modeled distances shown in Figure 1-6 for the Langseth’s 18-air gun subarray 
would be applied to deep water areas during the proposed study (Table 1-1).  As 
very few, if any, mammals are expected to occur below 2,000 m, this depth was used 
as the maximum relevant depth.  
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Figure 1-5.  Modeled received sound levels (SELs) from the 18-air gun subarray. 
Received rms levels (SPLs) are expected to be ~10 dB higher. 

(The upper diagram shows port/starboard SEL patterns up to 3,000 m water depth and the 
lower two diagrams show aft/forward and port/starboard SEL patterns up to 10,000 m water depth) 

• Empirical measurements for the Langseth indicated that in shallow water (<100 m), 
the L-DEO model underestimates actual levels.  For the 36-air gun array, the 
distances measured in shallow-water to the 160-190 dB isopleths ranged from 1.7 to 
5.2× higher than the distances in deep water (Tolstoy et al. 2009).  During the 
proposed cruise, the same factors would be applied to derive appropriate shallow-
water radii from the modeled deep water radii for the Langseth’s 18-air gun subarray 
(Table 1-1).   

• Empirical measurements of sounds from the Langseth’s air gun array were not 
acquired for intermediate depths (100-1000 m).  On the expectation that results 
would be intermediate between those from shallow and deep water, a correction 
factor of 1.5× would be applied to the estimates provided by the model for the 18-air 
gun subarray operating in deep water situations to obtain estimates for intermediate-
depth sites (Table 1-1).  
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Figure 1-6.  Modeled received sound levels (SELs) from a single 40-in3 air gun 
operating in deep water, which is planned for use as a mitigation gun during 

the proposed survey. Received rms levels (SPLs) are expected to be ~10 dB higher. 
(The upper and lower diagrams show aft/forward SEL patterns for 80 and 600 m water depths, respectively) 
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Table 1-1.  Predicted RMS Radii (m) 

 

• Empirical measurements for the Langseth indicated that in shallow water (<100 m), 
the L-DEO model underestimates actual levels.  For the 36-air gun array, the 
distances measured in shallow-water to the 160–190 dB isopleths ranged from 1.7 to 
5.2× higher than the distances in deep water (Tolstoy et al. 2009).  During the 
proposed cruise, the same factors would be applied to derive appropriate shallow-
water radii from the modeled deep water radii for the Langseth’s 18-air gun subarray 
(Table 1-1).   

• Empirical measurements of sounds from the Langseth’s air gun array were not 
acquired for intermediate depths (100–1000 m).  On the expectation that results 
would be intermediate between those from shallow and deep water, a correction 
factor of 1.5× would be applied to the estimates provided by the model for the 18-air 
gun subarray operating in deep water situations to obtain estimates for intermediate-
depth sites (Table 1-1).  

Table 1-1 shows the distances at which four root mean square (rms) sound levels are 
expected to be received from the 18-air gun subarray and a single air gun.  The 180- and 190-
dB re 1 μParms distances are the safety criteria as specified by NMFS (2000) and are 
applicable to cetaceans and pinnipeds, respectively.  The 180-dB distance would also be used 
as the exclusion zone for sea turtles, as required by NMFS in most other recent seismic projects 
(e.g., Smultea et al. 2004; Holst et al. 2005a,b; Holst and Beland 2008; Holst and Smultea 
2008).  If marine mammals or turtles are detected within or about to enter the appropriate 
exclusion zone, the air guns would immediately be powered down (or shut down if necessary).  

1.6.3 Nearshore and Onshore Survey Operations 

To collect deep seismic data in water depths that are not accessible by survey vessel, 
seafloor geophones and both offshore and onshore seismic sources will be used.  Onshore 
sources will be either accelerated weight drop (AWD) or VibroseisTM (a tired or tracked vehicle 
with a vibrating device) vehicles.  Areas where these onshore activities would occur are shown 
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as “indents” in the shoreward boundary of the investigation area in Figure 1-1.  Figure 1-7 
shows a schematic diagram of a seafloor geophone deployment.  The actual proposed locations 
for the seafloor geophone lines between Pt. Buchon and Pt. San Luis are shown in Figure 1-8. 

 

Figure 1-7.  Schematic diagram of a seafloor geophone (e.g.  Fairfield nodal Z700) 
deployment 
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Figure 1-8.  Proposed Geophone Lines in Southern Survey Area (Zone 2) 

In addition to providing instrumental coverage of the Shoreline fault zone in shallow 
water areas, the shore perpendicular profiles shown in Figure 1-8 will provide additional cross 
line coverage, allowing construction of “dip lines” from the 3D data acquisition to further improve 
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our resolution of geologic structure in the area.  The seafloor equipment will be in place for the 
duration of the data collection for the offshore 3D high energy seismic surveys plus deployment 
and recovery time.  Figure 1-9 shows an example of a Fairfield Z700 nodal unit.  Additional 
information regarding the geological conditions along these proposed geophone routes and the 
related biological resources is provided in Appendix C. 

 

                                                      
Figure 1- 9.  Fairfield Z700 Seafloor Geophone.  Diameter ~ 15 inches,  

height  6 inches, weight 65 lbs (dry) 40 lbs (wet) 
 

In addition to the offshore sound source (air guns) onshore sound sources would also be 
used to provide additional coverage for the near-shore survey area.  Description of the two 
proposed onshore sound sources are provided below. 

Accelerated Weight Drop.  Nitrogen spring AWD sources produce high energy output 
in a small, safe and robust package and can be mounted on off-road vehicles to reduce impact 
on the terrain.  AWD utilizes a base plate that shields the ground from impact and reduces peak 
ground pressure (<6 psi) for use in environments that prohibit using conventional sources, such 
as VibroseisTM trucks (Figure 1-10).  

 

Figure 1-10.  Typical Accelerated Weight Drop 

Testing of AWD systems indicate that they would not provide sufficient energy to image 
deeper than 4 to 6 km (2.5 to 3.7 mi), and thus AWD alone would not provide a signal that is 
sufficient to image crustal structure to depths of 10 to 15 km (6.2 to 9.3 mi), as required to 
identify and characterize active faults.  Consequently, it would also be necessary to use 
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VibroseisTM sound sources to achieve sufficient signal strength to meet the crustal imaging 
requirements. 

VibroseisTM.  Modern vibrators with improved feedback control electronics are the only 
non-explosive onshore seismic source that provides sufficient energy to meet the Project 
objectives and image to depths of up to 15 km (9.32 mi).  Vehicle-mounted VibroseisTM units 
(Figure 1-11) are the proposed method of source generation and would be utilized to the 
greatest extent possible in accessible areas.  Vibrators can only be used along portions of the 
profile routes with sufficiently wide roads and moderate grades.  

To collect digital data from the proposed sound sources, geophone strings would be 
placed in key areas along the coastline to collect data associated with both the offshore and 
onshore sound sources.  A <500 channel cable-based recording system would only be used 
along roads for real-time quality assurance purposes to verify proper operation of the seismic 
sources (see Figure 1-12).   

 

Figure 1-11.  Typical VibroseisTM unit 

 

Figure 1-12.  Example of the Primary Components of a Cable-based Recording System 
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In addition, the program would eliminate potential environmental impacts of cable-based 
recording systems by using autonomous, nodal, cable-less recording systems (Figure 1-13) that 
would be deployed by foot into the soil adjacent to existing roads, trails and beaches.  The nodal 
systems are carried in backpacks and pressed into the ground at each receiver point and 
following completion of the data collection, each nodal would be removed and reused at the 
next site. 

 

* Includes a 5 inch spike, is 6 inches high, 5 inches in diameter, and weighs 5 lbs. 

Figure 1-13.  Example of an  
Autonomous Wireless Nodal Land Recording System* - Fairfield Zland  

Figure 1-14 depicts the areas of proposed onshore receiver and source lines along the 
Project area; Figures 1-15 through 1-17 provide additional detail on the proposed onshore 
receiver and source lines.  The northern area near Cambria involves only the placement of 
receiver lines which would be used to record sound source data from the offshore seismic 
survey vessel.  The central area along Morro strand, would record both offshore air gun and 
onshore vibrator/AWD data from Los Osos Valley.  The southern area includes onshore areas in 
direct proximity to the offshore survey area as well as the nearshore geophone placements (see 
Figure 1-8).  The southern survey area would include both receiver and source lines. 
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Figure 1-14.  Onshore Source Lines and Receiver Lines 
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Figure 1-15.  Proposed Onshore Seismic Routes, Northern Area 
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Figure 1-16.  Proposed Onshore Seismic Lines, Central Area 
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1.7 PROJECT PERSONNEL AND EQUIPMENT 

1.7.1 Equipment Requirements 

The following vessels and equipment are being evaluated for use in the proposed 
offshore survey.  A listing of the engines and equipment onboard these vessels are provided in 
Appendix I.   

• R/V Marcus G. Langseth  
• M/V Michael Uhl  
• Scout vessel  
• Monitoring aircraft 

The following is a preliminary estimate of anticipated vehicle and equipment needs for 
the proposed seismic surveys.  A listing of the engines and equipment associated with the 
survey equipment are provided in Appendix I: 

• 1 to 2 trucks for transporting seismic equipment to the site 
• 1 to 2 vans for data recording/processing. 
• 1 AWD vehicle for use along unimproved access roads and in rugged terrain. 
• 4 VibroseisTM trucks for surveys along sufficiently wide and moderate graded roads. 
• 1 helicopter for transport of personnel and passive equipment. 

1.7.2 Personnel Requirements 

It is estimated that 73 personnel would be required for the proposed offshore survey 
program, which include: 

• R/V Marcus G. Langseth crew: 55 
• Michael Uhl crew: 5 
• Support divers: 3 
• Scout (MMM) Vessel crew: 4 
• Survey Aircraft: 3 
• Administrative/computer support: 3 

Onshore survey operations are expected to require approximately 40 crew members, 
organized into four to six person teams, who would conduct onshore operations.  In addition, 
biological and cultural resource monitors would accompany each team.  These teams would 
operate at intervals of 0.5 to 3 miles throughout the proposed Project area. 

Crews of troubleshooters (three to five personnel) would repair any line problems that 
may arise during the recording operations. Troubleshooting operations would be done via 
pickup trucks on existing roads or on foot.  Crews would carpool daily to the Project area in the 
morning and return to nearby lodging facilities in the evening.  Approximately 40 crewmembers 
would conduct operations.  No permanent new jobs would be created by the proposed Project. 
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1.8 PROJECT SCHEDULE 

The proposed activities, including mobilization and demobilization, are expected to take 
3 to 4 months to complete with a 24/7 operation or roughly 6 months with daylight only 
operation.  This estimate includes time for instrument deployment, profiling, and instrument 
recovery, and demobilization.  Selection of a survey contractor and equipment is currently 
underway and is expected to be completed in the third quarter of 2011.  The surveys are being 
targeted for September through December 2012 following completion of all required permitting.  

Below is an example schedule for the Project based on the use of the Langseth as the 
primary survey vessel.  Final scheduling will be based on the selected vessel. 

• Mobilization from San Diego to Project Site - 6 days 
• Equipment Deployment - 3 days (offshore geophone deployment also) 
• Pre-activity marine mammal surveys - 3 days (concurrent to equipment 

deployment) 
• Onshore geophone deployment - 7 days 
• Sound Check/Verification - 5 days 
• Seismic Survey - 52 days (Both areas - 24/7 operations) or 150 days (Both 

areas- daylight only operations) 
• Streamer preventative maintenance - estimated 1 day every 14 days of survey 
• Air Gun maintenance - assumes at night during survey 
• Onshore source line sound generation - 7 days 
• Demobilization - 6 days 
• TOTAL: 93 days (for 24/7 operation) or 191 days (for daylight only operation. 

Placement of the onshore receiver lines would be completed prior to the start of offshore 
survey activities and would remain in place until the offshore and onshore source lines can be 
completed. 

1.9 ENVIRONMENTAL COMPLIANCE INSPECTION AND MITIGATION MONITORING  

During marine survey operations, key concerns would be the potential impacts to marine 
wildlife due to exposure to high sound levels associated with the use of the air guns, from direct 
collisions with the survey vessels, or from placement of geophones or cables directly on 
sensitive habitat or species.  PG&E would implement an MWCP that includes measures 
designed to reduce the potential impacts on marine wildlife, particularly marine mammals, from 
the proposed operations.  This program would be implemented in compliance with measures 
developed in consultation with the National Oceanic and Atmospheric Administration Fisheries 
Service (NOAA Fisheries) and would be based on anticipated exclusion and safety zones 
derived from modeling of the selected energy source levels.  These exclusion and safety zones 
would be reviewed in context with Incidental Harassment Authorization (IHA) to be conducted 
by NOAA Fisheries as part of the Project review under the Federal Endangered Species Act 
and Marine Mammal Protection Act. 
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1.9.1 High Energy Seismic Survey Impact Reduction Measures 

Currently, PG&E is working with potential survey contractors to establish anticipated 
energy source levels and associated sound level permutations from the air gun array.  Energy 
levels and associated modeling of sound levels would be used to establish an offshore safety 
zone and exclusion zone for marine mammals and turtles equating to the distances to the 160 
to 180 dB re 1 μPa, respectively.  Once these zones are established, PG&E would implement 
the Marine Wildlife Contingency Plan (see Appendix E) to ensure protection of potential effected 
species.  Measures that may be included in the plan are: 

• Prior to the start of survey operations, aerial surveys would be conducted of the 
entire Project area. 

• Marine mammal observers would be stationed on primary survey vessel, on the 
scout vessel, and on the aircraft. 

• A 15 m (50 ft) scout vessel would be deployed with marine mammal observers to 
monitor marine wildlife within the survey exclusion zone. 

• Ongoing aircraft-based monitoring, with onboard marine wildlife observers, of larger 
safety area would be conducted, if necessary.  

• Use of power up, ramp up, and shutdown procedures would be observed for air gun 
operations. 

• Mitigation air gun would be used during survey turns outside of the 3D survey area 
as well as during shut down or standby periods. 

In addition, the proposed survey timing (September through November) has been 
developed in consideration of the generally lower presences of migrating and summer season 
whales in the Project area. 

1.9.2 Nearshore Geophone Deployment Impact Reduction Measures 

The following measures would be implemented for deployment of the nearshore 
geophones.  Prior to finalizing the inter- and shallow subtidal (to a depth of 10 ft, MLLW) 
alignment of the geophone lines that traverse rocky substrate, a team of diver-biologist would 
survey a 3 m (10 ft) wide corridor centered on the proposed alignment and record the presence 
of any black abalone (Haliotis cracherodii).  The location of each individual black abalone would 
be recorded and marked and the geophone line reoriented to avoid all black abalone by a 
minimum of 3 m (10 ft).  In addition, not more than two days prior to the placement of the 
geophone lines within the rocky inter- and shallow subtidal zone, a team of diver-biologists 
would survey those alignments and follow the procedures discussed above. 

Deployment of geophone lines within rocky substrate in water depths of 3 m (10 ft) or 
less would be completed by divers who would pull the line from a boat and place each 
geophone to avoid any previously-marked or observed black abalone.  If a black abalone that 
had not been previously recorded is observed by the diver during geophone line deployment, 
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the line would be placed at least 3 m (10 ft) away from that location.  The location of all black 
abalone observed during the geophone line deployment would be recorded and included in a 
post-lay report. 
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2.0 EXISTING CONDITIONS 

The Central Coastal California Seismic Imaging Project (Project) would be conducted in 
an area that is predominately located in the nearshore and offshore coastal and marine areas of 
San Luis Obispo County.  The Project area extends along approximately 64 km (40 mi) of 
coastline located generally between the community of Cambria to the north and Avila Bay and 
the community of Avila Beach to the south.  The Project area also includes selected onshore 
areas in the vicinity of the Diablo Canyon Power Plant (DCPP).  Other residential communities 
located in the vicinity of the Project area include the City of Morro Bay and the unincorporated 
communities of Cayucos, Los Osos, Cuesta-by-the-Sea and Baywood Park.  The DCPP is 
located approximately 13 km (8.0 mi) south of Los Osos and approximately 11.3 km (7.0 mi) 
northwest of Avila Beach. 

The Morro Bay and Port San Luis harbors are located in the Project area and provide 
commercial and recreational boating facilities.  Several state park and beach facilities are also 
located in or adjacent to the Project area, including San Simeon, Cayucos, Morro Strand and 
Atascadero State Beaches; Morro Bay State Park and Montana de Oro State Park. 

Major geographical features of the Project area include Point Buchon and Estero Bay.  
The shoreline within the Project area varies, but generally consists of small rock, cobble and 
sand beaches between rocky points backed by low, wave cut bluffs.  In the Estero Bay area, a 
wide sandy beach backed by dunes is present.  Offshore, the seafloor habitats are similar to 
those along the shoreline, with rocky substrate characteristic of areas to 37 m (120 ft) water 
depth off the Point Buchon peninsula and to over 61 m (200 ft) offshore the Montaña del Oro 
State Park south of Morro Bay.  Similar rocky substrate is also present in the subtidal areas off 
Point Estero at the northern edge of the proposed Project area. 

2.1 AIR QUALITY AND METEOROLOGY 

The proposed Project is located in San Luis Obispo County in the South Central Coast 
Air Basin.  Summers are mild and typically characterized by early morning and afternoon fogs.  
Winters are usually cool and wet with the rainy season extending from late November to early 
April.  Airflow plays an important role in the movement and dispersion of air pollutants in the San 
Luis Obispo region.  The speed and direction of local winds are controlled by:  (1) the location 
and strength of the Pacific High pressure system and other global patterns, (2) topographical 
factors, and (3) circulation patterns resulting from temperature differences between land and 
sea. 

During the spring and summer when the Pacific High attains its greatest strength, 
onshore winds from the northwest generally prevail during the day.  As evening approaches, 
onshore winds are reduced, and the wind direction reverses with winds flowing down the coastal 
mountain and valleys to form light easterly breezes.  In the fall, onshore surface winds decline 
and the marine layer becomes shallow, allowing for an occasional reversal to a weak offshore 
flow.  This, along with the diurnal alteration of land-sea breeze circulation, can sometimes 
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produce a "sloshing" effect.  Under such conditions, pollutants may accumulate over the Pacific 
Ocean and subsequently be carried back onshore with the return of sea breezes. 

The United States (U.S.) Environmental Protection Agency has designated all areas of 
the U.S. as having either air quality better than (attainment) or worse than (nonattainment) the 
National Ambient Air Quality Standards (NAAQS).  The NAAQS are federal air quality standards 
established under the Clean Air Act (CAA).  The CAA also mandates that the state submit and 
implement a State Implementation Plan for local areas not meeting those standards.  The plans 
must include pollution control measures that demonstrate how the standards will be met.  “Non-
attainment” areas are further categorized as either: marginal, moderate, serious, severe or 
extreme, depending upon the numerical exceedance of the priority pollutant standard and the 
measures that are in place to reduce these pollutant levels.  These designations are specific to 
the area and the pollutant.  Because the local air basin does not meet State standards for ozone 
(O3) and inhalable particulate matter (PM10), San Luis Obispo County is considered a state 
nonattainment area for those pollutants; however, the air basin is considered to be in attainment 
for PM2.5, CO, NO2, and SO2.  Table 2-1 lists Federal and State attainment status for the San 
Luis Obispo County Air Pollution Control District (APCD) portion of the South Central Coast Air 
Basin. 

Table 2-1.  Federal and State Attainment Status for San Luis Obispo County 
APCD Portion of the South Central Coast Air Basin 

Pollutants Federal Classification State Classification 
O3 (1-hour standard) Classification revoked June 2005 Moderate Nonattainment 

O3 (8-hour standard) Unclassified/Attainment Nonattainment 
PM10 Unclassified Nonattainment 
PM2.5 Unclassified/Attainment Attainment 
CO Unclassified/Attainment Attainment 
NO2 Unclassified/Attainment Attainment 
SO2 Unclassified Attainment 

2.2 BIOLOGICAL RESOURCES 

The proposed Project will be conducted within the nearshore and offshore marine waters 
between Cambria and San Luis Bay, offshore San Luis Obispo County.  Project activities will be 
conducted in both federal and state waters within water depths range from 0 to over 400 m 
(1,300 ft).  The high energy seismic survey program encompasses a total area of approximately 
830 km2 divided between the two primary target areas (Figure 2-1). 
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Figure 2-1.  Proposed Project Survey Area 

2.2.1 Marine Habitats 

The intertidal zone is a dynamic environment characterized in part by daily tidal 
fluctuations (leading to high concentrations of sunlight, and periods of aerial exposure) and 
wave forces.  Organisms residing within the intertidal zone are typified by hardy species that are 
capable of withstanding stresses associated with waves and daily tidal fluxes.  Areas with hard 
substrate within the intertidal zone (i.e., rocky intertidal) can be an area of rich species diversity 
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and abundance.  Hard substrate provides habitat structure and a permanent surface that algae 
and benthic and sessile organisms may attach to, which allows for the establishment of long-
lived complex communities.   

As with the intertidal zone, subtidal areas containing hard substrate typically support a 
wide variety of organisms.  In subtidal areas off the southern California coast where hard/rocky 
substrate is available, giant kelp (Macrocystis pyrifera) communities (i.e., kelp forests) are often 
present.  Kelp forests are an important part of the marine ecosystem in that they provide habitat 
structure and substrate surfaces for many epibiotic, benthic and sessile organisms, and provide 
food, shelter, and nursery habitat for migratory and resident species of fish, marine mammals, 
and invertebrates (Department of the Navy, 2000).   

In regards to non-hard substrate habitats within the subtidal zone, the diversity and 
abundance of species is generally less than those areas with hard substrate.  However, the 
sandy subtidal environments support communities of organisms that are adapted to, and in 
some cases unique to this environment, and as such are important to marine ecosystems.  
Organisms typically found in sandy subtidal environments include, but are not limited to: tube 
worms (Diopatra ornate), sand dollars (Dendraster excentricus), and various species of crabs, 
sea stars, snails, bottom dwelling fishes, etc.   

Thermal effects studies at the DCPP dating back to 1976 have provided an extensive 
database on the existing intertidal and shallow subtidal habitats and biota within the Project 
area, and have described changes in the intertidal and shallow subtidal biological communities 
resulting from thermal discharges within DCPP’s outfall area (Diablo Cove).  The biological 
communities in Diablo Cove mainly differ from those along the surrounding coastline by having 
a higher proportion of warm-tolerant species and fewer cold-tolerant species.  Descriptions of 
the long-term changes can be found in annual monitoring and analysis reports that PG&E has 
submitted to the Regional Water Quality Control Board (Tenera, 2010). 

Tenera (2010) characterizes the regional inter- and subtidal rocky habitats and 
associated biota as: the barren appearance of the splash zone disappears lower in the intertidal 
zone (+1.2 m [+4 ft] MLLW) as algal cover becomes more conspicuous with scattered clumps of 
rockweeds (Fucus and Silvetia) and the turfy red alga Endocladia muricata.  A dominant species 
in the mid- to low intertidal zone is the iridescent red alga (Mazzaella flaccida).  Other abundant 
red algae include hollow branch seaweed (Gastroclonium subarticulatum), grapestone seaweed 
(Mastocarpus papillatus), and Christmas tree seaweed (Chondracanthus canaliculatus).  Surf 
grass (Phyllospadix spp.), a flowering plant, is the dominant plant in the transition zone between 
the low intertidal and the shallow-subtidal.  Surf grass is listed by the California Department of 
Fish and Game (CDFG) as a species of special concern. 

The subtidal algal assemblage is spatially dominated by various species of kelp.  Bull 
kelp (Nereocystis luetkeana) is a common surface canopy-forming kelp along the coast in the 
area of DCPP.  Giant kelp (Macrocystis pyrifera) occurs with bull kelp in semi-exposed areas, 
but tends to be more abundant in calmer water.  A third surface canopy-forming kelp species, 
chainbladder kelp (Cystoseira osmundacea), also occurs with these two kelps, generally in 
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areas shallower than about 10 m (30 ft).  The canopies of all three species develop in the spring 
and become thickest during summer through fall.  Tree kelps (Pterygophora californica and 
Laminaria setchellii) do not reach the surface, but are perennial species that provide subcanopy 
structure less than 1 m (3 ft) off the bottom.  Below the kelp canopies are the lower growing 
foliose, branched, filamentous, and crustose understory species consisting mainly of red and 
brown algae.  Among the red algae, the more common and abundant taxa are articulated 
coralline algae (Calliarthron/Bossiella/Serraticardia complex), and other foliose and branching 
red algae (Cryptopleura spp., Pikea spp., Farlowia spp., Callophyllis spp., Mastocarpus spp., 
and Rhodymenia spp.).  Common brown algae include Dictyoneurum californicum and 
Desmarestia spp. 

According to an remotely operated vehicle (ROV) survey conducted for the Project in 
June 2011, the majority of the seafloor within the potential geophone lines was sediment (either 
coarse or fine sand with sand waves present in areas.  Specific locations were isolated and 
investigated for rocky features.  Habitat within those survey areas ranged from high-relief 
pinnacles and uplifted reefs (maximum estimated elevation is 3 m [19 ft]) to exposed flat 
bedrock with sand channels.  Isolated boulders and larger expanses of boulder habitat are 
present also.  Rock features in water depths of 30 m (100 ft) or less tend to support macrophytic 
algae and deeper features usually have a thin veneer of sediment cover except for occasional 
aggregations of juvenile rockfish, fish are not common on the rock or sedimentary habitat that 
was surveyed.  Characteristic deeper water epibiota include the anemone Metridium senile, 
gorgonian corals, and the feather star (Florometra sp) while shallower features support solitary 
anemones and cup corals (Padre, 2011a).   

A 2007 ROV survey completed for the WorldCom Fiber Optic Cable Project in similar 
water depths approximately 10 km (6 miles) to the north of the Project area provides relevant 
recent data on the biota found at similar depth range and seafloor habitat types as those within 
the Project area.  The survey (Applied Marine Sciences [AMS], 2008, cited in California State 
Lands Commission, 2008) found no macroalgae in water depths greater than 30 m (100 ft), and 
the composition of the epibiota and fish communities varies depending upon substrate type and 
water depth.  Shallower water data provided in the DCPP thermal effects studies, coupled with 
the aforementioned deeper water ROV surveys, provides a general characterization of the 
marine fauna of the region. 

According to biological surveys conducted for the WorldCom Fiber Optic Cable Project 
that is located within the Project area, the seafloor within 4.8 km (3 mi) is predominately 
sediment with rocky substrate that can reach upward by more than 5 m (16 ft).  Approximately 
11.3 km (7 mi) from shore, rocky outcrops can obtain heights of more than 30-30 m (98-115 ft) 
above the seafloor (Morro Group, 1999).   

2.2.2 Invertebrates 

The 2007 ROV survey referenced above also found that in water depths of less than 30 
m (100 ft), characteristic sedimentary macroepibiota include the ornate tube worm (Diopatra 
ornata), cancer crabs (Cancer sp. and C. gracilis)  a sea pen (Stylatula elongata), and three 
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species of seastars (Asterina miniata, Mediaster aequalis, and Pisaster brevispinus).  Common 
sediment-associated fish within these water depths include cuskeels (Chilara sp.), flatfishes 
including sanddabs (Citharichthys sp.), tubesnout (Aulorhynchus flavidus), rockfish (Sebastes 
sp.), and, in the water column, northern anchovies (Engraulis mordax). 

Rocky habitat-associated epifauna found within these water depths of less than 30 m 
(100 ft) include red and purple urchins (Strongylocentrotus franciscanus and S. purpuratus, 
respectively), brown turban snails (Chlorostoma brunnea), Monterey turban snails (C. 
montereyi), top snails (Pomaulax gibberosa and P. undosa), red abalone (Haliotis rufescens), 
giant gumboot chitons (Cryptochiton stelleri), and many smaller species of invertebrates.  
Invertebrate predators included the sunflower seastar (Pycnopodia helianthoides), the giant 
spined seastar (Pisaster giganteus), short-spined seastars (Pisaster brevispinus), rock crab 
(Cancer antennarius), Kellet’s whelk (Kelletia kelletii), octopus (Octopus spp.), and a variety of 
smaller predatory seastars, gastropods, and crustaceans.  The common deposit feeders, 
scavengers, and filter feeders include bat stars (A. miniata), anemones (Anthopleura 
xanthogrammica, A. sola and Epiactis prolifera), cup corals (Balanophyllia elegans), sponges 
(Tethya californica and other encrusting forms), tunicates (Styela montereyensis and the 
encrusting colonial/social tunicates), tube snails (Serpulorbis squamigerus), and brittle stars 
(Ophiothrix spiculata).  Invertebrate grazers include the nudibranchs Phidiana hiltoni and 
Doriopsilla albopunctata. 

In water depths up to 122 m (400 ft), AMS (2008) reports that characteristic sediment-
associated biota of the region included sea pens (Stylatula sp. and S. elongata, Ptilosarcus 
gurneyi, Acanthoptilum sp., and two species of Virgularia), brittle stars (unidentified Ophiuroids 
and Ophinoneris sp.), sea stars (Petalaster [Luidia] foliolata, Rathbunaster californica, and, in 
the inshore portions, P. brevispinus).  Cerianthid and other anemones (Pachycerianthus sp., 
Urticina piscivorus, Urticina sp., and Stomphia coccinea, respectively), cancer crabs including 
the slender crab (C. gracilis) and, octopus (Octopus rubescens) were common to abundant 
within the sedimentary habitat in this water depth range. 

According to photographic stills from hard-bottom substrate at various water depths for 
the WorldCom Fiber Optic Cable Project, invertebrate species from mid-depths of 45-85 m (148-
278 ft) include bryozoans, red gorgonians (Lophogorgia chilensis), and small white colonial 
anemones.  From depths of 45-125 m (148-410 ft), plumose anemone (Metridium giganteum) 
and brittle stars were observed.  Finally, deep water photographic stills from depths of 85-125 m 
(279-410 ft) observed club-tipped anemone (Corynactis californica), feather star (Florometra 
serratissima), and lampshells (Terebratulina) (Morro Group, 1999).  During a benthic field 
survey offshore approximately 6 km (3.7 mi) sediment dwelling organisms were collected, which 
included a high density of bivalves, anemones, echinoderms (sea stars, brittle stars, urchins, 
and sea cucumbers), acorn worms, ribbon worms, and phronids (Morro Group, 1999).  

Four species of abalone, genus Haliotis, have been documented within central California 
marine waters with red abalone (H. rufescens) the most abundant subtidal species.  Due to low 
numbers, commercial fishing for all species ceased in the 1990s and in 2001.  The white 
abalone, H. sorenseni, typically occurring only south of Point Conception, was listed as a 
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federally endangered species in 2001.  The pinto abalone (Haliotis kamtshatkana), a NOAA 
Species of Concern; which is typically found in the intertidal zones within kelp beds north of 
Point Conception.  Lastly, the federally endangered black abalone (Haliotis. cracherodii), which 
may occur in the Project area, is discussed in detail below. 

Black Abalone.  The black abalone is a relatively large prosobranch gastropod mollusk 
ranging from approximately Point Arena in northern California to Bahia Tortugas and Isla 
Guadalupe, Mexico.  Populations of black abalone on offshore Islands, especially those of 
southern California, were particularly large prior to the middle 1980s.  Black abalone occur in 
rocky intertidal and shallow subtidal habitats on exposed outer coasts, where they occur 
primarily in crevice microhabitats and feed preferentially on large drifting fragments of marine 
algae such as kelps.  All forms of legal harvest of black abalone were suspended by the State of 
California in 1993 in response to documentation of population damage caused by withering 
syndrome.  The black abalone was granted endangered species status under the Federal 
Endangered Species Act (FESA) by NOAA NMFS on January 14, 2009. 

2.2.3 Fish 

Fish assemblages along the central California coast are comprised of both year-round 
residents and migratory species.  Although some species may be year-round residents, such as 
northern anchovy (Engraulis mordax), their abundances may fluctuate considerably as new 
cohorts of juveniles migrate inshore or develop from larvae during spring and summer months.  
Substrate composition, wave exposure, depth, and presence of kelp or seagrass often 
determine fish species composition in a particular area.  Within nearshore habitats of the Project 
area, many of the species are demersal types, such as sanddabs (Citharichthys sp.), California 
halibut (Paralichthys californicus), or Pacific staghorn sculpin (Leptocottus armatus) that are 
associated with soft substrates.  Other species such as white croaker (Genyonemus lineatus) or 
barred surfperch (Amphisticus argenteus) inhabit the water column but feed on invertebrates 
living in the substrate.  Still others are restricted mainly to the water column such as anchovy, 
sardine (Sardinops sagax), topsmelts (Atherinidae sp.), striped bass (Morone saxatilis) or white 
seabass (Atractoscion nobilis) where they feed on midwater plankton or other midwater fishes 
(Tenera, 2002).   

Grunion (Leuresthes tenuis) is a member of the silverside family (Atherinidae) that 
utilizes sandy beaches from Monterey Bay to Central Baja California for spawning.  Twice a 
month, at new and full moon between March and early September, grunions come ashore 
during the two or three nights following the highest tide.  Grunion bury their eggs 4 to 5 inches 
below the surface, with maturation occurring in 10 days.  The next spring high tide reaches the 
eggs, induces them to hatch, and carries the larvae offshore where they mature.  Grunion have 
the potential to use the beaches within Estero Bay for spawning and as such may seasonally 
occur within the Project area. 

The 2007 ROV survey also found that in water depths of less than 30 m (100 ft), 
common sediment-associated fish include cuskeels (Chilara sp.), flatfishes including sanddabs 
(Citharichthys sp.), tubesnout (Aulorhynchus flavidus), rockfish (Sebastes sp.), and, in the water 
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column, northern anchovies (Engraulis mordax).  In water depths up to 122 m (400 ft), AMS 
(2008) reports that characteristic sediment-associated fish species include tonguefish 
(Symphurus atricauda), flatfishes including sanddabs (Citharichthys spp.), California halibut 
(Paralichthys californicus), Dover sole (Microstomas pacificus), and English sole (Plueronectes 
[Parophrys] vetulus), eelpouts (Lycodes sp.), poachers (Agonidae), cuskeels, pink surfperch 
(Zalembius rosaceus), hagfish (Eptatretus stouti), and adult and juvenile rockfish (Sebastes 
spp).  Rocky substrate-associated fish species common within 122 m (400 ft) include adult and 
juvenile rockfishes (Sebastes spp.), lingcod (Ophiodon elongatus), cabezon (Scorpaenichthys 
marmoratus) and painted greenling (Oxylibius pictus).  

According to a West Coast Groundfish Bottom Trawl Survey conducted by NOAA 
Fisheries (2008), species caught within the northern or southern HESS project area within the 
depths of 250-334 m (820-1096 ft) include sablefish (Anoplopoma fimbria), rex sole 
(Glyptocephalus zachirus), dover sole (Microstomus pacificus), longnose skate (Raja rhina), 
splitnose rockfish (Sebastes diploproa), stripetail rockfish (Sebastes saxicola), spiny dogfish 
(Squalus acanthias), and unspecified catsharks. 

There is only one listed fish species, the South-Central coast steelhead (Oncorhynchus 
mykiss) that could occur in the vicinity of the Project.  In addition, the cowcod (Sebastes levis) 
and bocaccio (Sebastes paucispinus), could occur in the vicinity of the Project.  These species  
are listed as NOAA Species of Concern.  A description of these species is provided below. 

South-Central California Coast Steelhead.  The south-central California coast Distinct 
Population Segments (DPS) steelhead (Oncorhynchus mykiss) is a federally listed endangered 
species.  Its range extends from the Pajaro River basin in Monterey Bay south to, but not 
including, the Santa Maria River basin near the town of Santa Maria.  Historical data on the 
South-Central California Coast steelhead DPS are sparse.  In the mid-1960s, CDFG (1965, 
cited in NOAA, 2005) estimated that the DPS-wide run size was about 17,750 adults.  No 
comparable recent estimate exists; however, recent estimates exist for five river systems 
(Pajaro, Salinas, Carmel, Little Sur, and Big Sur), indicating runs of fewer than 500 adults where 
previous runs had been on the order of 4,750 adults.   

Cowcod.  The cowcod is a NOAA Species of Concern.  The Cowcod is a rockfish 
species that occurs from Ranger Bank and Guadalupe Island in Baja California to approximately 
Usal, California.  It is a deeper water species occurring at depths from 18 to 365 m (60 to 1,200 
ft).  Cowcod are found over rocky bottoms, particularly around sharp, steep drop-offs.  The body 
of the cowcod are somewhat compressed with a very large head and sharp dorsal spines.  The 
diet of the cowcod includes fish, octopus, and squid.  Juvenile cowcod eat small shrimp and 
crabs.  Like all members of the genus Sebastes, the cowcod gives birth to live young that can 
be less than 12.7 mm (0.5 inch) in length.  The young are free floating when born and may be 
found in shallower water; however, as they grow larger they move to deeper water. 

Bocaccio.  The Bocaccio is a NOAA Species of Concern.  Bocaccio is a rockfish species 
that occurs from Punta Blanca in Baja California to Kruzof Island and Kodiak Island, Alaska.  
One to two year old bocaccios typically travel in loose schools in shallow water.  As they 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

2-9 

increase in age they seek deeper water and move from the surface to closer to the sea floor.  
Adults are commonly found in waters of 76 to 229 m (250 to 750 ft); however they have been 
found at depths of over 305 m (1,000 ft).  The substrate in which it occurs can be irregular with 
hard or rubble bottom.  The diet of bocaccio includes fish, such as surfperch, jack mackerel, 
sablefish, anchovies, sardines, and Pacific mackerel.  However, this species also consumes 
squid, octopus, and crab.  The main hatching period runs from December through April.  The 
newly hatched young are less than 64 mm (0.25 in) in length.  

2.2.4 Turtles 

Several species of sea turtles occur within waters off the California coast; however, three 
species are most likely to occur within the Project area waters:  Pacific Ridley sea turtle 
(Lepidochelys olivacea), leatherback sea turtle (Dermochelys coriacea), and green sea turtle 
(Chelonia mydas).  Overall, populations of marine turtles have been greatly reduced due to 
over-harvesting and loss of nesting sites in coastal areas (Ross, 1982).  All three (Pacific Ridley, 
leatherback, and green) are listed as endangered under the FESA. 

In the eastern Pacific, most of the turtles nest along the coasts of Mexico and Central 
America.  The nesting season or cycle varies greatly between species, but is generally from 
May to September.  Sea turtles breed at sea; and the females return to their natal beaches to 
lay their eggs.  Female turtles can nest several times in a season but at two to three-year 
intervals.  The eggs, after being laid in the sand, hatch in about two months; and the young 
instinctively head for the sea (MFS Globenet Corp./WorldCom Network Services, 2000).  
General distribution and species-specific information is provided in the following paragraphs. 
Turtle population estimates for California or Pacific waters are located in Table 2.2-1.  
Additionally, Table 2.2-1 provides a graphical representation of general occurrence periods for 
turtles that could be present within the Project area. 

Table 2.2-1.  Abundance Estimates for Marine Mammals and Reptiles of California 

Common Name 
Scientific Name Minimum Population Estimate Current Population Trend 

REPTILES 
Cryptodira 

Pacific olive ridley turtle 
Lepidochelys olivacea 

1.39 million 
(Eastern Tropical Pacific)** 

Increasing 

Green turtle 
Chelonia mydas 

3,319 – 3,479** 
(Eastern Pacific Stock) 

Decreasing 

Leatherback turtle 
Dermochelys coriacea 

178 
(California)** 

Decreasing 

Green sea turtle.  Green sea turtles generally occur worldwide in waters with 
temperatures above 20°C (MFS Globenet Corp./WorldCom Network Services, 2000; 
NAWCWPNS Point Mugu Sea Range, 2000).  Green sea turtles have been reported as far 
north as Redwood Creek in Humboldt County and off the coasts of Washington, Oregon, and 
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British Columbia (Channel Islands National Marine Sanctuary, 2000; MFS Globenet 
Corp./WorldCom Network Services, 2000).  The green sea turtle is thought to nest on the 
Pacific coasts of Mexico, Central America, South America, and the Galapagos Islands.  There 
are no known nesting sites along the west coast of the U.S., and the only known nesting 
location in the continental U.S. is on the east coast of Florida (MFS Globenet Corp./WorldCom 
Network Services, 2000;).  Green sea turtles are sighted year-round in marine waters off the 
southern California coast, with the highest concentrations occurring during July through 
September.  Green sea turtles are omnivores, feeding primarily on algae and sea grasses (MFS 
Globenet Corp./WorldCom Network Services, 2000), but also eat fish and invertebrates (e.g., 
sardines, anchovies, jellies, mollusks, worms, etc.) (MFS Globenet Corp./WorldCom Network 
Services, 2000).  Recent minimum population estimates for green sea turtles indicate that at 
least 3,319 individuals are known to occur in the eastern Pacific (NOAA Fisheries and U.S. Fish 
and Wildlife Service (USFWS), 2007).  This population is believed to be increasing (NOAA, 
2008b). 

Olive Ridley sea turtle.  The olive Ridley sea turtle is distributed circumglobally and is 
regarded as the most abundant sea turtle in the world (Eguchi, 2007).  Within the east Pacific, 
the normal range of olive Ridley sea turtles is from Southern California to Peru (NOAA, 2008b).  
However, they have been reported as far north as Washington, Oregon, and are a rare visitor to 
the California coast (MFS Globenet Corp./WorldCom Network Services, 2000).  The olive Ridley 
sea turtle is omnivorous, feeding on fish, crabs, shellfish, jellyfish, sea grasses, and algae 
(Channel Islands National Marine Sanctuary, 2000; MFS Globenet Corp./WorldCom Network 
Services, 2000), and may dive to considerable depths (79 to 300 m [260 to 980 ft]).  Major 
nesting beaches are located on the Pacific coasts of Mexico and Costa Rica (MFS Globenet 
Corp./WorldCom Network Services, 2000; Eguchi, 2007).  The population on Pacific beaches in 
Mexico has declined from an estimated 10 million adults in 1950 to less than 80,000 in 1983 
due to excessive over-harvesting (Channel Islands National Marine Sanctuary, 2000; MFS 
Globenet Corp./WorldCom Network Services, 2000).  Conservation measures, such as 
increased nesting beach protection and closure of the turtle fishery in 1990, have led to a 
dramatic increase in the once largest nesting population in the world.  The number of olive 
Ridley nests has increased from 50,000 in 1988 to over 700,000 in 1994 to more than a million 
nests in 2000 (Márquez et al. 2002).  The eastern tropical Pacific population is estimated at 1.39 
million, which is consistent with the dramatic increases of olive Ridley nesting populations that 
have been reported (Eguchi, 2007).   

Leatherback sea turtle.  Leatherback sea turtles are the most common sea turtle off the 
west coast of the U.S. (NAWCWPNS Point Mugu Sea Range, 2000; Channel Islands National 
Marine Sanctuary, 2000).  Leatherback sea turtles have been sighted as far north as Alaska and 
as far south as Chile (Channel Islands National Marine Sanctuary, 2000; MFS Globenet 
Corp./WorldCom Network Services, 2000; NAWCWPNS Point Mugu Sea Range, 2000).  Their 
extensive latitudinal range is due to their ability to maintain warmer body temperatures in colder 
waters (MFS Globenet Corp./WorldCom Network Services, 2000).  Off the U.S. west coast, 
leatherback turtles are most abundant from July to September.  It has been noticed that their 
appearance off the U.S. west coast is "two pronged" with sightings occurring in northern 
California, Oregon, Washington, and southern California, with few sighting occurring along the 
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intermediate coastline.  In southern California waters, leatherback turtles are most common 
during the months of July through September, and in years when water temperatures are above 
normal.  In January 2010, NOAA submitted a proposal to revise the current habitat for the 
leatherback sea turtle to include the coastal areas between Point Arenas to Point Vicente in 
California. 

Leatherback sea turtles are omnivores, but feed principally on soft prey items such as 
jellyfish and planktonic chordates (e.g., salps) (Channel Islands National Marine Sanctuary, 
2000; MFS Globenet Corp./WorldCom Network Services, 2000).  Recent population estimates 
for the eastern Pacific leatherback sea turtles indicates that at least 178 individuals are known 
to occur off California (Benson et. al., 2007).  This population is believed to be decreasing 
worldwide, however nesting trends on U.S. beaches have been increasing in recent years 
(NOAA, 2008b). 

2.2.5 Avifauna 

Bird abundance and densities are variable and based on breeding seasons, dispersal 
times, and weather changes.  Generally, at-sea marine bird densities are highest in May north 
of Point Conception and are highest in January from Point Conception south.  The high 
southern area seabird density variability is due to the large springtime seabird breeding 
populations on the Northern Channel Islands and the abundance of overwintering birds within 
that area.  However, according to Mason et al. (2007), in the region of Points Conception and 
Arguello, there are almost three times as many seabirds present within that region in January 
than are found in the summer period (May and September).  Generally, birds most common in 
the winter months in the Project area are California gull (Larus californicus), western gull (Larus 
occidentalis), western grebe (Aechmophorus occidentalis), Cassin’s auklet (Ptychoramphus 
aleuticus), and surf scoter (Melanitta perspicillata).  Sooty shearwater (Puffinus griseus), short-
tailed shearwater (Puffinus tenuirostris), western gull, western grebe, surf scoter, and brown 
pelicans (Pelecanus occidentalis) were most abundant in spring, summer, and fall (Mason et al. 
2007).  The increases in over-wintering birds that congregate along the shoreline within the 
Project area contribute to the overall higher abundance in January.  Table 2.2-2 shows the 
seasonal distribution and status of the marine birds that are expected within the Project area.  
Figures 1-1 through 1-11 within Attachment 1 illustrate the historical or current breeding 
colonies near the Project area for species that occur within the Project area.  

The Pacific Flyway is a major migratory route for all bird species that travel from the 
north western US, Canada, and Alaska to southern California and Central America.  The Pacific 
Flyway actually consists of at least two relatively distinct pathways: the mainland route, which is 
primary route that parallels the coast approximately 80 to 160 km (50 to 100 mi) inland, and the 
oceanic route, which is used predominantly by seabirds during their transequatorial migration 
between the North and South Pacific.  A portion of the Pacific Flyway is located off the coast of 
California, but the exact location can vary depending on weather.  Waterbirds tend to fly at 
elevations between 30 and 60 m (100 and 200 ft) above the ocean (Aspen, 2008).  However, 
weather conditions, such as wind and fog, can greatly influence flight altitude.   
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The timing of seasonal migrations can vary; however, the majority of southward 
migration to wintering areas occurs from late September to late December.  The fall migration 
generally occurs over a longer period compared to the spring migration presumably because of 
the variability in the length of time of species egg incubation, and nesting and fledging times of 
birds that breed in the region.  Spring migration normally occurs from February through the 
beginning of June, and the fall migration route of coastal seabirds is usually further offshore 
than that used by the spring migrants (Aspen, 2008).  According to Spear and Ainley (1999), the 
variation in the number of migrants is directly correlated to the sea-surface temperature. 

Special-status bird species that could occur in the Project area are described in detail 
below.  For all species that could occur in the region of the Project area, see Table 2.2-2.  
Special-status species breeding locations are illustrated within Figures 1-1 through 1-7 in 
Attachment 1. 

Black-footed albatross (Phoebastria nigripes).  The black-footed albatross is designated 
as a Bird of Conservation Concern by USFWS.  This is the most abundant albatross along the 
eastern Pacific coast and occurs off California in all months of the year.  It nests on the northern 
Hawaiian Islands, on the U.S. minor outlying islands (Midway, Wake, etc.), and on three outlying 
islands of Japan, and can be seen on those breeding grounds in winter and spring.  After 
breeding, individuals fly across the North Pacific to Alaska, California, Taiwan, and the Bering 
Sea.  This species breeds on beaches and slopes with little or no vegetation.  This albatross 
feeds mainly on squid and on the eggs of flying-fish, although it often follows ships and trawlers, 
picking up debris left in their wake.  This species’ highest occurrence is to the north near 
Monterey Bay in late spring and summer when it arrives after breeding in the North Pacific 
(Mason et al., 2007).  Individuals may migrate down the coastline to the vicinity of the Project 
area in the summer months.   

Short-tailed albatross (Phoebastria albatrus).  The short-tailed albatross is a federally 
listed endangered species.  This species is a large pelagic bird with long narrow wings adapted 
for soaring just above the water surface.  As of 2008, 80-85 percent of the known breeding 
short-tailed albatross use a single colony, Tsubamezaki, on Torishima Island.  The remaining 
population nests on other islands surrounding Japan.  During the non-breeding season, short-
tailed albatross range along the Pacific Rim from southern Japan to northern California, 
primarily along continental shelf margins.  Nests consist of a divot on the ground lined with sand 
and vegetation.  Eggs hatch in late December and January.  The diet of this species is not well 
studied; however, research suggests at sea during the non-breeding season that squid, 
crustaceans, and fish are important prey (USFWS, 2008).  This species is not expected to occur 
in the vicinity of the Project area; however, it could be in California during the non-breeding 
season of fall and early winter. 

Pink-footed shearwater.  The pink-footed shearwater is designated as a Bird of 
Conservation Concern by USFWS and is endemic to Chile, breeding on only three islands.  
After chicks fledge during April and May, the parents migrate northward to spend the non-
breeding season in waters off the coasts of Peru and North America, specifically southern 
California.  This species feeds primarily on fish and squid in offshore waters over the continental 
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shelf, but also in pelagic waters.  This shearwater catches its prey from short dives of less than 
three meters (10 ft); however, it has the ability to dive up to 18 m (60 ft) in depth.  According to 
at-sea range maps from Mason et al., (2007), the pink-footed shearwater has been observed in 
southern California in the months of January, May, and September.  Although, this species was 
seen in southern California in the months during most of the year, it has the highest potential to 
occur in central California in fall and winter. 

Black-vented shearwater. The black-vented shearwater is designated as a “Bird of 
Conservation Concern” by USFWS.  This species is pelagic, occurring in the Pacific Ocean and 
the Gulf of California.  The black-vented shearwater is nocturnal when visiting land.  This 
species breeds on desert islands along the west coast of Baja California, Mexico.  It will nest 
within burrows in sandy substrate or it will drop a single egg in natural rock crevices.  This 
shearwater feeds by plunging from just above the sea surface or submerges from afloat and 
dives to depths of greater than 18 m (60 ft) to catch schooling fish and squid.  This species is 
considered a coastal bird, usually found within 19 km (12 m) from shore (Keitt et al., 2000).  
According to at-sea range maps from Mason et al. (2007), the black-vented shearwater has 
been observed with the highest abundance in fall and winter months in southern California.  
This species is more likely to occur south of Point Conception or to the north, in Monterey Bay; 
however, the highest potential for this species to occur near the Project area is in late summer 
and fall.  

Ashy storm-petrel.  The ashy storm-petrel is designated as a California Species of 
Special Concern.  The ashy storm petrel is a small smoke-gray seabird with a forked tail that is 
only be found on the islands off California and in the waters of the continental slope.  This 
species nests in cavities on offshore islands and moves to and from colonies at night.  Although 
some make short seasonal migrations, generally ashy storm-petrels do not travel significantly 
far from their colonies after breeding, and many birds remain offshore from their breeding 
grounds.  The breeding season for this species extends over most of the year (Shuford and 
Gardali, 2008).  This species breeds on six California Channel Islands (except Santa Rosa and 
San Nicolas).  According to Mason et al. (2007), this species was found around most of the 
Channel Islands with the greatest abundance at Santa Catalina after October, although annual 
and seasonal variations in abundance do occur.  This species has the potential to occur in the 
vicinity of the Project area year-round; however, it is more likely to occur in fall when the species 
makes it northerly migration to the Monterey area (Shuford and Gardali, 2008). 
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Table 2.2-2.  Marine/Coastal/Shore Bird Species Seasonality and Activity Within or Near the Project Area 

Season Activity FAMILY 
Common Name Scientific Name Status1 

Winter Spring Summer Fall Wintering Breeding Migrant 
GAVIIDAE (Loons) 
Arctic loon Gavia arctica M x x  x x   
Common loon Gavia immer M x x   x   
Pacific loon Gavia pacifica M x x   x   
PODICIPEDIDAE (Grebes) 
Clark's grebe Aechmophorus clarkii M x x  x  x  
Western grebe Aechmophorus occidentalis M x x  x x   
DIOMEDEIDAE (Albatrosses) 
Short-tailed albatross Phoebastria albatrus M,FE       x 
Black-footed albatross Phoebastria nigripes M,BCC   x    x 
PROCELLARIIDAE (Shearwaters and Fulmars) 
Northern fulmar Fulmarus glacialis M x   x x   
Parasitic Jaeger Stercorarius parasiticus M  x x x  x  
Sooty shearwater Puffinus griseus M  x x x  x  
Pink-footed shearwater Puffinus creatopus M,BCC    x x   
Black-vented shearwater Puffinus opisthomelas M,BCC    x x   
Buller’s Shearwater Puffinus bulleri M    x x   
HYDROBATIDAE (Storm Petrels) 
Ashy-storm petrel Oceanodroma homochroa M,BCC,CSC   x x  x  
Black-storm petrel Oceanodroma melania M,CSC  x x x  x  
Fork-tailed storm petrel Oceanodroma furcata M,CSC x   x x   
Leach's storm petrel Oceanodroma furcata M   x x x x  
PELECANIDAE (Pelicans) 

California Brown pelican Pelecanus occidentalis 
californicus M,FDL,CP x x x x x x  

PHALACROCORACIDAE (Cormorants) 
Double-crested cormorant Phalacrocorax auritus M,TW x x x x x x  
Pelagic cormorant Phalacrocorax pelagicus M x x x  x x  
Brandt's cormorant Phalacrocorax penicillatus M x x x x x x  
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Table 2.2-2.  (Continued) 

Season Activity FAMILY 
Common Name Scientific Name Status1 

Winter Spring Summer Fall Wintering Breeding Migrant 
ANATIDAE (Swans, Geese, and Ducks) 
Surf scoter Melanitta perspicillata  M x x  x x   
Black Scoter Melanitta nigra M x x  x x   
White-winged Scoter Melanitta fusca M x   x x   
FALCONIDAE (Caracara and Falcons) 

Peregrine Falcon Falco peregrinus M, FP, SE, 
FDL, BCC 

x x x x x x  

CHARADRIIDAE (Plovers) 
Western snowy plover Charadrius alexandrinus 

nivosus M, FT, CSC x x x x x x  

HAEMATOPODIDAE (Oystercatchers) 
Black Oystercatcher  Haematopus bachmani M,BCC x x x x x x  
SCOLOPACIDAE (Sandpipers and Relatives) 
Red-necked phalarope Phalaropus lobatus M  x x x x   
Red phalarope Phalaropus fulicarius M  x x  x   
LARIDAE (Gulls and Terns) 
Heermann's gull Larus heermanni M x   x x x  
Western gull Larus occidentalis M x x x x x x  
Bonaparte's gull Larus philadelphia M  x  x x   
Glaucous-winged Gull Larus glaucescens M   x x x   
California gull Larus californicus M,TW x   x x x  
Black-legged kittiwake Rissa tridactyla M x   x x   
Herring gull Larus argentatus M x   x x   
Sabine's gull Xema sabini M  x x  x  x 
Caspian tern Sterna caspia M x   x x x  
California least tern Sternula antillarum M,FP,FE,SE x   x   x 
Common/artic tern Sterna spp. M    x   x 
Foresters tern Sterna forsteri M x x x x x x  
Elegant tern Sterna elegans M,TW x   x x   
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Table 2.2-2.  (Continued) 

Season Activity FAMILY 
Common Name Scientific Name Status1 

Winter Spring Summer Fall Wintering Breeding Migrant 
ALCIDAE (Auks, Murres, and Puffins) 
Common murre Uria aalge M x x x x x   
Pigeon guillemot Cepphus columba M  x x  x   

Marbled murrelet Brachyramphus 
marmoratus M,SE,FT x   x   x 

Xantus's murrelet Synthliboramphus 
hypoleucus M,FC,ST,BCC x x    x  

Rhinoceros auklet Cerorhinca monocerata M,TW x x  x  x  
Cassin's Auklet Ptychoramphus aleuticus M,CSC,BCC x x x x x x  
Tufted puffin Fratercula cirrhata M,CSC     x x  
Status1 
M = Protected under the federal Migratory Bird Treaty Act (MBTA) FP = California Fully Protected Species 
FE = Federally Endangered BCC = USFWS Birds of Conservation Concern 
FT = Federally Threatened CP = California Fully Protected Species                                  
FDL = Federally Delisted FC = Federal Candidate for Listing 
SE = California State Endangered NSC = NOAA Species of Concern 
ST = California State Threatened TW = California designated taxa to watch 
CSC = California Species of Special Concern  
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Black storm-petrel.  The black storm-petrel is designated as a California Species of 
Special Concern.  This petrel is the largest California storm-petrel and it can be found the 
closest to shore of the storm-petrels.  While at sea, this species feeds on squid, small fish, and 
crustaceans that occur near the surface.  Black storm-petrels nest in desert habitat on small 
rocky islands or the talus slopes of non-mountainous larger islands that are not large enough to 
sustain enough prey to satisfy predatory mammals year-round.  Individuals arrive at their 
nesting colonies in mid-April and breeding occurs from May through October (Shuford and 
Gardali, 2008).  In the Southern California Bight (SCB), storm-petrels breed on Santa Barbara, 
Sutil, San Clemente and Coronado islands, and possibly on Prince Rock (approximately 0.8 km 
[0.5 mi] north of San Miguel Island).  This species has the potential to occur in the vicinity of the 
Project area year-round; however, it is more likely to occur in fall when the species makes it 
northerly migration to the Monterey area (Shuford and Gardali, 2008).   

Fork-tailed storm-petrel.  The fork-tailed storm-petrel is designated as a California 
Species of Special Concern.  In North America, it breeds on the Aleutian Islands and on islands 
along the coasts of British Columbia in Canada and the Pacific Northwest in the United States.  
During the breeding season, fork-tailed storm-petrels nest in colonies on small Pacific islets with 
enough soil to allow burrows to be dug.  They excavate burrows in soil or use natural rock 
crevices, or they may use old burrows.  Storm-petrels flutter low over offshore waves, 
sometimes in flocks, where they pluck food from the water's surface.  Although this species is 
not strongly migratory, dispersal from breeding colonies peaks from late August to early 
September.  Most remain in northern waters all year.  This species has the potential to occur in 
the area of Project area year-round; however, it is more likely to occur in the non-breeding 
season of late fall, winter and early spring (Shuford and Gardali, 2008). 

California brown pelican.  The California brown pelican was formerly listed as "Federal 
Endangered", "California Endangered", and "California Fully-Protected", but has recently been 
taken off of both the state and federal endangered species list due to recovered population 
numbers.  This species forages within estuarine, subtidal, and pelagic waters, and feeds almost 
entirely on fish that are caught by diving from a distance of 6 to 12 m (20 to 40 ft) above the 
water surface.  They are common along the Southern California Coast from June to October 
and can be regularly seen feeding within the offshore and nearshore portions of the Project 
area.  This species annually breeds on two of the Channel Islands (Anacapa and Santa 
Barbara), and irregularly breeds on two other Channel Islands (Santa Cruz and San Miguel).  
This species breeds from March to early August, where it builds nests of sticks on the ground.  
Following the breeding season, individuals leave the breeding colonies and disperse along the 
California and Mexico coastlines, with some small numbers visiting the Salton Sea and 
Colorado River reservoirs (Zeiner, et al., 1990).  This species has the potential to occur in the 
area of Project area year-round; however, it is more likely to occur in the summer and fall 
months. Figure 1-1 within Attachment 1 illustrates this species historical or current breeding 
colonies near the Project area. 

Double-crested cormorant.  The double-crested cormorant is no longer a California 
Species of Special Concern; however, it is currently listed by California as Taxa to Watch.  This 
species formerly bred on coastal cliffs and offshore islands along the coast from Marin County 
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south to La Jolla, San Diego County, and in the interior in northeastern California, the 
Sacramento Valley, the San Joaquin Valley, and the Salton Sea.  However, coastal breeding 
populations counted in 2008 were in decline from previous estimates in 2001-2003 (USGS, 
2010a).  This species nests in colonies in nests built in trees and shrubs and on the ground of 
rocky cliffs and islands.  Prey consists of fish and marine invertebrates from the water’s surface.  
This species has the potential to occur in the area of Project area year-round. Figure 1-2 within 
Attachment 1 illustrates this species historical or current breeding colonies near the Project 
area. 

American peregrine falcon.  The American peregrine falcon is a state-listed Endangered 
species.  This species has been federally delisted but is still federally protected and also a 
USFWS Birds of Conservation Concern.  Peregrine falcon is a very uncommon breeding 
resident, and uncommon as a migrant.  It breeds mostly in woodland, forest, and coastal 
habitats, near wetlands, lakes, rivers.  Nests are scrapes or depressions on high cliffs, ledge, 
banks, dunes, mounds, but will sometimes use man-made structures, trees, or old raptor nests.  
Nests are situated in areas inaccessible to land predators, and usually near large prey 
population like coastal areas or wetlands with large breeding populations of birds (Zeiner, et al., 
1990).  In winter, peregrine falcons are found throughout the central valley of California, and 
occasionally on the Channel Islands.  Riparian areas and coastal and inland wetlands are 
important habitats yearlong, especially in non-breeding seasons.  Breeding activity begins as 
early as February with pair bonding and territory reestablishment.  The young fledge in June 
and July, but usually remain in the territory until late August (Zeiner, et al., 1990).  Peregrine 
falcon nesting sites have been documented within the Project area.  One known nesting site is 
located on Morro Rock.  Two pairs of peregrine falcons have been known to occur within PG&E 
DCPP property year-round.  Both pairs have been observed nesting in subsequent years on 
offshore rocks near DCPP (PG&E, 2009). 

Western snowy plover.  The estern snowy plover is designated as "Federal Threatened", 
and "California Species of Special Concern".  This subspecies of snowy plover occurs on 
coastal beaches from Washington to Baja California and they require sandy, gravelly or friable 
soil substrate for nesting.  This species is usually present at nesting sites, which consist of sand 
beaches and dunes, from April through August.  Snowy plover nests consist of a shallow 
depression, which is either surrounded with driftwood, rocks, or bushes or it may be entirely in 
the open (Zeiner et. al 1990).  Western snowy plover are preyed upon by gulls, ravens, coyotes, 
and skunks.  This species relies on camouflage for cover, and often crouches motionless on 
sandy substrate (Zeiner et. al 1990).  During the breeding season, adults generally do not 
wander far from the nest (Zeiner et. al 1990).  Western snowy plover feed by gleaning insects 
and amphipods from the dry sand of upper beaches, and may occasionally forage in wet sand 
for sand crabs.  Snowy plovers can be found in the vicinity of the Project area year-round. 
CDFG designated western snowy plover habitat is located at Avila Beach approximately 11.25 
km (7 mi) southeast of the Project area (CNDDB, 2011). The nearest recorded occurrence of 
the species is located at Pismo Beach, approximately 19.3 km (12.5 mi) southeast of DCPP 
(CNDDB, 2011).  A-3 illustrates this species current nesting areas and designated habitat within 
and near the Project area. 
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Black oystercatcher. The black oystercatcher is a USFWS Birds of Conservation 
Concern.  It is a permanent resident on rocky shores of marine habitats along most of the 
California coast, and adjacent islands.  Concentrations of this species are high on islands with 
34 percent of the population occurring on the Channel Islands.  The species is more common in 
northern and central California coast with rare occurrences on the mainland coast south of Point 
Conception.  The black oystercatcher feeds in rocky intertidal areas for mussels, limpets, and 
crabs.  The species typically feeds during low tides and roosts during high tides.  Egg laying is 
initiated in May with the majority of the chicks fledged by late September (Zeiner et al. 1990).  
This species has the potential to occur in the vicinity of the Project area year-round.  Breeding 
occurrences have been recorded immediately north and south of DCPP.  Figure 1-4 within 
Attachment 1 illustrates this species historical or current breeding colonies near the Project 
area. 

California gull.  The California gull is no longer a California Species of Special Concern; 
however, it is currently listed by California as Taxa to Watch.  This species is an abundant 
visitor to coastal and interior lowlands during the non-breeding season (mid-August to mid-
April), and may be found in a variety of local habitats including: sandy beaches, mudflats, rocky 
intertidal, pelagic areas, fresh and saline emergent wetlands, lakes, rivers, cropland, landfills, 
and open lawns within urban areas.  This omnivorous species feeds on garbage, carrion, 
earthworms, insects (adults and larvae), brine shrimp, and young birds.  This species nests in 
colonies of alkali and freshwater lacustrine habitats east of the Sierra Nevada and Cascades 
ranges and also the San Francisco Bay area (Zeiner et al., 1990).  This species is most likely to 
occur near the Project area in fall and winter before it makes its return flight to its breeding 
grounds to the north.   

Elegant tern.  The elegant tern is no longer a California Species of Special Concern; 
however, it is currently listed by California as Taxa to Watch.  This species may be found at 
coastal areas from Humboldt County south to Baja California, Mexico.  It congregates on 
beaches and tidal flats when not feeding, and forages primarily within shallow ocean waters 
beyond the surf zone.  Primary prey consists of fish.  This species was initially a rare and 
irregular post-nesting visitor to California, but numbers have been increasing since the 1950s, 
and large flocks can now be seen.  Breeding primarily occurs in Mexico and in extreme southern 
California.  During 1959, a colony was established at San Diego Bay and this colony has 
persisted, and may have facilitated the species’ range extension into the central coast of 
California (Zeiner, et al., 1990). This species breeds in southern California and the San 
Francisco Bay area and has the highest potential to occur near the Project area in fall and 
winter when individuals are dispersing from their breeding grounds. 

California least tern.  The California least tern is a state and federally listed Endangered 
species that may occur from the San Francisco Bay southward to Baja California during the 
breeding seasons, but over-winters in southern Mexico and Central America.  It breeds primarily 
on sandy coastal beaches, estuary, lagoons, bays, and along freshwater lakes and ponds near 
the coast.  It is primarily a colonial nester, but solitary nesting does occur.  California least tern 
feed on small fish, crustaceans, and insects.  They forage by hovering over nearshore, shallow 
waters and diving or dipping onto the surface of the water to catch prey.  Fall migration begins 
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the last week of July and first week of August (USFWS, 2006).  This species is could possibly 
occur in the southern portion of the Project area where two active breeding colonies have been 
documented.  Figure 1-5 within Attachment 1 illustrates this species historical or current 
breeding colonies near the Project area.  

Xantus’s murrelet.  The Xantus’s murrelet is listed as California Threatened species and 
is a candidate for federal listing.  This small black and white seabird nests on fewer than 10 
islands in southern California and Baja Mexico.  The remaining global population is estimated at 
between 5,000 and 11,500 birds and is concentrated around 13 islands or groups of islands 
during the breeding season.  The U.S. population is estimated between 2,500 and 2,800 
breeding birds with a breeding population located on the Channel Islands, south of the Project 
area.  The species typically nests in crevices, caves, under large rocks, on steep cliffs and 
canyons of offshore islands.  The nesting period extends from February through July, but may 
vary depending on food supplies (Audubon Watchlist, 2007).  According to Mason et al. (2007), 
observations made between 1999 and 2001, indicate that greatest densities during the month of 
May were near Santa Barbara Island and Anacapa Island and north of Point Conception along 
the coast.  Therefore, this species could be found throughout the year within the vicinity of the 
Project area, with the most likely occurrences during the early summer, particularly in May, 
during the northerly migration period or winter months prior to the breeding season.  

Marbled murrelet.  The Marbled murrelet is a federally listed Threatened species and a 
California listed Endangered species that occurs in Washington, Oregon, and California.  It is a 
small sea bird that spends most of its life in the nearshore marine environment, but nests and 
roosts inland in low-elevation old growth forests, or other forests with remnant large trees.  It is 
generally confined to the marine fog belt near the coast.  Nesting generally occurs in the marine 
fog belt within 40 km (25 mi) of the coast in coast redwood, Douglas fir, western red cedar, 
western hemlock, and Sitka spruce forests.  The species nests from Washington to central 
California in the Monterey Bay area.  This bird is rare in southern California and is only found in 
the non-breeding season (late fall, winter, and early spring) as far south as Santa Barbara 
County (U.S. Navy, 2008).  The marbled murrelet would only occur as a fall/winter migrant 
within or near the area of the Project. 

Cassin’s auklet.  Cassin’s auklet is designated as a California Species of Special 
Concern and Bird of Conservation Concern by USFWS.  Cassin’s auklets are widely distributed 
in the Pacific Ocean, breeding from the Aleutian Islands, Alaska, to central Baja California, 
Mexico.  When its prey (small crustaceans, squid, and fish) is abundant, these birds often 
gather in large flocks.  The breeding season varies from late fall through winter in Baja 
California, but in early to mid-summer in Alaska.  In May, birds were concentrated in northwest 
Santa Barbara Channel and north of Point Conception, reflecting a northward dispersal of SCB 
breeders (Adams et al., 2004).  In September, most Cassin’s auklets were observed north of 
Point Conception.  This species could be in the area of the Project  year-round; however, it is 
more likely to occur in the non-breeding season of late fall and winter when the local population 
would also include migrants from British Columbia (Shuford and Gardali, 2008).   
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Rhinoceros auklet.  The rhinoceros auklet is currently listed by California as Taxa to 
Watch.  This species breeds from the Aleutian Islands, Alaska to San Miguel Island (northern 
Channel Islands).  The rhinoceros auklet has a bright orange-yellow bill with a whitish horn, 
which is a diagnostic feature of the species.  They often feed close to shore, especially where 
tidal currents near islands create upwellings and concentrations of food.  This species breeds in 
burrows within grass, shrubs, or trees, as long as there is enough soil for the birds to burrow.  
This species can be present off the coast of central California in ocean waters year-round; 
however, it was most abundance in the are of the Project in the non-breeding winter months. 
Figure 1-6 within Attachment 1 illustrates this species historical or current breeding colonies 
near the Project area. 

Tufted puffin.  The tufted puffin is designated as a California Species of Special 
Concern.  Tufted puffins can be found throughout the northern Pacific Ocean and they have 
recently recolonized southern California where they had not nested since the early 1900s.  The 
largest tufted puffin populations occur along the west coast of the Olympic Peninsula, 
Washington, but their status there is not well known.  They nest in burrows at the edges of cliffs, 
on grassy slopes, or in natural crevices in rocks.  Migratory patterns are not well known, but 
tufted puffins are less likely to be seen nearshore in winter than in the breeding season.  They 
are probably the most pelagic of the alcids during their non-breeding season, with many birds 
wintering 97 to 193 km (60 to 120 mi) offshore.  This species was discovered breeding on 
Prince Island (northern Channel Islands) in 1991.  This species has the potential to occur in the 
area of the Project  year-round; however, it is more likely to occur in the non-breeding season of 
late fall, winter and early spring (Shuford and Gardali, 2008). Figure 1-7 within Attachment 1 
illustrates this species historical or current breeding colonies near the Project area. 

2.2.6 Marine Mammals  

The marine mammals recorded along the central California coast include 21 cetaceans 
(whales, dolphins, and porpoises), five pinnipeds (seals and sea lions), and one fissiped.  
Seasonal abundances of these taxa vary with pinnipeds and some dolphins being considered 
year-round residents, while others migrate through the area (i.e. gray whales [Eschrichtius 
robustus]) or are most common during specific months (i.e. blue whales [Balaenoptera 
musculus] and humpback whales [Megaptera novaengliae] are most abundant in the summer 
months).  Within the Project area permanent residents and migrants could be expected.  

The animals shown in Table 2.2-3 are marine mammals that are known to occur in the 
marine waters of California.  Table 2.2-4 provides a graphical representation of general 
occurrence periods for marine mammals that could be present within the Project area.  It is 
important to note that, where seasonal differences occur, individuals may be found within the 
area during the “off” season.  The “presence/absence” range shown below in Table 2.2-4 
reflects a general characterization of seasonal abundance that has been developed over 
several decades of data collection. 
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Table 2.2-3.  Abundance Estimates for Marine Mammals of California 

Common Name 
Scientific Name Minimum Population Estimate Current Population Trend 

MAMMALS 
Mysticeti 

California gray whale 
Eshchrichtius robustus 18,017 Fluctuating annually 

Fin whale 
Balaenoptera physalus 2,624 Increasing off California 

Humpback whale 
Megaptera novaeangliae 1,878 Increasing 

Blue whale 
Balaenoptera musculus 

2,046 
(U.S. west coast) 

Unable to determine 

Minke whale 
Balaenoptera acutorostrata 202 No long-term trends suggested 

Northern right whale 
Eubalaena japonica 17 (based on photo-identification) No long-term trends suggested 

Sei whale  
Balaenoptera borealis 83 No long-term trends suggested 

Odontoceti 
Short-beaked common dolphin 
Delphinus delphis 343,990 Unable to determine 

Dall’s porpoise 
Phocoenoides dalli 32,106 Unable to determine 

Pacific white-sided dolphin 
Lagenorhynchus obliquidens 21,406 No long-term trends suggested 

Risso’s dolphin 
Grampus griseus 4,913 No long-term trends suggested 

Northern right whale dolphin 
Lissopelphis borealis 6,019 No long-term trends suggested 

Long-beaked common dolphin 
Delphinus capensis 17,127 Unable to determine 

Bottlenose dolphin 
Tursiops truncatus 

684 
(290 in Coastal California population) 

No long-term trends suggested 

Sperm whale 
Physeter macrocephalus 751 No long-term trends suggested 

Short-finned pilot whale 
Globicephala macrorhynchus 465 No long-term trends suggested 

Killer whale 
(Orcinus orca) 

85 (eastern North Pacific southern 
resident stock) 

354 (eastern North Pacific offshore 
stock) 

Declining 
 

No long-term trends suggested 

Pinnipedia 
California sea lion 
Zalophus californianus californianus 141,842 Unable to determine; increasing in most 

recent three year period 
Northern elephant seal 
Mirounga angustirostis 74,913 Increasing 

Pacific harbor seal 
Phoca vitulina richardsi 

31,600 
(California population) 

Stable 

Northern fur seal 
Callorhinus ursinus 5,395 (San Miguel Island stock) Increasing 

Guadalupe fur seal 
Arctocephalus townsendi 

3,028 (Mexico stock) 
Undetermined in California 

Increasing 

Northern (Steller) sea lion 
Eumetopias jubatus 

2,479 
(California population) 

Decreasing 

Fissipedia 
Southern sea otter 
Enhydra lutris nereis 2,711* Unable to determine 

Estimates provided by National Marine Fisheries Service (NOAA Fisheries 2011) 
* Estimate provided by USGS (2010b) 
** Estimates provided by NMFS (2004, Marquez, et al. (2002), Eguchi et al. (2007), Benson et al. (2007), and NMFS (2007).  

Estimates are based on number of current numbers of nesting females. 
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Table 2.2-4.  Marine Wildlife Species and Periods of Occurrence 

Month of Occurrence Family 
Common Name J F M A M J J A S O N D 
REPTILES 
Cryptodira 

Olive Ridley sea turtle (T)(2)             
Green sea turtle (T)(2)             
Leatherback sea turtle (E)(2)             

MAMMALS  
Mysticeti 

California gray whale             
Blue whale (E)             
Fin whale (E)             
Humpback whale (E)             
Minke whale              
Sei whale             
Northern right whale (E)             

Odontoceti 
Short-beaked common dolphin             
Dall’s porpoise             
Harbor Porpoise             
Long-beaked common dolphin             
Pacific white-sided dolphin             
Risso’s dolphin             
Short-finned pilot whale             
Bottlenose dolphin             
Northern right whale dolphin             
Killer Whale             

Pinnipedia 
Northern fur seal(3)             
California sea lion              
Northern elephant seal(4)             
Steller sea lion (T)             
Pacific harbor seal             

Fissipedia 
Southern sea otter (T)(5)             

(E) Federally listed endangered species. 
(R) Rare species. 
(T) Federally listed threatened species. 
(1) Where seasonal differences occur, individuals may also be found in the “off” season.  Also, depending on the species, the 

numbers of abundant animals present in their “off” season may be greater than the numbers of less common animals in their 
“on” season. 

(2) Rarely encountered, but may be present year-round.  Greatest abundance during July through September.  
(3) Only a small percent occur over continental shelf (except near San Miguel rookery, May-November). 
(4) Common near land during winter breeding season and spring molting season. 
(5) Only nearshore (diving limit 100 feet).  
Sources:  Bonnell and Dailey (1993), NOAA Fisheries (2009), National Centers for Coastal Ocean Science (NCCOS) (2007) 

Relatively uniform distribution  Not expected to occur  More likely to occur due to seasonal distribution  
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Pacific harbor seal, California sea lion, and Steller sea lions have haul-out and rookery 
sites within or in close proximity to the Project area.  Figures 1-12 through 1-14 within 
Attachment 1 shows the locations of the documented pinniped haul-out and rookery areas 
between Cambria and Point Sal (NCCOS, 2007; NOAA Fisheries, 2011; Chambers Group, 
2001; MBNEP, 2000).   

During recent surveys within the Project area, commonly observed species included; 
gray whale, humpback whale, minke whale , killer whale, common bottlenose dolphin, California 
sea lion, Dall’s porpoise, blue whale, Pacific harbor seal, elephant seal, southern sea otter, and 
Risso’s dolphin (Padre, 2011b; Tenara, 2007; Tenera, 2008). 

Cetaceans (Whales, Dolphins, and Porpoises) 

Mysteceti.  Three families of mysticetes, or baleen whales, occur in central California 
waters.  Species include the gray whale, the northern right whale, and members of the rorquals 
family (Balaenopteridae).  Rorquals are characterized as having pleated throats that expand to 
take in water, which is then strained outward through the baleen.  Rorqual species include:  blue 
whale, fin whale, humpback whale, and minke whales. 

Although individual species’ patterns vary, baleen whales range widely in the North 
Pacific, migrating between coldwater summer feeding grounds in the north and winter calving 
grounds in the south (Bonnell and Dailey, 1993).  The mating season generally begins during 
the southbound migration and lasts through winter.  Most baleen whales feed low on the food 
chain, eating a variety of swarming, shrimp-like invertebrates (Bonnell and Dailey, 1993).  Some 
species also take small schooling fishes and squid.  Larger rorquals, such as the blue whale, 
appear to feed mainly on large crustaceans, while the diets of smaller baleen whales tend to 
include more fish. 

Due to the offshore nature of the proposed Project, several species of the mysticetes, 
which occur offshore central California, have the potential to occur within the Project area, or to 
be encountered by vessels traveling to the Project area.  The species with the highest potential 
to be encountered during Project activities are detailed below: 

Gray whale.  The gray whale population breeds and calves in lagoons along the west 
coast of Baja California and in the Gulf of California in the winter (Rice and Wolman, 1971).  At 
the end of the season, the population begins an 8,000 km (5,000 mi) coastal migration to 
summer feeding grounds to the north.  Migrating gray whales generally travel within 3 km (1.86 
mi) of the shoreline over most of the route, unless crossing mouths of rivers and straits (Dohl et 
al., 1983).  The southward migration generally occurs from December through February and 
peaks in January.  The northward migration generally occurs from February through May in the 
study area; it peaks in March.  The most recent population estimates of eastern North Pacific 
gray whale indicated that approximately 18,017 individuals are known to occur (NOAA Fisheries, 
2011). .The gray whale population growth rate was about 3.3 percent per year between 1968 
and 1988 (NOAA, 1993), and following three years of review, was removed from the 
endangered species list on June 15, 1994. Gray whales were observed regularly from late 
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summer through winter of 2010 during marine mammal monitoring events within or near Project 
area waters (Padre, 2011b). 

Humpback whale.  The humpback whale is considered an endangered species, due to 
intensive historical commercial whaling.  Humpbacks are distributed worldwide and undertake 
extensive migration in parts of their range (Leatherwood et al., 1982; NOAA Fisheries, 1991a).  
The population in the Project area is referred to as the eastern Northern stock, which spends 
the winter/spring months in coastal Central America and Mexico for breeding and calving and 
migrate to the coast of California to southern British Columbia in summer/fall to feed (NOAA 
Fisheries, 2009).  The humpback whales are distributed mostly over shelf and slope habitats 
and are more frequently sighted off central California from March through November, with peaks 
in the summer and fall (NCCOS, 2007).  Migrants passing through central California appear to 
follow a more inshore path than blue or fin whales (Bonnell and Dailey, 1993).  The most recent 
population estimates of humpback whale indicate that at least 1,878 individuals are known to 
occur off California, Oregon, and Washington (NOAA Fisheries, 2010).  This population 
estimate is anticipated to be increasing (NOAA Fisheries, 2011).  Humpback whales were 
observed on multiple occasions from late summer through winter of 2010 during marine 
mammal monitoring events within or near Project area waters (Padre, 2011b) 

Blue whale.  The blue whale is considered a federally listed endangered species due to 
intensive historical commercial whaling.  Blue whales are distributed worldwide in circumpolar 
and temperate waters, and inhabit both coastal and pelagic environments (Leatherwood et al, 
1982; Reeves et al., 1998a).  Like most baleen whales, they migrate between warmer waters 
used for breeding and calving in winter and high-latitude feeding grounds where food is plentiful 
in the summer.  The most recent estimates of blue whale indicate that at a minimum of 2,046 
individuals are known to occur off the U.S. west coast (NOAA Fisheries, 2011). 

Minke whale.  Minke whales are a coastal species that are widely distributed on the 
continental shelf throughout the eastern North Pacific (Green et al., 1989) and occur year-round 
off the coast of California.  This species favor shallow water and venture near shore more often 
than other baleen whales (Watson, 1981), and they seem to be curious about shipping and 
approach moving vessels.  The most recent estimates of minke whales indicate that at least 202 
individuals are known to occur off California, Oregon, and Washington and no long-term trend 
for the population has been identified at this time (NOAA Fisheries, 2011).  Two minke whales 
were observed from late summer through winter of 2010 during marine mammal monitoring 
events within or near Project area waters (Padre, 2011b). 

Northern right whale.  The northern right whale is considered federally endangered due 
to intensive historical commercial whaling.  Like other baleen whales, right whales appear to 
migrate from high-latitude feeding grounds toward more temperate waters in the fall and winter, 
although the location of seasonal migration routes is unknown (Scarff, 1986).  The usual 
wintering ground of northern right whales extended from northern California to Washington, 
although sightings have been recorded as far south as Baja California and near the Hawaiian 
Islands (Scarff, 1986; Gendron et al., 1999).  Estimates of the regional population are not 
available; however, in 2002, two of the 13 individuals observed between 1999 and 2001 were 
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“re-observed” (NMFS, 2008a).  It is believed that the population is between 100 to 200 
individuals (Braham, 1984).  Photographic recapture rate population estimates for this species 
remain low, with only 17 individuals being photographed (NOAA Fisheries, 2011).  No long-term 
population trends have been determined at this time (NOAA Fisheries, 2011).  

Fin whale.  The fin whale is considered a federally endangered species due to a severe 
worldwide population decline due to intensive commercial whaling.  The most recent estimates 
of the fin whale population indicate that at least 2,624 individuals are known to occur off 
California, Oregon, and Washington (NOAA Fisheries, 2011). .There is some evidence that 
recent increases in fin whale abundance have occurred in California waters (Barlow, 1994; 
Barlow and Gerodette 1996, NOAA 2005), but these have not been significant (Barlow et al., 
1997). 

Sei whale.  The sei whale is considered a federally endangered species.  Sei whales 
were historically abundant off of the California coast and were the fourth most common whale 
taken by California coastal whalers in the 1950s-1960s but, due to intensive whaling, they are 
now considered “extraordinarily” rare (NOAA Fisheries, 2011; Allen et al., 2011).  The most 
recent estimates of the sei whale northern Pacific stock population indicate that at least 83 
individuals are known to occur off California, Oregon, and Washington (NOAA Fisheries, 2011).  
Sei whales occur throughout most temperate and subtropical oceans of the world.  The northern 
Pacific stock rarely ventures above 55o N or south of California (Allen et al., 2011).  Like most 
baleen whales, they migrate between warmer waters used for breeding and calving in winter 
and high-latitude feeding grounds where food is plentiful in the summer.  The northern Pacific 
stock ranges almost exclusively in pelagic waters and rarely ventures into coastal waters (Allen 
et al., 2011). 

Odontoceti.  Odontocetes, or toothed whales, which are commonly found in the central 
California waters, include:  the sperm whale, several species of dolphins, porpoises, and small 
whales, and at least six species of beaked whale.  With the exception of killer whales, which are 
the top predators in the ocean and feed on a wide variety of fishes, squid, pinnipeds, and 
cetaceans, odontocetes generally feed on schooling fishes and squid (Bonnell and Dailey, 
1993).  Major fish prey species include anchovy, mackerel, lanternfish, smelt, herring, and 
rockfishes.  Octopus and crustaceans are also eaten on occasion. 

Due to the offshore nature of the proposed Project, several of the odontocetes that exist 
within central California waters have the potential to occur within the Project area, or to be 
encountered by vessels traveling to the Project area.  The species with the highest potential to 
be encountered during Project activities are discussed below. 

Common Dolphins.  Common dolphins are found worldwide and are the most abundant 
cetaceans in California waters (Bonnell and Dailey, 1993).  Two recognized species of common 
dolphin are found in central California waters.  The long-beaked common dolphin (Delphinus 
capensis) is commonly found within about 90 km (55 mi) from the coastline.  Its relative 
abundance changes both seasonally and inter-annually, with the highest densities observed 
during warm water events (Heyning and Perrin, 1994).  A recent population estimate for this 
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species is about 17,127 (NOAA Fisheries, 2011).  The more numerous short-beaked common 
dolphin (D. delphis) ranges from the coast to 550 km (340 mi) offshore.  The most recent 
estimates indicate the California-Washington population of this species to be 343,990 
individuals making it the most abundant cetacean off California (NOAA Fisheries, 2011).  
California common dolphins are very gregarious and are frequently encountered in herds of 
1,000 or more.  Because populations tend to vary with water temperature, no long-term 
population trends have been determined at this time (NOAA Fisheries, 2005).  Common 
dolphins were observed regularly from late summer through winter of 2010 during marine 
mammal monitoring events within or near Project area waters (Padre, 2011b). 

Dall’s porpoise.  Dall’s porpoise is one of the most abundant small cetaceans in the 
North Pacific and are found in shelf, slope, and offshore waters throughout their range (Koski et 
al., 1998).  The Dall’s porpoise is found year-round throughout the Project area (NCCOS, 2007).  
Dall’s porpoise feeds mostly on Pacific hake (Merluccius productus), northern anchovy 
(Engraulis mordax), Pacific saury (Cololabis saira), juvenile rockfish (Sebastes spp), and 
cephalopods (NCCOS, 2007).  The most recent population estimates indicate that at least 
32,106 individuals are known to occur off California, Oregon, and Washington (NOAA Fisheries, 
2011).  The population trend for this species has not yet been determined (NOAA Fisheries, 
2011).  Ten Dall’s porpoises were observed from late summer through winter of 2010 during 
marine mammal monitoring events within Project area waters (Padre, 2011b). 

Harbor porpoise. Harbor porpoise are found in coastal and inland waters from Point 
Conception, California to Alaska and across to Kamchatka and Japan.  The harbor porpoise 
occurs year-round off of central California, mostly in the coastal ocean, and occasionally in 
bays, harbors and estuaries (NCCOS, 2007).  The most recent population estimates for the 
harbor porpoise Morro Bay stock indicate that at least 1,478 individuals are known to occur in 
California between Cambria and Point Conception (NOAA Fisheries, 2011).  The population 
trend is increasing for this species (NOAA Fisheries, 2011).  Harbor porpoises were observed 
regularly while transiting to the Project area from late summer through winter of 2010 (Padre, 
2011b). 

Pacific coast white-sided dolphin.  Pacific coast white-sided dolphins primarily range 
along the coasts of California, Oregon, and Washington.  This species frequents deep water 
foraging areas, but may move into nearshore areas in search of prey.  Analysis of sighting 
patterns suggest that Pacific coast white-sided dolphins make north-south movements, 
occurring primarily off California in cold water months and moving northward to Oregon and 
Washington as waters warm in the late spring in summer (Leatherwood et al., 1984; Forney et 
al., 2000).  Pacific coast white-sided dolphin populations are not showing any long-term trend in 
terms of abundance, but have a current minimum population size of 21,406 off California, 
Oregon, and Washington (NOAA Fisheries, 2011). 

Risso’s dolphin.  Risso’s dolphins are present off central and southern California year-
round (Dohl et al., 1981, 1983; Bonnell and Dailey, 1993).  Risso’s dolphins are found off 
California during the colder water months and are extending their range northward as water 
temperatures increase (Leatherwood et al., 1980, 1982).  The most recent population estimates 
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of Risso’s dolphin indicate that at least 4,913 individuals are known to occur off California, 
Oregon, and Washington (NOAA Fisheries, 2011).  No long-term population trends have been 
determined at this time.  Risso’s dolphins can be observed year-round within the Project area.  
Risso’s dolphins were observed regularly from late summer through winter of 2010 during 
marine mammal monitoring events within or near Project area waters (Padre, 2011b). 

Bottlenose dolphin.  The bottlenose dolphin is probably more widely distributed than any 
other species of small cetacean in the eastern North Pacific (Leatherwood et al., 1982).  This 
species occurring off the coast of California has been tentatively separated into a coastal form 
and offshore form.  The coastal bottlenose dolphin is generally found within 1 km (0.6 mi) of 
shore and often enters the surf zone, bays, inlets, and river mouths (Leatherwood et al., 1987).  
The California coastal population is estimated at 290 and appears to form small resident groups 
that range along the coastline, especially off Orange and San Diego counties (Weller and 
Defran, 1989; NOAA Fisheries, 2009). 

Offshore bottlenose dolphins are believed to have a more-or-less continuous distribution 
off the coast of California (Mangels and Gerrodette, 1994).  The current minimal population of 
bottlenose dolphins is estimate at a minimum population size of 684 individuals off California, 
Oregon, and Washington (NOAA Fisheries, 2011).  No long-term population trends have been 
determined at this time (NOAA Fisheries, 2009). 

Northern right whale dolphin.  The northern right whale dolphins are endemic to 
temperate waters of the North Pacific, where they range from the Mexican border to British 
Columbia (Leatherwood and Walker, 1979; Leatherwood et al., 1982).  They are primarily found 
over the shelf and slope in U.S. coastal waters and are known to make seasonal north-south 
movements (Forney et al., 2000).  Northern right whale dolphins are found primarily off 
California during colder-water months and shift northward into Oregon and Washington as water 
temperatures increase in late spring and summer (NCCOS, 2007).  The most recent population 
estimates indicate that at least 6,019 individuals are known to occur off California, Oregon, and 
Washington (NOAA Fisheries, 2011).  No long-term population trends have been determined at 
this time (NOAA Fisheries, 2009).  Ten northern right whale dolphins were observed from late 
summer through winter of 2010 during marine mammal monitoring events within Project area 
waters (Padre, 2011b). 

Killer Whale.  The killer whale occurring off the coast of California has been tentatively 
separated into a transient form, offshore form, and resident form.  The transient form is the most 
frequently sighted type of killer whale off central California, and have been observed from 
southern California to Alaska. This form feeds on marine mammals, travel in small groups often 
over long ranges, and are usually vocally quiet (NCCOS, 2007).  The species occurs year-round 
in the Project area and killer whales are most frequently sighted from January-May and from 
September through November.  The most recent population estimate for the Eastern North 
Pacific Southern Transient stock of killer whales is unknown (NOAA Fisheries, 2009).  The 
resident form is primarily sighted in inland marine waters, and preys mostly on fish, lives in close 
family groups, and is quite vocal (NOAA Fisheries, 2009).  The most recent population estimate 
for the Eastern North Pacific Southern Resident stock of killer whales is 85 animals (NOAA 
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Fisheries, 2011).  Two killer whales were observed regularly from late summer through winter of 
2010 during marine mammal monitoring events within Project area waters (Padre, 2011b). 

Offshore killer whales have more recently also been identified off the coasts of 
California, Oregon, and rarely, in Southeast Alaska (Carretta et al., 2008).  They apparently do 
not mix with the transient and resident killer whale stocks found in these regions.  The offshore 
type is more vocal, travels in larger groups, and feeds on fishes and squid (NOAA Fisheries, 
2009).  The total number of known offshore killer whales along the U.S. West Coast, Canada, 
and Alaska is 354 animals (NOAA Fisheries, 2011). 

Sperm whale.  The sperm whale is considered a federally endangered species due to 
historically intensive commercial whaling.  The sperm whale is the largest of the toothed whales 
and is found predominately in temperate to tropical waters in both hemispheres (Gosho et al., 
1984).  Off California, sperm whales are present in offshore waters year-round, with peak 
abundance from April to mid-June and again from late August through November (Dohl et al., 
1981, 1983; Gosho et al., 1984; Barlow et al., 1997).  Sperm whales are primarily pelagic 
species and are generally found in waters with depths of greater than 1,000 m (3,300 ft) 
(Watkins, 1977), although their distribution does suggest a preference for continental shelf 
margins and seamounts, areas of upwelling and high productivity (Leatherwood and Reeves, 
1982).  The majority of sightings by Dohl et al. (1983) in their three-year study off central and 
northern California were in waters deeper than 1,800 m (5,900 ft), but near the continental shelf 
edge.  The most recent estimates indicate that at least 751 individuals are known to occur off 
California, Oregon, and Washington (NOAA Fisheries, 2011).  No long-term population trends 
have been determined at this time (NOAA Fisheries, 2009). 

Pinnipeds (Seals and Sea lions) 

Five of the 36 species of pinnipeds known worldwide occur off the central California 
coast.  Three are eared seals (family Otariidae) and two are earless seals (family Phocidae).  
The species most likely to be encountered within the vicinity of the Project area include the 
California sea lion, northern fur seal, northern elephant seal, and the Pacific harbor seal 
(Bonnell et al., 1980). 

Otariidae.  The species of Otariidae (eared seals) that may occur central California 
waters are:  northern fur seal, Steller sea lion, and California sea lion, although the most 
common within the Project area is the California sea lion. 

California sea lion.  The California sea lion is the most abundant pinnipeds in California, 
representing 50 to 93 percent of all pinnipeds on land and about 95 percent of all sightings at 
sea (Bonnell et al., 1981; Bonnell and Ford, 1987).  This species ranges from Baja, Mexico to 
British Columbia.  The breeding time period and rookery occupancy is mid-May to late July 
(NCCOS, 2007).  In central California, a small number of pups are born on Año Nuevo Island, 
Southeast Farallon Island, and occasionally at a few other locations (see Attachment 1, Figure 
1-12); otherwise the central California population is composed of non-breeders.  The most 
recent population estimates for the California sea lion stock indicate that at least 141,842 
individuals are known to occur in California (NOAA Fisheries, 2009).  This number believed to 
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be increasing despite recent drops in pups due to El Nino events occurring in the late 1990s 
NOAA Fisheries, 2000).  California sea lions were observed regularly from late summer through 
winter of 2010 during marine mammal monitoring events within or near Project area waters 
(Padre, 2011b). 

Northern fur seal.  The northern fur seal is the most abundant otarid in the Northern 
Hemisphere.  Most of the population is associated with rookery islands in the Bering Sea and 
the Sea of Okhotsk, although a small population of northern fur seals has existed on San Miguel 
Island since the late 1950s or early 1960s (NOAA Fisheries, 2003).  Adult females and juveniles 
migrate to the central California area (and Oregon and Washington) from rookeries on San 
Miguel Island in the SCB (Carretta et al., 2006), and from the Pribilof Islands in the Bering Sea 
(NCCOS, 2007).  During winter migration, female northern fur seals from the Pribilof Islands 
travel south and arrive off California beginning in February and remain until about August before 
returning to breeding grounds (NCCOS, 2007).  The most recent population estimates for the 
San Miguel Island stock indicate that at least 5,395 individuals are known to occur (NOAA 
Fisheries, 2011).  No long-term population trends have been determined at this time (NOAA 
Fisheries, 2011).  

Steller sea lion.  The Steller or northern sea lion is a federally threatened species.  The 
Steller sea lion ranges along the North Pacific rim, from northern Japan, the Aleutian Islands, 
Gulf of Alaska, and south to Año Nuevo Island, California (the southernmost rookery).  Three 
haul-out sites have been documented within the Project are (see Attachment 1, Figure 1-13).  
The most recent population estimate for the Steller sea lion indicate that at least 2,479 
individuals were observed in California (NOAA Fisheries, 2010).  This population is stable or 
slightly increasing (NOAA Fisheries, 2010). 

Phocidae.  Two species of Phocidae (earless seals) that are known to occur within the 
central California coast include the northern elephant seal and Pacific harbor seal. 

Northern elephant seal.  Northern elephant seals breed along the coast from Baja 
California north to Point Reyes.  Northern elephant seals typically haul-out on land only to breed 
and molt and then disperse widely at sea. The breeding period is generally December through 
March and molting occurs April through August; females and juveniles molt in April to May; sub-
adult males molt in May to June, and adult males molt in July to August; and yearlings molt in 
the fall.  The northern elephant seal is present year-round off of central California; however, 
because they spend very little time at the surface and forage mostly offshore, at-sea sightings 
are rare (NCCOS, 2007).  The most recent population estimates for the California breeding 
stock of Northern elephant seals indicated that at least 74,913 individuals are known to occur in 
California and the stock appears to increasing (NOAA Fisheries, 2009).  No haul-out or 
rookeries have been documented within the Project area (NOAA Fisheries, 2011b). 

Pacific harbor seal.  Pacific harbor seals range from Mexico to the Aleutian Islands 
(Hoover, 1988).  Pacific harbor seals are year-round residents of central California.  Unlike most 
pinnipeds occurring off California, Pacific harbor seal maintain haul-out sites on the mainland on 
which they pup and breed (Rambo, 1978; Bowland, 1978) (See Figure A-14).  Haulouts may be 
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occupied at any time of year for resting.  Pupping generally occurs March-June and molting 
occurs May-July (NCCOS, 2007).  The most recent minimum population estimates of the 
California stock indicate that at least 31,600 individuals are known to occur (NOAA Fisheries, 
2009).  After increases in the 1990s, this population is believed to be stable and possibly 
reaching its carrying capacity (NOAA Fisheries, 2009).  Harbor seals were observed regularly 
from late summer through winter of 2010 during marine mammal monitoring events within or 
near Project area waters (Padre, 2011b).   

Fissipeds (Sea Otters) 

Fissipedia.  One fissiped species is known to occur within the central California coast, 
the Southern sea otter. 

Southern sea otter.  The southern sea otter is listed as “threatened” under the FESA, 
“depleted” under the Marine Mammal Protection Act (MMPA), and “fully protected” under 
California Fish and Game Code.  Historically, the range of sea otters extended from the 
northern islands of the Japanese Archipelago northeast along Alaska and southward along 
North America to Baja California (Dailey et al., 1993).  The sea otter was nearly extirpated by 
the fur trade during the 18th and 19th centuries.  The current range extends from about Half 
Moon Bay in the north to Santa Barbara in the south.  A small, satellite population of 
approximately 20-40 animals also occurs at San Nicolas Island, the result of a translocation 
effort in the late 1980s (NCCOS, 2007).  This species prefers rocky shoreline with water depth 
of less than 5 m (50 ft), which support kelp beds where they feed on benthic macroinvertebrates 
including clams, crabs, abalone, sea urchins, and sea stars.  Recent minimum population 
estimates for southern sea otters in California indicate that at least 2,711 individuals are known 
to occur and no long-term trends in this population are available (USGS, 2010b).  Within the 
Project area, an increase in population could be seen during the period when most breeding 
occurs (June - November) (NCCOS, 2007).  Southern sea otters were observed regularly from 
late summer through winter of 2010 during marine mammal monitoring events within or near 
Project area waters (Padre, 2011b).   

2.2.7 Other Sensitive Biological Resources and Habitats 

Rocky intertidal and subtidal habitat, kelp, and seagrass beds are located throughout 
much of the Project area in water depths up to 37 m (120 ft).  Deeper water areas of rock are 
also common along the southern transect in water depths of up to 61 m (200 ft).  Rocky 
intertidal habitats throughout the Project area should be considered sensitive and in addition to 
offshore kelp beds, some nearshore rocky features could support stands of surf grass 
(Phyllospadix spp), which is considered an important habitat for commercial invertebrates and 
fish.  The federally-endangered black abalone (Haliotis cracherodii) has been recorded in the 
intertidal and shallow subtidal rocky habitats within the Project area. 

The region supports important habitat for seabirds, sea otters, sea lions, seals, and 
cetaceans (whales, dolphins, and porpoises).  In addition to the diverse habitats of the Morro 
Bay estuary and surrounding lands, specific areas of importance include nesting areas for 
seabirds (including black oystercatchers [Haematopus bachmani], cormorants [Phalacrocorax 
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spp], and pigeon guillemots [Cepphus columba]) along Point Buchon and foraging habitat for 
shorebirds, including the threatened western snowy plover (Charadrius alexandrinus nivosus), 
along Sandspit Beach south of the entrance to Morro Bay harbor.  Estero Bay is also a foraging 
ground for marine mammals, and pinnipeds use the nearby beaches and rocky shoreline to 
haul-out throughout the year.  Cetaceans that may be encountered in nearshore areas include 
bottlenose and common dolphins (Tursiops truncatus and Delphinus delphis, respectively), 
humpback whales (Megaptera novaeangliae), and Minke whales (Balaenoptera acutorostrata) 
during summer and fall, and gray whales (Eschrichtius robustus) during the spring and winter 
migration periods.  Gray whales are most common from December to May, being most 
abundant in January during the southward migration, and in March during the northward 
migration.  Gray whales tend to come relatively close to Point Buchon. 

2.3 REGULATORY SETTING 

The following lists and summarizes the regulations that are applicable to the assessment 
of potential impacts to the biological resources and/or habitats within the Project area and site. 

2.3.1 Regulations  

The Federal Endangered Species Act.  The FESA of 1973 (Section 9 and 
implementing regulations 50 CFR Part 17) protects marine wildlife species found within the U.S. 
Exclusive Economic Zone (200-mile limit) including those found off the coast of California.  The 
FESA makes it unlawful to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 
collect an endangered species, or to attempt to engage in any such conduct.  Violations of the 
FESA and regulations are subject to a fine and imprisonment.  An “endangered species” is 
defined by the Secretaries of the Department of the Interior and/or the Department of 
Commerce as any species which is in danger of extinction throughout all or a portion of its 
range.  A “threatened species” is defined as any species, likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range.  The 
USFWS and NOAA Fisheries (previously called National Marine Fisheries Service) are 
responsible for implementation of the federal FESA. 

The Marine Mammal Protection Act.  In addition to the FESA, NOAA Fisheries is also 
responsible for enforcing the MMPA of 1972, which protects all marine mammals within U.S. 
waters.  Specifically, the MMPA prohibits the intentional killing or harassment of these marine 
mammals; however, incidental harassment, with authorization from the appropriate federal 
agency, may be approved. 

The Migratory Bird Act.  The USFWS also administers the federal Migratory Bird 
Treaty Act (MBTA) of 1918 (16 USC 703-711).  The focus of the MBTA was the “Establishment 
of a federal prohibition, unless permitted by regulations, to pursue, hunt, take, capture, kill, 
attempt to take, capture or kill, possess, offer for sale, sell, offer to purchase, purchase, deliver 
for shipment, ship, cause to be shipped, deliver for transportation, transport, cause to be 
transported, carry or cause to be carried by any means whatever, receive for shipment, 
transportation or carriage, or export, at any time, or in any manner, any migratory bird, included 
in the terms of this Convention for the protection of migratory birds, or any part, nest or egg of 
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any such bird.” (16 USC 703).  Implementing regulations at 50 CFR 10 list the migratory birds 
covered under the MBTA and the MBTA prevents the removal or harassment of active nests of 
migratory bird species that may result in the loss of eggs or nestlings.   

2.3.2 Marine Protected Areas and the Monterey Bay National Marine Sanctuary 

Marine Protected Areas.  Two Marine Protected Areas (MPA) are located in and/or 
adjacent to the proposed Project area.  Point Buchon MPA (Figure 2.3-1) is located entirely 
within the Project area, and the Cambria-White Rock MPA (Figure 2.3-2) is located north of and 
adjacent to the Project area.  The Point Buchon MPA is comprised of two separate areas:  the 
inshore State Marine Reserve (SMR) and the offshore State Marine Conservation Area (SMCA).  
The Cambria-White Rock MPA are both SMCAs.  Each of these areas has specific restrictions 
pertaining to “take” as defined in the State Marine Protection Act.  According to California Code 
of Regulations, Title 14 Section 632, sub-section (b)(47), the SMR designation prohibits the take 
of all living marine resources.  According to California Code of Regulations, Title 14 Section 
632, sub-section (b)(48), the take of all living marine resources within a SMCA is prohibited 
except the commercial and recreational take of salmon and albacore.  PG&E is currently 
working with the California Fish & Game Commission to explore the possibility of authorizing the 
proposed survey by obtaining permission to complete the proposed Project within the MPA 
boundaries.  It is anticipated that permission to implement the Project would be granted through 
amending an existing Scientific Collecting Permit to allow the “take” of specific biota within the 
MPAs. 

Monterey Bay National Marine Sanctuary.  The Monterey Bay National Marine 
Sanctuary (MBNMS) is a Federally-protected marine area that extends from Cambria to Marin.  
In November 2008, the Office of National Marine Sanctuaries released a final management plan 
for the MBNMS.  The plan addresses issues such as ecosystem protection, wildlife disturbance, 
vessel discharge, water quality, introduced species and coastal development.  The MBNMS is 
located in the northern portion of the proposed Project area.  The only Project activities 
occurring within NBNMS are the survey vessel‘s turning legs at the end of each transect.   
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Figure 2.3-1.  Point Buchon Marine Protected Area 
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Figure 2.3-2.  Cambria and White Rock Marine Protected Areas 

 

2.4 COMMERCIAL AND RECREATIONAL FISHING 

Commercial fishing vessels use the Project area from the two major harbors, Morro Bay 
and Port San Luis.  Hook and line, trap, net (set, drift, and seine), and trawl are the four most 
commonly-used commercial gear types within the Project area.  Based on CDFG-provided 
catch data, nearshore (within 60 km [10 mi] of the shoreline) fisheries tend to concentrate on 
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market squid (seine), hagfish (trap), Cabezon (hook and line and trap), and Dungeness and 
rock crabs (trap).  Further offshore, sablefish, and thornyhead rockfish (trap and hook and line) 
are caught year-round and seasonal catches of salmon (troll) and thresher shark (drift net) are 
common.  Recreational fishing, including commercial passenger fishing vessels from Morro Bay 
and Port San Luis, tend to stay within 4.8 km (3.0 mi) of the shoreline and target rocky habitat 
associated species including rockfish, lingcod, and Cabezon.  Seasonal open-water trolling for 
albacore and salmon occurs further offshore and fishers target California halibut and other 
flatfish in nearshore sedimentary habitats.  A detailed discussion of commercial and recreational 
fishing is provided in Appendix F (Fisheries Plan) of this supplemental application. 

2.5 CULTURAL AND HISTORICAL RESOURCES 

The Bureau of Ocean Energy Management, Regulation and Enforcement (BOEMRE), 
previously known as the U.S. Minerals Management Service (MMS), has identified areas of the 
Outer Continental Shelf predicted to be sensitive for submerged prehistoric resources.  These 
areas correspond to the locations of sensitive landforms (paleoembayments, submerged 
channel systems, and island complexes) along the shoreline at various periods ranging from 
approximately 7,500 to 18,000 years ago.  The submarine channel system that extends offshore 
Morro Bay is considered sensitive for such buried landforms.  However, the BOEMRE cautioned 
that the site predictions had to be made with available data that were “very limited, generalized, 
and lacking in localized details”. 

To date, however, no known occurrences of in-situ remains of prehistoric habitation sites 
have been reported offshore Morro Bay or elsewhere within the Project area.  The closest 
recorded underwater site is located at Avila Beach (Port San Luis) to the south of the Project 
area. 

BOEMRE marine archaeological studies and databases indicate that a small offshore 
area centered on the north side of Morro Bay is considered sensitive for historic shipwrecks.  
The location of one wreck has been established approximately 3.7 km (2.3 mi) north of the 
Montaña del Oro State Park.  The locations of the remaining four historically-significant ship 
wrecks (Challenge, Golden Gate, Lena and Otsego) are not known with any certainty.  One 
more recent shipwreck, the Vienni Su (1945) has also been reported north of Point Buchon.  
Additional research conducted for previously-completed projects within the area indicates that 
three early 20th century shipwrecks–The Eclipse, a schooner; The Yellowtail, a motor vessel; 
and The New Sunset, an oil screw, none of which have been evaluated for importance as 
cultural resources, and one recent shipwreck, The Hi C, are reported possibly within Project 
area.  

Onshore cultural resources have been relatively well documented.  An important 
onshore site is the SLO-2 site located around Diablo Creek, north of the DCPP.  Documented 
sensitive resources will be avoided or mitigated in accordance with existing regulations, 
however until the nearshore and onshore locations are finalized, the proximity and potential 
sensitivity of those resources to the proposed actions cannot be determined.  
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2.6 WATER QUALITY AND OCEANOGRAPHY 

Nearshore water quality is influenced by a number of factors, including local currents, 
nearby ocean outfalls and discharges, and freshwater inflow.  Petroleum development activities, 
commercial vessel traffic, natural hydrocarbon seeps, river runoff, municipal wastewater outfalls 
and minor industrial outfalls all contribute to increased levels of nutrients, trace metals and 
synthetic organic contaminants in offshore waters.  However, compared to coastal water of the 
Southern California Bight, anthropogenic (human-induced) inputs into the water of the Santa 
Maria Basin, including Estero Bay and the Project area, are fewer and, therefore, these marine 
waters are considered relatively clean. 

The largest municipal outfall in the Project area is located approximately 3.2 km (2.0 mi) 
north of Morro Rock, in the southern portion of Estero Bay and serves the combined 
communities of Morro Bay and Cayucos.  Historically this outfall has had low impacts to local 
water and sediment quality beyond 81 m (50 ft) of the zone of initial dilution surrounding the 
outfall. 

Nearshore ocean temperatures along the California coast north of Point Conception are 
largely influenced by the California and Davidson currents and the seasonal upwelling of deeper 
ocean water.  Surface water temperatures within Estero Bay typically range from 48 to 68 
degrees Fahrenheit (°F) with a mean of 57°F.  The winds promote the offshore movement of the 
surface water mass and its subsequent replacement by the upwelling of cold, nutrient rich water 
from deeper layers.  Seasonal upwelling plays an important role in temperature and nutrient 
cycling within the bay and along the entire coast of California.  Upwelling is not, however, 
restricted temporally, and can occur at anytime during the year when the appropriate wind 
conditions persist. 

Deep water offshore swells generally approach Estero Bay from the south to northwest; 
between 190 and 310 degrees relative to azimuth true north.  Point Estero to the north and 
Point Buchon to the south provide sheltering from waves traveling in directions outside that 
approach window.  Table 2.6-1 provides some wave statistics from data collected from 1956 
through 1975 by the U.S. Army Corps of Engineers at the wave station nearest Morro Bay.  
Additional information is available from the Scripps wave rider located offshore of the DCPP 
intake bay.  Table 2.6-2 provides a summary of extreme wave conditions also compiled by the 
Corps of Engineers based on data collected during the same 20-year period. 
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Table 2.6-1.  Deep Water WIS Hindcast Wave Data for the Project Area 

Wave Data Measurement 
Mean significant wave height 2.4 m (8 ft) 
Mean peak period 10.3 seconds 
Most frequent wave direction 292.5° azimuth (re: True North) 
Largest significant wave height 85 m (28 ft) 
Peak period associated with highest wave 12.5 seconds 

Table 2.6-2.  Extreme Wave Conditions for the Project Area 

Return Period (Years) Wave Height in Meters (ft) 
10 6.4 (21.0) 
25 7.9 (25.9) 
50 9.0 (29.5) 

100 10.1 (33.0) 

 

2.7 MARINE TRANSPORTATION  

Latest available information suggests that more than 4,000 large vessels travel along the 
central California coast every year, most within 24 km (15 mi) of the shoreline of San Luis 
Obispo County.  The majority of them are fishing and recreational vessels that operate out of 
Morro Bay and to a lesser extent, Port San Luis.  In the year 2000, an agreement between U.S. 
shipping officials, the International Maritime Organization, and the Monterey Bay, Gulf of the 
Farallones, and Channel Islands National Marine Sanctuaries specified distances from the 
shoreline that various commercial vessel types were to remain while in transit offshore the 
central California coast.  While large vessels were to remain 24 to 37 km (15 to 23 mi) offshore, 
ships carrying hazardous materials were to remain from 46 to 55 km (29 to 34.5 mi) offshore, 
and tankers were required to stay at least 92 km (57.5 mi) offshore. 

The combined “resident fleet” of Morro Bay and Port San Luis is estimated to be 
approximately 400 vessels, of which about half are commercial fishing vessels; the remainder is 
pleasure craft.  In Morro Bay there are approximately 140 moorings and 270 slips located along 
the Morro Bay Embarcadero and in the Morro Bay State Park Marina.  In addition, two T-piers 
can accommodate at least another 60 boats and an anchorage area can accommodate up to 
eight small boats or up to two larger vessels.  In Port San Luis there are approximately 250 
privately-owned moorings, and limited space for vessel anchorage between the Avila Pier and 
Cal Poly Pier.  There are no dock slips in Port San Luis, but vessels use Harford Pier on a 
temporary basis to offload/onload passengers, equipment, and fish.  The Port San Luis Harbor 
Department manages 50 slips, most of which are utilized by commercial fishing vessels.  The 
entrance to Morro Bay has historically been considered one of the most dangerous on the west 
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coast of the U.S.; however, since the U.S. Army Corps of Engineers initiated a larger dredging 
program in 1995, the sand bar that historically developed at the mouth of the harbor and 
resulted in breaking waves has been decreased. 

2.8 PROJECT AREA GEOLOGY AND FAULTING 

The onset of glaciation during the Pleistocene Epoch caused several major oscillations 
in the sea level of more than 300 ft (91 m), as the polar ice caps formed and subsequently 
receded.  The last major regression occurred about 17,000 years ago, and global sea levels 
dropped approximately 400 ft (122 m) (Fillon et al., 2004).  As a result, sediments on the 
seafloor of the present-day continental shelf were exposed for several thousand years.  
Migrating rivers eroded sizeable channels when sea level regressions exposed portions of the 
present seafloor.  Sediments on the inner continental shelf in the Morro Bay area are consistent 
with recent deposition under turbulent, shallow water conditions.  Sediments farther offshore 
consist of silty clays that settled out of suspension.  

The San Luis Obispo/Morro Bay area is in the southern portion of the Coast Ranges 
Geomorphic Province, a seismically active region of Southern California.  This area has 
experienced numerous historic seismic events centered on both onshore and offshore faults.  
Faults located in the Project area are described below and are depicted on Figure 2.8-1. 

Hosgri Fault Zone.  The Hosgri Fault Zone (HFZ) is the southern portion of the larger 
410 km (246 mi) long San Gregorio–San Simeon–Hosgri fault system.  It is an active 
transpressional, convergent right-slip fault zone that extends southeastward approximately 110 
km (66 mi) from a location 6 km (3.6 mi) offshore of Cambria to a point 5 km (3 mi) northwest of 
Point Pedernales.  The HFZ lies offshore for its total length.  The fault zone separates two 
tectonic domains of contrasting styles and rates of crustal deformation: the offshore Santa Maria 
basin on the western side of the fault zone and the onshore Los Osos domain on the eastern 
side.  To the east, the fault zone truncates a marine bedrock platform associated with uplift of 
the San Luis–Pismo block.   

The HFZ was mapped along its entire length using petroleum industry multichannel 
seismic-reflection data that imaged the traces to depths of 1.5 to 3 km (0.9 to 1.8 mi) beneath 
the seafloor.  Part of the fault zone was remapped using single-channel, high-resolution USGS 
sparker data.  The USGS data set provides better near-surface resolution of the fault traces and 
associated structures but with limited depth of penetration.   
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Figure 2.8-1.  Project Area Faulting 

Offshore of DCPP the HFZ trends 25 to 30 degrees NW and appears to control the 
break between the inner and outer continental shelves.  It also forms the western termination of 
the offshore Islay and Santa Rosa reef bedrock shelves and many of the geologic structures in 
the Los Osos domain.  As mapped from the high-resolution USGS seismic reflection data set, 
the HFZ consists of multiple traces, with individual traces that are continuous for as long as 18 
km (10.8 mi).  The fault zone itself is up to 2.5 km (1.5 mi) wide and contains both active and 
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inactive traces as well as en echelon conjugate faults and folds.  The fault traces appear vertical 
to steeply dipping in the upper few hundred meters of the sediment section.  On the 
multichannel data, with several seconds of signal penetration, some of the traces dip steeply to 
the east below about 1 km (0,=.6 mi) depth (PG&E, 2011).   

Shoreline Fault Zone.  High-resolution multibeam echo sounding, seismic-reflection, 
and aeromagnetic data collected in 2009 have improved the resolution and definition of the 
Shoreline Fault Zone (SFZ) in south-central coastal California.  The SFZ was identified in 2009 
as a lineation of relocated seismicity about 0.5 km (0.8 mi) offshore of the Irish Hills between 
Point Buchon and Point San Luis, east of the HFZ.  Subsequent investigations indicate that the 
seismicity lineament is coincident, in part, with a series of prominent bathymetric and magnetic 
lineaments that cut across Cretaceous and Miocene rocks.  The surface expression of the SFZ 
consists of three distinct segments: (1) a 6 to 9 km (9.7 to 14.5 mi) Northern segment that is 
defined by a distinct 40 degree NW trending discontinuous scarp that truncates bedding and 
structures of the Obispo and Monterey formations; (2) an 8 km (12.0 mi) Central segment 
expressed as a distinct bathymetric and magnetic lineament that juxtaposes different bedrock 
lithologies, truncates bedding and structures, and has scarps, gas-related pock marks and mud 
extrusions; and (3) a 6 km (9.7 mi) Southern segment expressed as a poor to moderate 
bathymetric lineament with local scarps and juxtaposed bedding. The Central and Southern 
segments form a right-stepping en echelon pattern with a NW strike of 60 to 70 degrees, 
consistent with the right-lateral strike-slip focal mechanisms and the vertical plane of the 
microseismicity lineament that extends to a depth of ~10 km (6.2 mi).  The northern part of the 
seismicity lineament is more diffuse, extends to a depth of 12 km (7.4 mi) and diverges west 
from the surface expression of the Northern segment.  High-resolution seismic-reflection profiles 
across the northern portion of the seismicity lineament indicate the lineament is not associated 
with near-surface faulting. It may be that this portion of the seismicity lineament is associated 
with a fault that does not reach the surface or is associated with the western trace of the HFZ 
that dips east toward the SFZ(PG&E, 2011).   

Los Osos Fault Zone.  The northeastern margin of the San Luis Range is bordered by 
the Los Osos fault zone, which separates the uplifting range from the subsiding or southwest-
tilting Cambria block to the northeast.  The fault zone has had a complex history of both strike-
slip and dip-slip displacement.  The fault zone is a 50-km long, 2-km wide (9.0 mi by 1.2 mi) 
system of discontinuous, subparallel, and en echelon fault traces extending from Estero Bay on 
the north to an intersection with the West Huasna fault southeast of San Luis Obispo.  Along the 
coast, the fault zone truncates a flight of marine terraces, indicating a vertical rate of separation 
across the fault zone of about 0.2 mm/yr (<0.1 in/yr).  Preliminary results from new geomorphic 
mapping, interpretation of reprocessed seismic-reflection data, analysis of seismicity data, and 
structural analysis suggest that the fault zone dips steeply to the southeast (45 to 70 degrees or 
possibly steeper), and may be primarily an oblique-slip fault, with a significant component of dip 
slip to accommodate uplift of the range (PG&E, 2011).   
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Southwestern Boundary Fault Zone.  The southwestern margin of the San Luis Range 
is bordered by a complex zone of late Quaternary reverse, oblique-slip, and possibly strike-slip 
faults.  Taken as a whole, these faults separate the San Luis–Pismo block from the subsiding 
Santa Maria Valley block to the southwest.  The zone of faults is collectively called the 
Southwestern Boundary Fault Zone and is 4 to10 km (2.4 to 6.2 mi) wide and over 60 km (36.0 
mi) long.  The faults generally strike west-northwest and dip steeply to moderately to the 
northeast.  Principal structures within this fault zone include the Wilmar Avenue, San Luis Bay, 
Pecho, Los Berros, Oceano, and Nipomo faults.  The cumulative rate of vertical separation 
across the fault zone, based primarily on deformation of the marine terrace sequence along the 
coast and southwest side of the range onshore, ranges from about 0.1 to 0.2 mm/yr (<0.1 in/yr); 
the rate for each fault is generally 0.04 to0.1 mm/yr(<0.1 in/yr) (PG&E, 2011). 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

2-43 

2.9 REFERENCES 

Adams, J., J. Y. Takekawa, And H. R. Carter. 2004. Foraging Distance and Home range of 
Cassin’s Auklets Nesting at Two Colonies in the California Channel Islands. Condor 
106:618–637. 

Allen, S., J. Mortenson, and, S. Webb. 2011. Field Guide to Marine Mammals of the Pacific 
Coast: Baja, California, Oregon, Washington, British Columbia. University of California 
Press. Berkeley and Los Angeles, California. 

Applied Marine Sciences, 2008.  Survey Report: Remotely Operated Vehicle (ROV) Biological 
Characterization Survey of the Asia America Gateway (AAG) S-5 Project Fiber Optic 
Cable Route Offshore Morro Bay, California.  Prepared for AT&T Company, January 
2008, Rev. May 2008 

Barlow, J. (1994). Recent information on the status of large whales in California waters, NOAA 
Technical Memorandum NMFS-SWFSC-203, 27 pp. 

Barlow, J., and T. Gerrodette (1996). Abundance of cetaceans in California waters based on 
1991 and 1993 ship surveys, NOAA Tech. Memo. NOAA-TM-NMFS-SWFSC-223. 

Barlow, J., et al. (1997). U.S. Pacific Marine Mammal Stock Assessments 1996, NOAA 
Technical Memorandum NMFS-SWFSC-248. 

Benson, S.R., K.A. Forney, J.T. Harvey, J.V. Carretta, and P.H. Dutton. (2007). Abundance, 
distribution, and habitat of leatherback turtles (Dermochelys coriacea) off California, 
1990-2003. Fishery Bulletin, Volume 105, 2007 

Bonnell, M.L., and M.D. Dailey (1993). Ecology of the Southern California Bight:  A Synthesis 
and Interpretation, Berkeley, CA:  University of California Press. 

Bonnell, M.L., R.G. Ford (1987). California sea lion distribution:  A statistical analysis of aerial 
transect data, J. Wildl. Manage, 51(1):13-20. 

Braham, H.W. (1984). The status of endangered whales:  An overview.  Marine Fisheries 
Review 46:2-6. 

California Natural Diversity Data Base (CNDDB).  2011.  RAREFIND-4 and BIOS Mapping: 
Query of San Luis Obispo County.  California Department of Fish and Game.  
Sacramento, CA. 

Carretta, J.V., K.A Forney, M.M. Muto, J. Barlow, J. Baker, B. Hanson and M.S. Lowry (2006). 
U.S. Pacific Marine Mammal Stock Assessments: 2005. NMFS Southwest Fisheries 
Science Center. NOAA Technical Memorandum NOAA-TM-NMFS-SWFSC-388 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

2-44 

Carretta, J.V., K.A Forney, M.M. Muto, J. Barlow, J. Baker, B. Hanson and M.S. Lowry (2008). 
U.S. Pacific Marine Mammal Stock Assessments: 2007. NMFS Southwest Fisheries 
Science Center. NOAA Technical Memorandum NOAA-TM-NMFS-SWFSC-388 

Chambers Group, Inc. (2001). Final Assessment for Morro Bay Harbor Six-Year Maintenance 
Dredging Program, San Luis Obispo County, California. U.S. Army Corps of Engineers, 
Los Angeles District. September 2001. 

Channel Islands National Marine Sanctuary (2000). Working Draft Environmental Impact 
Statement for Channel Islands National Marine Sanctuary. 

Department of the Navy (2000). NAWCWPNS Point Mugu Sea Range Draft Environmental 
Impact Statement. 

            (2008). Southern California Range Complex Final EIS/OEIS. December 2008 

Dohl, T.P., K.S. Norris, R.C. Guess, J.D. Bryant, and M.W. Honig (1981). Cetacea of the 
Southern California Bight, Part II of Investigators’ reports:  In: Summary of marine 
mammal and seabird surveys of the Southern California Bight Area, 1975-1978, 
prepared for U.S. Department of the Interior, Bureau of Land Management, Pacific OCS 
Region, NTIS #PB 81-248-189, 414 pp. 

Dohl, T.P., R.C. Guess, M.L. Duman, and R.C. Helm (1983). Cetaceans of central and northern 
California, 1980-1983:  Status, abundance, and distribution, prepared for U.S. 
Department of the Interior, Minerals Management Service, Pacific OCS Region, OCS 
Study MMS 84-0045, 284 pp. 

Eguchi, T., T. Gerrodette, R.L. Pitman, J.A. Seminoff and P.H. Dutton, (2007). At-sea density 
and abundance estimates of the olive ridley turtle Lepidochelys olivacea in the eastern 
tropical Pacific.  

Forney, K.A., et al. (2000). U.S. Pacific marine mammal stock assessments, U.S. Department of 
Commerce, NOAA Technical Memorandum NMFS-SWFSC-300, 276 pp. 

Gendron, D., S. Lanham, and M. Carwardine (1999). North Pacific right whale sighting south of 
Baja California,  Aquatic Mammals 25(1):31-34. 

Gosho, M.E., D.W. Rice, and J.M. Breiwick (1984). The sperm whale, Physeter macrocephalus.  
In:  J.M. Breiwick and H.W. Braharn (eds.), The status of endangered whales, Mar. Fish. 
Rev. 46:54-64. 

Green, G.A. et al. (1989). Synthesis of information on marine mammals of the eastern North 
Pacific, with emphasis on the Oregon and Washington OCS area, In:  Information 
synthesis and hypothesis formulation for Oregon and Washington marine mammal and 
seabird surveys, final report prepared for U.S. Department of the Interior, Minerals 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

2-45 

Management Service, Pacific OCS Region, Bellevue, WA:  Envirosphere Company, and 
Portland, OR: Ecological Consulting, Inc., OCS Study MMS 89-0030, pp. 1-116. 

Hastings, M.C. (2006). Prediction of Sound Pressure Levels from Pile Driving Underwater.  
Prepared for Padre Associates, Inc. and Clearwater Port LLC. 

Heyning, J.E., and W.F. Perrin (1994). Evidence for two species of common dolphins from the 
eastern North Pacific, contributions in Science Natural History Museum of Los Angeles 
County 442:1-35. 

Keitt, Bradford S., Bernie R. Tershy and Donald A. Croll. 2000. Black-vented Shearwater 
(Puffinus opisthomelas), The Birds of North America Online (A. Poole, Ed.). Ithaca: 
Cornell Lab of Ornithology; Retrieved from the Birds of North America Online 

Koski, W.R., et al. (1998). Point Mugu Sea Range marine mammal technical report.  LGL 
limited, environmental research associates, King City, Ontario, Canada, in association 
with Ogden Environmental and Energy Services, Santa Barbara, CA, for Naval Air 
Warfare Center, Weapons Division, Point Mugu, CA, and Southwest Division, Naval 
Facilities Engineering Command, San Diego, CA, 281 pp. 

Leatherwood, S., and W.A. Walker (1979). The northern right whale dolphin in the eastern North 
Pacific, pp. 85-141, In: H.E. Winn and B.L. Olla (eds.), Behavior of marine mammals, 
Volume 3, Cetaceans, Plenum, New York, NY. 

Leatherwood, S., et al. (1987). Cetaceans of the Channel Islands National Marine Sanctuary.  
NOAA, Channel Islands National Marine Sanctuary and NMFS, 66 pp. 

Leatherwood, S. and R.R. Reeves (1982). Bottlenosed Dolphin (Tursiops pruncatus) and Other 
Toothed Cetaceans. In Wild Mammals of North America: Biology, Management, 
Economics (J.A. Chapman and G.A. Feldhamer, eds.) pp. 369-414. Johns Hopkins 
University Press, Baltimore, MD.  

Leatherwood, S., R.R. Reeves, W.F. Perrin, and W.E. Evans (1982). Whales, dolphins, and 
porpoises of the eastern North Pacific and adjacent Arctic waters, A guide to their 
identification, NOAA Tech. Rept., NMFS Circular 444, 245 pp. 

Leatherwood, et al. (1984). Distribution, Seasonal Movements, and Abundance of Pacific White-
Sided Dolphins in the Eastern North Pacific. Scientific Rep. Whales Res. Inst., 35:129-
157 pp.Mangels, K.F., and T. Gerrodette (1994). Report of cetacean sightings during a 
marine mammal survey in the eastern Pacific Ocean and Gulf of California aboard the 
NOAA ships McArthur and David Starr Jordan, July 28-November 6, 1993, NOAA Tech. 
Mern,  NMFS-SWFSC-211, 88 pp. 

Márquez, M. R., Carrasco, M.A., and Jiménez, M.C. (2002). The marine turtles of Mexico: An 
Update. In Kinan, I. (Ed.). Proceedings of the Western Pacific Sea Turtle Cooperative 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

2-46 

Research and Management Workshop, Hawaii, Feb. 5-8, 2002. App. IV. Pp 281-285. 
Honolulu: Western Pacific Regional Fishery Management Council.  

Mason, J. W., G. J. McChesney, W. R. McIver, H. R. Carter, J. Y. Takekawa, R. T. Golightly, J. 
T. Ackerman, D. L. Orthmeyer, W. M. Perry, J. L. Yee, M. O. Pierson, and M. D. 
McCrary,  2007.  At-sea distribution and abundance of seabirds off southern California: a 
20-year comparison.  Studies in Avian Biology, No. 33.  95 pp 

MFS Globenet Corp./WorldCom Network Services (2000). MFS Globenet Corp./WorldCom 
Network Services Fiber Optic Cable Project Final Environmental Impact Report, Volume 
I. 

Morro Bay National Estuary Program (MBNEP) (2000). Comprehensive Conservation and 
Management Plan. Prepared by the MBNEP. Published July 2000. 

Morro Group, Inc. 1999.  DEIR MFS Globenet Corp./WorldCom Network Services Fiber Optic 
Cable Project. SCH No. 9809153. 

NOAA National Marine Fisheries Service (NOAA Fisheries). 1991. Recovery plan for the 
humpback whale (Megaptera novaeangliae), prepared by the Humpback Whale 
Recovery Team for the National Marine Fisheries Service, Silver Spring, MD, 105 pp. 

  (1993). Our Living Oceans, Report on the Status of U.S. Living Marine Resources, 
1993. 

  (2003). 1975 to 2003 Marine Mammal Stranding Records. Marine Mammal Stranding 
Network. Unpublished data. 

  (2005). Species of Concer and Cadidate Species Fact Sheet. Website entry: 
www.nmfs.noaa.gov/pr/species/concern. 4pp. 

  (2006). Letter dated July 21, 2006 to Mr. Prescott of U.S. Coast Guard from William T. 
Hogarth of NOAA. Regarding NOAA Completeness Recommendations for Clearwater 
Port , LLC’S Deepwater Port License Re-Application. 

  (2007). California Marine Mammal Stranding Network (CMMSN) human interaction 
reports 2000-2005 provided by e-mail from Joe Cordaro, NMFS wildlife biologist, on 
August 21, 2007. 

  (2008). The 2005 West Coast Bottom Trawl Survey of Groundfish Resources off 
Washington, Oregon, and California: Estimates of Distribution, Abundance, and Length 
Composition. NOAA Technical Memorandum NMFS-NWFSC-93 

  (2009). Marine Mammal Stock Assessment Reports by Species. Website:  
http://www.nmfs.noaa.gov/pr/sars/species.htm 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

2-47 

  (2011). Marine Mammal Stock Assessment Reports by Species.  Website:  
http://www.nmfs.noaa.gov/pr/sars/species.htm.  accessed on June 14, 2011.  

  (2011b). California Pinniped Rookeries and Haul-out Sites. 
http://swr.nmfs.noaa.gov/psd/rookeryhaulouts/ 

NOAA Fisheries and U.S. Fish and Wildlife Service (2007). Green Sea Turtle (Chelonia mydas) 
5-year review: Summery and Evaluation. August, 2007. 

NOAA National Centers for Coastal Ocean Science (NCCOS) (2007). A Biogeographic 
Assessment off North/Central California: In Support of the National Marine Sanctuaries 
of Cordell Bank, Gulf of the Farallones and Monterey Bay. Phase II – Environmental 
Setting and Update to Marine Birds and Mammals. Prepared by NCCOS’s Biogeography 
Branch, R.G. Ford Consulting Co. and Oikonos Ecosystem Knowledge, in cooperation 
with the National Marine Sanctuary Program. Silver Spring, MD. NOAA Technical 
Memorandum NOS NCCOS 40. 240 pp. 

Padre Associates, Inc. 2011a. ROV Survey Observations-3D Offshore Geophone Transects 
Technical Memorandum. Prepared for PG&E.  June, 23, 2011. 

Padre Associates, Inc. 2011b. Marine Wildlife Monitoring Report PG&E Geophysical Surveys 
Offshore Point Buchon For the Survey Period: December 2010 to February 2011. 
Prepared for Fugro Consultants Inc. February 25, 2011. 

Pacific Gas and Electric Company (PG&E) (2009) Diablo Canyon Power Plan License Renewal 
Application. Appendix E Applicants Environmental Report – Operating License Renewal 
Stage. Prepared by  

  (2011). Report on the Analysis of the Shoreline Fault Zone, Central Coastal  California, 
Report to the US Nuclear Regulatory Commission, Docket No. 50-275 & 50-323; DCL-
11-005, vol 3. 

Reeves, R.R., P.J. Clapham, R.L. Brownell, Jr., and G.K. Silber (1998). Recovery plan for the 
blue whale (Balaenoptera musculus), Office of Protected Resources, National Marine 
Fisheries Service, NOAA, Silver Spring, MD, 42 pp. 

Ross, J.P. (1982). Historical decline of loggerhead, ridley, and leatherback sea turtles, Biology 
and conservation of sea turtles, K.A. Bjorndal (ed.), Washington, D.C.:  Smithsonian 
Institution Press, pp. 189-195. 

Scarff, J.E. (1986). Historic and present distribution of the right whale in the eastern North 
Pacific south of 50 N and east of 180 W., pp. 43-63, in:  R.L. Brownell, Jr., P.B. Best, 
and J.H. Prescott (eds.), Right whales: Past and present status,  International Whaling 
Commission, Cambridge, UK. 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

2-48 

Shuford, W. D., and Gardali, T.(eds), 2008. California Bird Species of Special Concern: A 
ranked assessment of species, subspecies, and distinct populations of birds of 
immediate conservation concern in California. Studies of Western Birds 1. Western Field 
Ornithologists, Camarillo, California, and California Department of Fish and Game, 
Sacramento. 

Spear, L. B. and D. G. Ainley. 1999. Seabirds of the Panama Bight. Waterbirds 22:175-198. 

Tenera Environmental (Tenera). 2007. Diablo Canyon Power Plant Marine Mammal Protection 
Plan Monitoring – Phase 2 Replacement Steam Generator Transport Project. Prepared 
for PG&E. December 12, 2007. 

            (2008). Diablo Canyon Power Plant Marine Mammal Protection Plan Monitoring – Phase 
2 Replacement Steam Generator Transport Project. Prepared for PG&E. November 19, 
2008. 

             (2010). Diablo Canyon Power Plant NPDES Receiving Water Monitoring Program: 2009 
Annual Report.  Prepared for Pacific Gas and Electric Company, Diablo Canyon Power 
Plant Avila Beach, CA 93424.  April 20, 2010. 

U.S. Geological Survey. (USGS). 2010a. A Status Assessment of the Double-Crested 
Cormorant (Phalacrocorax auritus) in Western North America:  1998-2009 Final Report. 
Submitted to: U.S. Army Corps of Engineers, prepared by Jessica Y. Adkins and Daniel 
D. Roby – Oregon Cooperative Fish and Wildlife Research Unit. 

            (2010b). Spring Surveys 1983-2010: Spring Counts of Southern Sea Otters. website: 
http://www.werc.usgs.gov/ProjectSubWebPage.aspx?SubWebPageID=16&ProjectID=91 

U.S. Fish and Wildlife Service.  2006.  Five-year Review of the California Least Tern (Sternula 
antillarum browni). Carlsbad, CA. 

            (2008). Short-tailed Albatross Recovery Plan. Anchorage, AK, 105 pp.Walker, P.L., and 
S. Craig (1979). Archeological evidence concerning the prehistoric occurrence of sea 
mammals at Point Bennett, San Miguel Island, California Fish and Game 65(1):50-54. 

Zeiner, D., W. Laudenslayer, Jr., K. Mayer, and M. White (1990). California's Wildlife, Volume II, 
Birds, California Department of Fish and Game, Sacramento, CA. 



 
Central Coastal California Seismic Imaging Project 
2.0  Existing Conditions 
 
 

 

ATTACHMENT 1 
WILDLIFE RESOURCES FIGURES 



!(

!(

!(

!(

!(

CALIFORNIA BROWN PELICAN
BREEDING COLONIES

FIGURE 1-1

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Califonia Brown Pelican Colony

Offshore Geophone Transects

Proposed Source Lines on Beach

Proposed Receiver Lines on Beach

Offshore Investigation Area



!(

!(

!(

DOUBLE-CRESTED CORMORANT
BREEDING COLONIES

FIGURE 1-2

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Double Crested Cormorant Colony

Offshore Geophone Transects

Proposed Source Lines on Beach

Proposed Receiver Lines on Beach

Offshore Investigation Area



WESTERN SNOWY PLOVER
DESIGNATED HABITAT

FIGURE 1-3

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: USFWS, 2011; CNDDB, 2011

Legend
Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Snowy Plover Fish and Game Designated Habitat

USFWS snowy plover critical habitat

Offshore Investigation Area



!(

!(

!(

!(
!(

!(!(
!(

!(
!(

!(

!( !(

!(!(

BLACK OYSTERCATCHER
BREEDING COLONIES

FIGURE 1-4

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Black Oystercatcher Colony

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

!(

!(

!(

CALIFORNIA LEAST TERN
BREEDING COLONIES

FIGURE 1-5

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( California Least Tern Breeding Colony

!( Historical Site

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(!(

!(

RHINOCEROUS AUKLET
BREEDING COLONIES

FIGURE 1-6

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Rhinocerous Auklet Colony

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

TUFTED PUFFIN
BREEDING COLONIES

FIGURE 1-7

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Tufted Puffin Historical Colony Site

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

!(
!(

!(
!(

!(
!(

!(

!( !(

!(

!(

PELAGIC CORMORANT
BREEDING COLONIES

FIGURE 1-8

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend

!( Historical Colony Site

!( Pelagic Cormorant Colony

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

!(
!(

!(!(
!(

!(

!(

!(!(

BRANDT'S CORMORANT
BREEDING COLONIES

FIGURE 1-9

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend

!( Likely Breeding Site

!( Brandt's Cormorant Colony

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

!(

!(

!(
!(

!(!(
!(

!(
!(

!(

!(

!(

!(!(

!(

!(

WESTERN GULL
BREEDING COLONIES

FIGURE 1-10

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Western Gull Breeding Colony

!( Historical Breeding Colony

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

!(

!(

!(

!(
!(

!(
!(

!(
!(

!(

!( !(

!(!(

!(

!(

PIGEON GUILLEMOT
BREEDING COLONIES

FIGURE 1-11

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Pigeon Guillemot Colony

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

!(

!(!(

!(

!(

!(!(

!(

CALIFORNIA SEA LION 
HAULOUTS AND ROOKERIES

FIGURE 1-12

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Minor Sea Lion Rookery

!( Sea Lion Haulout Site

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

!(!(

STELLAR SEA LION
HAULOUTS AND ROOKERIES

FIGURE 1-13

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007

Legend
!( Stellar Sea Lion Haulout Site

Proposed Receiver Lines on Beach

Proposed Source Lines on Beach

Offshore Geophone Transects

Offshore Investigation Area



!(

HARBOR SEAL
HAULOUTS AND ROOKERIES

FIGURE 1-14

June 2011
Project No. 1002-0621

¯

0 5 102.5
Miles

PG&E Central Coastal California Seismic Imaging Project

Source: NCCOS, 2007; NOAA, 2011; Chambers Group, 2001; MBNEP, 2000

Legend
!( Harbor Seal Rookery

Offshore Geophone Transects

Harbor Seal Haulout Area 

Proposed Source Lines on Beach

Proposed Receiver Lines on Beach

Offshore Investigation Area



 
 
 
 
 

 

APPENDIX A 
BIOLOGICAL ASSESSMENT 



 
Central Coastal California Seismic Imaging Project 
Appendix A - Biological Assessment 
 
 

 

A-1 

APPENDIX A 
BIOLOGICAL ASSESSMENT 

A.1 INTRODUCTION 

This Biological Assessment for marine species is in support of the Pacific Gas and 
Electric Company’s (PG&E) proposed Offshore Central Coastal California Seismic Imaging 
Project (Project) located within the central area of San Luis Obispo County, California (Figure A-
1).  The following provides a preliminary summary of the proposed offshore deep seismic data 
collection survey. 

A detailed project description is provided in Section 1.0 of the supplemental project 
application. 

A.2 REGULATORY BASIS 

The Endangered Species Act of 1973 (Section 9 and implementing regulations 50 CFR 
Part 17) protects marine wildlife species including those that are found off the coast of 
California.  The Endangered Species Act (ESA) makes it unlawful to harass, harm, pursue, 
hunt, shoot, wound, kill, trap, capture, or collect an endangered species, or to attempt to engage 
in any such conduct.  Violations of the ESA and regulations are subject to a fine and 
imprisonment.  An “endangered species” is defined by the Secretaries of the Department of the 
Interior and/or the Department of Commerce as any species that is in danger of extinction 
throughout all or a portion of its range.  A “threatened species” is defined as any species, 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) and NOAA Fisheries 
(previously called National Marine Fisheries Service) are responsible for implementation of the 
federal ESA. 

In addition to the Federal ESA, NOAA Fisheries is also responsible for enforcing the 
Marine Mammal Protection Act of 1972 (MMPA), which protects all marine mammals within U.S. 
waters.  Specifically, the MMPA prohibits the intentional killing or harassment of these marine 
mammals; however, incidental harassment, with authorization from the appropriate federal 
agency, may be permitted. 

The USFWS also administers the federal Migratory Bird Treaty Act (MBTA) of 1918 (16 
USC 703-711).  The focus of the MBTA was the “Establishment of a federal prohibition, unless 
permitted by regulations, to pursue, hunt, take, capture, kill, attempt to take, capture or kill, 
possess, offer for sale, sell, offer to purchase, purchase, deliver for shipment, ship, cause to be 
shipped, deliver for transportation, transport, cause to be transported, carry or cause to be 
carried by any means whatever, receive for shipment, transportation or carriage, or export, at 
any time, or in any manner, any migratory bird, included in the terms of this Convention for the 
protection of migratory birds, or any part, nest or egg of any such bird.” (16 USC 703).  
Implementing regulations at 50 CFR 10 list the migratory birds covered under the MBTA which 
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prevents the removal or harassment of active nests of migratory bird species that may result in 
the loss of eggs or nestlings 

A.3 SPECIAL-STATUS AND PROTECTED MARINE SPECIES  

Based on zoogeographic data, 19 federally threatened or endangered species and one 
candidate species could occur within the Project area or could potentially be affected by project-
related activities.  Table A-1 lists those species that include one invertebrate, one fish species, 
three marine reptiles (turtles), and six marine mammals.  A description of each of the species is 
provided below.  The potential effects and mitigations that PG&E has incorporated into the 
proposed actions are discussed in Section A.5, which follows the aforementioned species 
descriptions. 

Table A-1.  Special-Status and Protected Species Within or Near the Project Area 

Common Name Scientific Name Status 
Invertebrates 

White abalone* Haliotis sorenseni Endangered 
Black abalone Haliotis cracherodii Endangered 

Fish 
Steelhead (southern California ESU) Oncorhynchus mykiss Threatened 

Turtles 
Pacific olive Ridley turtle Lepidochelys olivacea Endangered/Threatened 
Green turtle Chelonia mydas Endangered/Threatened 
Loggerhead turtle* Caretta caretta Threatened 
Leatherback turtle Dermochelys coriacea Endangered 

Birds 
California least tern Sterna antillarum browni  Endangered 

Western snowy plover Charadrius alexandrinus nivosus Threatened 

Xantus’s murrelet Synthliboramphus hypoleucus Candidate 
Marbled murrelet* Brachyramphus marmoratus Endangered 
Short-tailed albatross* Phoebastria albatrus Endangered 

Mammals 
Cetaceans (whales, porpoises, and dolphins) 
Northern right whale Eubalaena glacialis Endangered 
Blue whale Balaenoptera musculus Endangered 
Humpback whale Megaptera novaeangliae  Endangered 
Sei whale* Balaenoptera borealis Endangered 
Fin whale Balaenoptera physalus Endangered 
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Table A-1.  (Continued) 

Common Name Scientific Name Status 
Pinnipeds (seals and sea lions) 
Guadalupe fur seal* Arctocephalus townsendi Threatened 
Stellar sea lion Eumetopias jubatus Threatened 
Fissipeds (otters) 
Southern sea otter Enhydra lutris nereis Threatened 

*Note:  Project site may be outside of the geographic range or depth requirements for species indicated with a (*), 
because they are uncommon within the Project site and area, detailed descriptions of these species are not included 
below. 

The animals shown in Table A-2 are marine mammals and reptiles that are known to 
occur in the marine waters of California.  Table A-2 provides information on the seasonal 
variations in the marine wildlife community within the Project region. 

A.3.1 Invertebrates 

A.3.1.1 Black abalone (Haliotis cracherodii) 

Status.  Following the closure of the fishery for this species in 1993, the black abalone 
was listed as endangered in 2008.  Its listing as an endangered species was based on the 
results of a disease known as withering syndrome (WS) causing mass mortalities throughout its 
range (Butler, et al., 2009).  Other contributing factors appear to be increased predation, 
particularly in the intertidal habitats.  No critical habitat has been identified for this species and, 
according to Butler, et al. (2009), abundances have been steady at northern California sites, 
while populations are declining at a slow, but not catastrophic rate in northern areas of central 
California.  Severe population declines have been documented at southern central California 
sites.  There is no evidence of recruitment at central California sites. 

Range and Habitat.  Black abalone occur in rocky intertidal and shallow subtidal 
habitats (to approximately 6 m [20 ft]) on exposed outer coasts from approximately Pt. Arena in 
northern California to Bahia Tortugas and Isla Guadalupe, Mexico (Butler, et al., 2009).  They 
are most common in crevices and on the protected (under) sides of boulders and rocks and are 
found in rocky habitats along the California mainland and offshore islands (Butler, et al., 2009).  
Black abalone were abundant in the vicinity of DCPP prior to 1988, but the WS epidemic 
severely reduced the local population (Blecha et al., 1992).  Black abalone still exist in mid-
intertidal areas at several locations between Point Buchon and DCPP, but are considered rare 
(Tenera, 2011).  No black abalone were observed during ROV surveys along geophone lines for 
the Project.  However, because of the size of the proposed survey area, it is expected that Black 
abalone occur on the ocean floor within the Project site.   
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Table A-2.  Marine Wildlife Species and Periods of Occurrence 

Month of Occurrence Family 
Common Name J F M A M J J A S O N D 

INVERTEBRATES 

Black abalone (E)             

FISH 

Steelhead (spawning in 
stream)(T)             

REPTILES 

Cryptodira 

Olive Ridley sea turtle (T)(1)             

Green sea turtle (T)(1)             

Leatherback sea turtle (E)(1)             

BIRDS 

California least tern (breeding) 
(E)             

Western snowy plover (breeding) 
(T)             

Xantus’s murrelet (breeding) (C)             

MAMMALS  

Mysticeti 

Blue whale (E)             

Fin whale (E)             

Humpback whale (E)             

Northern right whale (E)             

Pinnipedia 

Steller sea lion             

Fissipedia 

Southern sea otter (T)(2)             

Relatively uniform distribution  Not expected to occur  More likely to occur due to seasonal 
distribution 

 

(E) Federally listed endangered species. 
(C) Canidate species. 
(T) Federally listed threatened species. 

(1) Rarely encountered, but may be present year-round.  Greatest abundance during July through September.  
(2) Only nearshore (diving limit 100 feet).  

Sources:  Bonnell and Dailey (1993), NOAA Fisheries (2009), NCCOS (2007) 

Natural History.  Black abalone have separate sexes and are broadcast spawners.  
Female black abalone become reproductively mature at a size of about 5 cm (2 in) in diameter 
and males at about 4 cm (1.6 in).  Larvae are thought to be planktonic for four to10 days before 
settlement and metamorphosis.  Dispersal capability of larvae is limited, and genetic data 
indicate population structure on a spatial scale consistent with known dispersal characteristics 
(Butler, et al., 2009).  Black abalone reach a maximum size of about 20 cm (7.9 in), which is the 
maximum diameter of the elliptical shell, but more typically reach sizes in the range of 10-14 cm 
(4 to 5.5 in).  Maximum longevity is thought to be 20-30 years.  Black abalone are herbivorous 
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and adults primarily feed preferentially on large drifting fragments of marine algae such as 
kelps.  The primary food species are Macrocystis pyrifera and Egregia menziesii in southern 
California (i.e., south of Pt. Conception) habitats, and Nereocystis leutkeana in central and 
northern California habitats (Butler, et al., 2009).  

A.3.2 Fish 

A.3.2.1 Steelhead (Oncorhynchus mykiss) 

Status.  The South-Central California Coast Distinct Population Segments (DPS) 
steelhead (Oncorhynchus mykiss) was listed as a federally listed threatened species on August 
1997 (62 FR 43937).  Historical data on the South-Central California Coast steelhead DPS are 
sparse.  In the mid-1960s, the California Department of Fish and Game estimated that the DPS-
wide run size was about 17,750 adults (Good et al., 2005).  No comparable recent estimate 
exists; however, recent estimates exist for five river systems (Pajaro, Salinas, Carmel, Little Sur, 
and Big Sur), indicating runs of fewer than 500 adults where previous runs had been on the 
order of 4,750 adults. 

Range and Habitat.  The South-Central California Coast Steelhead DPS encompasses 
populations extends from the Pajaro River basin in Monterey Bay south to, but not including, the 
Santa Maria River Basin near the town of Santa Maria.  Critical habitat was designated for this 
species in 2005  

Natural History.  Adult steelhead spawn in coastal watersheds and their progeny rear in 
freshwater or estuarine habitats prior to migrating to the sea.  They require cool clear water and 
gravel where the eggs mature in three weeks to two months.  The alevins (juvenile steelhead) 
emerge from the gravel two to six weeks after hatching (NOAA Fisheries, 2009).  Young 
steelhead remain in fresh water from less than one year to up to three years.  Juveniles migrate 
to sea usually in spring, but throughout their range steelhead are entering the ocean during 
every month, where they spend one to four years before maturing and returning to their natal 
stream.  Only winter steelhead are found in southern and south-central California.  Winter 
steelhead enter their “home” streams from about November to April and spawning takes place 
from March to early May.  In freshwater, steelhead feed primarily on insects and larvae, while in 
the ocean their primary food source is “baitfish” such as herring and anchovies. 

A.4.3  Turtles 

A.4.3.1 Pacific olive Ridley turtle (Lepidochelys olivacea) 

Status.  In 1978, the breeding populations of the Pacific Ridley or olive turtle on the 
Pacific coast of Mexico were listed as federally endangered, while all other populations were 
listed as federally threatened.  The eastern tropical Pacific population is estimated at 1.39 
million, which is consistent with the dramatic increases of olive Ridley nesting populations that 
have been reported (Eguchi, 2007).   



 
Central Coastal California Seismic Imaging Project 
Appendix A - Biological Assessment 
 
 

 

A-6 

Range and Habitat.  This species is considered to be the most common of the marine 
turtles and is distributed circumglobally.  Within the eastern Pacific Ocean, the normal range of 
Pacific Ridley sea turtles is primarily from Baja California to Peru (Channel Islands National 
Marine Sanctuary, 2000; MFS Globenet Corp/WorldCom Network Services, 2000).  However, 
they have been reported as far north as Washington, Oregon, and are a rare visitor to the 
California coast (MFS Globenet Corp/WorldCom Network Services, 2000).   

Natural History.  According to NOAA Fisheries website (a) the olive Ridley has one of 
the most extraordinary nesting habits in the natural world.  Large groups of turtles gather 
offshore of nesting beaches.  Then vast numbers of turtles come ashore and nest in what is 
known as an "arribada."  During these arribadas, hundreds to thousands of females come 
ashore to lay their eggs.  At many nesting beaches, the nesting density is so high that 
previously laid egg clutches are dug up by other females excavating the nest to lay their own 
eggs.  Major nesting beaches are located on the Pacific coasts of Mexico and Costa Rica (MFS 
Globenet Corp/WorldCom Network Services, 2000).  The Pacific Ridley sea turtle is 
omnivorous, feeding on fish, crabs, shellfish, jellyfish, sea grasses, and algae (Channel Islands 
National Marine Sanctuary, 2000; MFS Globenet Corp/WorldCom Network Services, 2000), and 
may dive to depths of up to 980 feet (MFS Globenet Corp/WorldCom Network Services, 2000). 

A.4.3.2 Green turtle (Chelonia mydas)     

Status.  Similar to the olive Ridley turtle, the breeding population of the green turtle off 
Florida and along the Pacific coast of Mexico were listed as federally endangered in 1978.  
Populations in other areas were listed as federally threatened in that same year.  Recent 
minimum population estimates for green sea turtles indicate that at least 3,319 individuals are 
known to occur in the eastern Pacific (NOAA Fisheries 2008). 

Range and Habitat.  Green sea turtles generally occur worldwide in waters with 
temperatures above 20°C (MFS Globenet Corp/WorldCom Network Services, 2000).  Green 
sea turtles have been reported as far north as Redwood Creek in Humboldt County and off the 
coasts of Washington, Oregon, and British Columbia (Channel Islands National Marine 
Sanctuary, 2000; MFS Globenet Corp/WorldCom Network Services, 2000).  Although rare to the 
central coast, Green sea turtles are sighted year-round in marine waters off the southern 
California coast, with the highest concentrations occurring during July through September. 

Natural History.  NOAA Fisheries’ website (b) states that the green turtle is the largest 
of the hard-shelled turtles and that the adults are herbivorous, feeding principally on sea 
grasses and algae.  The two largest nesting populations are found at Tortuguero on the 
Caribbean coast of Costa Rica, and Raine Island, on the Great Barrier Reef in Australia, where 
an annual average of 22,500 and 18,000 females nest per season, respectively.  In the U.S., 
green turtles nest primarily along the central and southeast coast of Florida; present estimates 
range from 200-1,100 females nesting annually.  
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A.4.3.3 Leatherback turtle (Dermochelys coriacea) 

Status.  The leatherback turtle was listed as federally endangered in 1970.  NOAA 
Fisheries’ website (c) indicates that the Pacific Ocean leatherback population is generally 
smaller in size than that in the Atlantic Ocean.  While some Caribbean nesting populations 
appear to be increasing, these populations are very small when compared to those that nested 
in the Pacific Ocean less than 10 years ago.  Nesting trends on U.S. beaches have been 
increasing in recent years.  Recent population estimates for the eastern Pacific leatherback sea 
turtles indicates that at least 178 individuals are known to occur off of California (Benson et. al., 
2007).  This population is believed to be decreasing worldwide; however, nesting trends on U.S. 
beaches have been increasing in recent years (NOAA Fisheries, 2008). 

Range and Habitat.  Leatherback sea turtles are the most common sea turtle off the 
west coast of the U.S. (Channel Islands National Marine Sanctuary, 2000).  Leatherback sea 
turtles have been sighted as far north as Alaska and as far south as Chile (Channel Islands 
National Marine Sanctuary, 2000; MFS Globenet Corp/WorldCom Network Services, 2000).  
Their extensive latitudinal range is due to their ability to maintain warmer body temperatures in 
colder waters (MFS Globenet Corp/WorldCom Network Services, 2000).  Off the U.S. west 
coast, including the southern California and central coast marine waters, leatherback turtles are 
most abundant from July to September and in years when water temperatures are above 
normal (MFS Globenet Corp/WorldCom Network Services, 2000). 

Natural History.  NOAA Fisheries’ website (c) indicates that the leatherback is the 
largest turtle and the largest living reptile in the world.  Mature males and females can be as 
long as 1.9 m (6.5 ft) and weigh almost 907 kg (2,000 lbs).  Leatherback sea turtles are 
omnivores, but feed principally on soft prey items such as jellyfish and planktonic chordates 
(e.g., salps) (Channel Islands National Marine Sanctuary, 2000; MFS Globenet Corp/WorldCom 
Network Services, 2000).  Leatherback turtle nesting grounds are located around the world, with 
the largest remaining nesting assemblages found on the coasts of northern South America and 
west Africa (NOAA Fisheries’ website [c]).  No nesting occurs within U.S. beaches (MFS 
Globenet Corp/WorldCom Network Services, 2000). 

A.4.4  Birds 

A.4.4.1 California least tern (Sterna antillarum browni) 

Status.  The California least tern was listed as federally endangered species in 1970.  
No critical habitat has been identified for the California least tern. 

Range and Habitat.  California least terns live along the coast from San Francisco to 
northern Baja California and migrate from the southern portion of their range to the north.  Least 
terns begin arriving in southern California as early as March and depart following the fledging of 
the young in September or October (U.S. Fish and Wildlife Service, 2006).  Least terns have 
historical breeding occurrences within Guadalupe/Nipomo Dunes National Wildlife Refuge.  
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Additionally, there are current breeding occurrences within Guadalupe Dunes Park and Pismo 
Beach (Figure A.4-1).    

Natural History.  This species nests in colonies and utilize the upper portions of open 
beaches or inshore flat sandy areas that are free of vegetation.  The typical colony size is 25 
pair.  Most least terns begin breeding in their third year, and mating begins in April or May.  The 
nest consists of a simple scrape in the sand or shell fragments and typically there are two eggs 
in a clutch; egg incubation and care for the young are accomplished by both parents.  Least 
terns can re-nest up to two times if eggs or chicks are lost early in the breeding season.  Least 
terns dive to capture small fish and require clear water to locate their prey (i.e., anchovies) that 
are found in the upper water column in the nearshore ocean waters. 

A.4.4.2 Western snowy plover (Charadrius alexandrinus nivosus) 

Status.  The western snowy plover, which is one of 12 subspecies of the snowy plover, 
was listed as federally threatened in 1973 and the Pacific coast population of this species, which 
includes all nesting birds on the mainland coast, peninsulas, offshore islands, adjacent bays, 
estuaries, and coastal rivers, was separately listed as federally threatened in 1993.  The most 
recent USFWS critical habitat was designated in 2005 and includes San Simeon State Beach 
(Unit 14) and Villa Creek Beach (Unit 15A).  Both Units are located in the upper portion of the 
Project site.  In March 2011, USFWS proposed additional critical habitat for listing, which 
includes Torro Creek Beach (Unit 28), Atascadero State Beach (Unit 29), Morro Bay Beach 
(Unit 30), and Pismo Beach (Unit 31).  Additionally, CDFG has designated critical habitat for the 
species which includes Morro Bay Beach and Pismo State Beach.  See Figure A.4-2 for 
designated Critical Habitat within the Project area. 

Range and Habitat.  The current known breeding range of this population extends from 
Damon Point, Washington, to Bahia Magdelena, Baja California, Mexico (U.S. Fish and Wildlife 
Service, 1999).  Snowy plovers that nest at inland sites are not considered part of the Pacific 
coast population, although they may migrate to coastal areas during winter months.  Sand spits, 
dune-backed beaches, beaches at creek and river mouths, and salt pans at lagoons and 
estuaries are the preferred habitats for nesting.   

Natural History.  The Pacific coast population of the western snowy plover breeds 
primarily on coastal beaches from southern Washington to southern Baja California, Mexico 
(U.S. Fish and Wildlife Service, 1999).  The breeding season for western snowy plovers extends 
from early March to late September, with birds at more southerly locations beginning to nest 
earlier in the season than birds at more northerly locations.  Females typically desert the brood 
shortly after hatching, leaving the chick rearing duties to the male.  Females may re-nest if 
another male is available and if time remains in the season to do so.  Snowy plover chicks are 
precocial, leaving the nest within hours after hatching to search for food.  Males attend the 
young until they fledge, which takes about a month.  Adult plovers do not feed their chicks, 
rather they lead them to suitable feeding areas. 
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A.4.4.3 Xantus’s Murrelet (Synthliboramphus hypoleucus) 

Status.  The Xantus’s murrelet is currently a candidate for Federal listing and is listed as 
California State Threatened in 2004.  

Range and Habitat.  The historical and current breeding range of Xantus’s murrelets is 
from the Channel Islands in southern California to islands off the west coast of Baja California, 
Mexico (USFWS, 2009).  Known nesting islands in southern California included San Miguel, 
Santa Cruz, Anacapa, Santa Barbara, San Clemente, and Santa Catalina islands, collectively 
known as the Channel Islands.  There are no known breeding occurrences within San Luis 
Obispo County.   

Natural History.  Xantus’s murrelets spend the majority of their lives at sea, only coming 
to land to nest.  They begin arriving within the vicinity of nesting colonies in December and 
January (USFWS, 2009).  They likely begin breeding at 2 to 4 years of age, and usually nest at 
the same site each year with the same mate.  They begin visiting nest sites up to 2 months 
before egg-laying, but typically 2 to 3 weeks prior (USFWS, 2009).  Nesting within the 
population is asynchronous, spanning a period of up to 4 months (March-June), and peak time 
of egg-laying varies from year to year (USFWS, 2009).  Xantus’s murrelets swim underwater to 
capture prey, using their wings to propel themselves forward in a technique known as pursuit-
diving.  They feed offshore in small, dispersed groups, usually in singles and pairs, but 
occasionally in groups of up to eight.  They feed on small schooling fish and zooplankton, and 
may forage at ocean fronts where prey is concentrated near the surface of the water (USFWS, 
2009).  During the breeding season, the distance that they travel from nesting colonies to obtain 
prey is highly variable and probably dependent upon the availability and location of prey patches 
(USFWS, 2009). For example, murrelets from Santa Barbara Island foraged far from the island 
in 1996 (mean = 62 km {38 statute miles]) and 1997 (mean = 111 km [69 statute miles]), 
whereas murrelets from Anacapa Island in 2002 and 2003 usually foraged within 20 km of the 
island (USFWS, 2009) 

A.4.5 Marine Mammals 

Cetaceans (whales and dolphins) 

A.4.5.1 Northern right whale (Eubalaena glacialis) 

Status.  The northern right whale was listed as federally endangered in 1970 and since 
that time, critical habitat, encompassing a total of approximately 36,750 square nm within the 
Gulf of Alaska and the Bering Sea, was designated in 2006.  In April 2008, because the North 
Pacific right whale was listed as a separate, endangered species (the "northern right whale"), 
and because this was a newly listed entity, NMFS was required to designate critical habitat for 
the "North Pacific right whale" which is the same area for the northern right whale discussed 
above.  Photographic recapture rate population estimates for this species remain low, with only 
17 individuals being photographed (NOAA Fisheries, 2010).  No long-term population trends 
have been determined at this time (NOAA Fisheries, 2010). 
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Range and Habitat.  North Pacific right whales inhabit the Pacific Ocean, particularly 
between 20° and 60° latitude.  Before commercial whalers heavily exploited right whales in the 
North Pacific, concentrations were found in the Gulf of Alaska, eastern Aleutian Islands, south 
central Bering Sea, Sea of Okhotsk, and Sea of Japan.  Like other baleen whales, right whales 
appear to migrate from high-latitude feeding grounds toward more temperate waters in the fall 
and winter, although the location of seasonal migration routes is unknown (Scarff, 1986).  
Reeves and Brownell (1982) concluded that the usual wintering ground of northern right whales 
extended from northern California to Washington, although sightings have been recorded as far 
south as Baja California and near the Hawaiian Islands (Scarff, 1986; NMFS, 1991b; Gendron 
et al., 1999).  Since 1955, only five sightings of right whales have been recorded in waters off 
southern California and south central California, all these sightings were of individuals and were 
recorded between February and May (Scarff, 1991; Carretta et al., 1994).   

Natural History.  Females give birth to their first calf at an average age of 9-10 years.  
Gestation lasts approximately one year. Calves are usually weaned toward the end of their first 
year.  This species feeds from spring to fall, and also in winter in certain areas. The primary 
food sources are zooplankton, including copepods, euphausiids, and cyprids. Unlike other 
baleen whales, right whales are skimmers: they feed by removing prey from the water using 
baleen while moving with their mouth open through a patch of zooplankton (NOAA Fisheries 
website [d]). 

A.4.5.2 Blue whale (Balaenoptera musculus) 

Status.  The blue whale was listed as federally endangered throughout its range in 
1970.  The most recent estimates of blue whale indicate that at a minimum of 2,046 individuals 
are known to occur off the U.S. west coast (NOAA Fisheries, 2010).  Along the California coast, 
blue whale abundance has been increasing during the past two decades (NOAA website [e]).  A 
primary threat to blue whales is mortality and serious injury caused by ship strikes.  In the 
eastern North Pacific, ship strikes were implicated in the deaths of blues whales in 1980, 1986, 
1987, 1993, and 2002.  The average number of blue whale mortalities in California attributed to 
ship strikes was 0.2 per year from 1991-1995 and from 1998-2002.  In September 2007, three 
blue whale mortalities were confirmed to be caused by ship strikes in the Santa Barbara 
Channel off Southern California. 

Range and Habitat.  Blue whales inhabit sub-polar to sub-tropical latitudes. Poleward 
movements in spring allow the whales to take advantage of high zooplankton production in 
summer (NOAA website [e]).  This species is most common from June through November off 
central and southern California coastal waters where it tends to concentrate near areas of 
upwelling particularly off the northern Channel Islands.  Blue whales were observed on multiple 
occasions from late summer through winter of 2010 during marine mammal monitoring events 
within or near Project waters (Padre, 2011).   

Natural History.  The best available science suggests the gestation period is 
approximately 10-12 months and that blue whale calves are nursed for about 6-7 months.  Most 
reproductive activity, including births and mating, takes place during the winter (NOAA website 



 
Central Coastal California Seismic Imaging Project 
Appendix A - Biological Assessment 
 
 

 

A-13 

[e]).  Blue whales are baleen whales and feed primarily on euphausid shrimp (krill).  In the North 
Pacific, blue whales prey mainly on Euphausia pacifica and secondarily on Thysanoëssa 
spinifera.  While other prey species, including fish and copepods, have been mentioned in the 
scientific literature, these are not likely to contribute significantly to the diet of blue whales. 

A.4.5.3 Humpback whale (Megaptera novaeangliae) 

Status.  Following the prohibition of commercial whaling on this species in 1966, the 
humpback whale was listed as federally endangered 1970 (NOAA website [f]).  The most recent 
population estimates of humpback whale indicate that at least 1,878 individuals are known to 
occur off California, Oregon, and Washington (NOAA Fisheries, 2010).  This population 
estimate is anticipated to be increasing (NOAA Fisheries, 2010). 

Range and Habitat.  During migration, humpbacks stay near the surface of the ocean.  
While feeding and calving, humpbacks prefer shallow waters.  During calving, humpbacks are 
usually found in the warmest waters available at that latitude.  Calving grounds are commonly 
near offshore reef systems, islands, or continental shores.  Humpback feeding grounds are in 
cold, productive coastal waters.  The humpback whales are distributed mostly over shelf and 
slope habitats, and are more frequently sighted off central California from March through 
November, with peaks in the summer and fall (NCCOS, 2007).  Migrants passing through 
central California appear to follow a more inshore path than blue or fin whales (Bonnell and 
Dailey, 1993).  Humpback whales were observed on multiple occasions from late summer 
through winter of 2010 during marine mammal monitoring events within or near Project area 
(Padre, 2011).   

Natural History.  In the North Pacific, there are at least three separate populations, 
which include the California/Oregon/Washington stock, which winters in coastal Central America 
and Mexico and migrates to areas ranging from the coast of California to southern British 
Columbia in summer/fall.  In the summer, humpbacks are found in high latitude feeding grounds 
such as the Gulf of Maine in the Atlantic and Gulf of Alaska in the Pacific.  In the winter, they 
migrate to calving grounds in subtropical or tropical waters such as the Dominican Republic in 
the Atlantic and the Hawaiian Islands in the Pacific. 

A.4.5.4 Fin whale (Balaenoptera physalus) 

Status.  The fin whale was listed as a federally endangered species in 1973; no critical 
habitat has been identified for this species to date (NOAA website [g]). 

Range and Habitat.  Summer distribution is generally offshore and south of the northern 
Channel Island chain, particularly over the Santa Rosa-San Nicolas Ridge.  However, acoustic 
signals from fin whale are detected year-round off northern California, Oregon, and Washington, 
with a concentration of vocal activity between September and February (Moore et al. 1998 [cited 
in NOAA Fisheries, 2008]).  The most recent estimates of the fin whale population indicate that 
at least 2,624 individuals are known to occur off California, Oregon, and Washington (NOAA 
Fisheries, 2010). 
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Natural History.  Little is known about the social and mating systems of fin whales.  
Males become sexually mature at 6-10 years of age; and females at 7-12 years of age.  
Physical maturity is attained at approximately 25 years for both sexes.  Usually mating and 
birthing occurs in tropical and subtropical areas during midwinter.  Fin whales are the second-
largest species of whale, with a maximum length of about 75 feet (22 m) in the Northern 
Hemisphere, and 85 feet (26 m) in the Southern Hemisphere.  Fin whales feed on euphasid 
shrimp, copepods, and small fish (NOAA Fisheries, 2006).  Although there is no indication of 
recent population trends, the California coastal waters stock did increase in the 1980s and 
1990s (NOAA Fisheries, 2008).   

Pinnipeds (seals and sea lions)   

A.4.5.5 Steller sea lion (Eumetopias jubatus) 

Status.  The Steller sea lion was listed as federally threatened in 1990.  In 1997, the 
population west of the 144o W longitude (west of a line near Cape Suckling, AK) was listed as 
federally endangered (U.S. Fish and Wildlife Service, 1997).  Critical habitat identified for this 
species includes the major California rookeries at Año Nuevo and the Farallon Islands.  The 
Steller sea lion recovery plan was finalized in 1992.  The most recent population estimate for the 
Steller sea lion indicate that at least 52,847 individuals were observed in California (NOAA 
Fisheries, 2010).  This population is stable or slightly increasing (NOAA Fisheries, 2010). 

Range and Habitat.  The species’ range extends along the North American coast from 
the Bering Strait in Alaska to southern California.  At least 90 percent of the species' world 
population is centered in the Gulf of Alaska, the Bering Sea, and the Sea of Okhotsk.  
Historically, this species was one of the most abundant pinnipeds in the Southern California Bight.  
Numbers have declined precipitously in the last several decades, but the causes of the decline are 
not well understood (Bartholomew 1967; Le Boeuf and Bonnell 1980).  There are three haul-out 
locations recorded near Lion Rock approximately 1.6 km (one mile) north of the DCPP 
embayment.   

Natural History.  Adult males begin arriving on the rookeries first, in mid-May, and 
establish territories.  Pregnant females arrive in late May and give birth to a single pup. Females 
and pups begin leaving the rookeries in September and pups typically remain with their mother 
through the first year.  Steller sea lions are known to feed on a variety of nearshore, sublittoral 
prey in estuarine and marine waters.  Jones (1981) reported that Steller sea lions feed mainly 
on bottom-dwelling fishes, and that all the prey items normally eaten by this species inhabit 
waters less than about 600 feet deep.  
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Fissipeds (otters)  

A.4.5.6 Southern sea otter (Enhydra lutris nereis)   

Status.  The southern sea otter was listed as federally threatened in 1977; no recovery 
plan or critical habitat have been yet completed or identified.  Between 2006 and 2008 the 
southern sea otter population estimates averaged approximately 2,826 individuals (NOAA 
Fisheries, 2008).  The population has been growing in the southern range of the species and 
has been staying neutral in the northern and central portions of the range (NOAA Fisheries, 
2008).   

Range and Habitat.  Historically, the range of sea otters extended from the northern 
islands of the Japanese Archipelago northeast along Alaska and southward along North 
America to Baja California.  Ranging from San Mateo County in the north to Santa Barbara 
County in the south, southern sea otters live in the nearshore waters along the mainland 
coastline of California.  A small population of sea otters inhabits waters near the DCPP facility 
(Tenera, 2011).  Southern sea otters were observed regularly from late summer through winter 
of 2010 during marine mammal monitoring events within or near Project waters (Padre, 2011).   

Natural History.  Information provided on U.S. Fish and Wildlife Service website (b) 
indicates that southern sea otters are among the smallest of marine mammals and may live for 
20 years in the wild.  This species prefers rocky shoreline with water depth less than 15.2 m (50 
ft), where they feed on a variety of benthic (bottom-dwelling) invertebrates, including sea 
urchins, abalone, crabs, clams, marine snails, marine worms, sea stars, sand dollars, and squid 
and octopus.  Individual animals tend to specialize on a subset of the overall population diet.  
Most adult female sea otters give birth to one pup each year.  Birth peaks occur in the spring 
and fall, but pups may be born at any time of year.  Male sea otters typically aggregate at the 
northern and southern limits of the range in winter and early spring, when some males that have 
maintained breeding territories in the predominantly female center of the range abandon their 
territories and join other males at its ends. 

A.5 POTENTIAL IMPACTS AND MITIGATION MEASURES 

A.5.1 Endangered Species Act 

This Biological Assessment provides sufficient information for the Federal lead agencies, 
NOAA Fisheries and the USFWS, to determine the potential to affect threatened or endangered 
species, based on one of three possible findings for each species potentially affected: 

• No effect: the proposed action will not affect the listed species or critical habitat; 

• Not likely to adversely affect: effects of the listed species are expected to be 
discountable (extremely unlikely to occur), insignificant (minimal impact without take), 
or beneficial; and 
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• Likely to adversely affect: adverse effect may occur as a direct or indirect result of 
the proposed action, and the effect is not discountable, insignificant or beneficial. 

Potential impacts due to project activities includes noise impacts, degradation of water 
quality or seafloor habitats from the discharge of petroleum in the event of an accidental spill.  
Potential impacts are described below and mitigation measures instituted during the proposed 
activities are expected to result in the proposed actions to not likely to adversely affect the listed 
species. 

Onshore geophones lines will be placed within an onshore previously developed or 
disturbed portion of upland habitat that will not impact marine mammal haul-outs or federally 
breeding birds.  See Attachment 1 for onshore geophone transects. 

Survey timing was chosen to (1) reduce risks from unsafe sea conditions (2) reduce the 
potential impacts to federally and state listed and/or protected species that could occur within 
the Project vicinity.  Fall and winter months are the best time to avoid highly mobile species, 
particularly whales and breeding birds that could occur within the Project vicinity.  Species 
seasonality is variable from year to year; however, Table A-2 above provides a guideline of 
when species could occur within the Project vicinity. 

A.5.2  Noise Impacts of Geophysical Airgun Arrays on Marine Wildlife 

A.5.2.1 Marine Mammals 

The effects of noise on marine mammals are highly variable, and can be categorized as 
follows (based on Richardson et al., 1995):  

1. The noise may be too weak to be heard at the location of the animal, i.e., lower than 
the prevailing ambient noise level, the hearing threshold of the animal at relevant 
frequencies, or both; 

2. The noise may be audible, but not strong enough to elicit any overt behavioral 
response, i.e., the mammal may tolerate it, either without or with some deleterious 
effects (e.g., masking, stress); 

3. The noise may elicit behavioral reactions of variable conspicuousness and relevance 
to the well being of the animal; these can range from subtle effects on respiration or 
other behaviors (detectable only by statistical analysis) to active avoidance reactions; 

4. Upon repeated exposure, animals may exhibit diminishing responsiveness 
(habituation), or disturbance effects may persist; the latter is most likely with sounds 
that are highly variable in characteristics, unpredictable in occurrence, and 
associated with situations that the animal perceives as a threat; 

5. Any man-made noise that is strong enough to be heard has the potential to reduce 
(mask) the ability of marine mammals to hear natural sounds at similar frequencies, 
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including calls from conspecifics, echolocation sounds of odontocetes, and 
environmental sounds, such as surf noise or (at high latitudes) ice noise.  However, 
intermittent airgun or sonar pulses could cause strong masking for only a small 
proportion of the time, given the short duration of these pulses relative to the inter-
pulse intervals; 

6. Very strong sounds have the potential to cause temporary or permanent reduction in 
hearing sensitivity, or other physical or physiological effects.  Received sound levels 
must far exceed the animal’s hearing threshold for any temporary threshold shift to 
occur.  Received levels must be even higher for a risk of permanent hearing 
impairment.  

The effects of sounds from airgun pulses might include one or more of the following: 
tolerance, masking of natural sounds, behavioral disturbance, and temporary or permanent 
hearing impairment or non-auditory effects.  It is unlikely that there would be any cases of 
temporary or especially permanent hearing impairment, or non-auditory physical effects.  The 
following subsections review relevant information concerning the potential effects of airguns on 
marine mammals. 

Tolerance.  Numerous studies have shown that marine mammals at distances more 
than a few kilometers from operating seismic vessels often show no apparent response 
(Richardson et al., 1995; Southall et al., 2007).  That is often true even in cases when the 
pulsed sounds must be readily audible to the animals based on measured received levels and 
the hearing sensitivity of that mammal group.  Although various baleen whales and toothed 
whales, and (less frequently) pinnipeds, have been shown to react behaviorally to airgun pulses 
under some conditions, at other times mammals of all three types have shown no overt 
reactions.  The relative responsiveness of baleen and toothed whales are quite variable.    

Masking.  Masking is the obscuring of sounds of interest by interfering sounds, generally 
at similar frequencies (Richardson et al., 1995).  Introduced underwater sound will, through 
masking, reduce the effective communication distance of a marine mammal species if the 
frequency of the source is close to that used as a signal by the marine mammal, and if the 
anthropogenic sound is present for a significant fraction of the time (Richardson et al., 1995).  If 
little or no overlap occurs between the introduced sound and the frequencies used by the 
species, communication is not expected to be disrupted.  Also, if the introduced sound is 
present only infrequently, communication is not expected to be disrupted, much if at all. The 
duty cycle of airguns is low, and the airgun sounds are pulsed, with relatively quiet periods 
between pulses.  In most situations, strong airgun sound will only be received for a brief period 
(<1 s), with these sound pulses being separated by at least several seconds of relative silence, 
and longer in the case of deep-penetration surveys or refraction surveys.  A single airgun array 
might cause appreciable masking when propagation conditions are such that sound from each 
airgun pulse reverberates strongly and persists between airgun pulses (Simard et al., 2005; 
Clark and Gagnon, 2006).  



 
Central Coastal California Seismic Imaging Project 
Appendix A - Biological Assessment 
 
 

 

A-19 

Although masking effects of pulsed sounds on marine mammal calls and other natural 
sounds are expected to be limited, there are few specific studies on this.  Some whales continue 
calling in the presence of seismic pulses and whale calls often can be heard between the 
seismic pulses (e.g., Richardson et al., 1986; McDonald et al., 1995; Greene et al., 1999a,b; 
Nieukirk et al., 2004; Smultea et al., 2004; Holst et al., 2005a,b, 2006; Dunn and Hernandez, 
2009).  However, there is one recent summary report indicating that calling fin whales 
distributed in one part of the North Atlantic Ocean went silent for an extended period starting 
soon after the onset of a seismic survey in the area (Clark and Gagnon, 2006).  It is not clear 
from that preliminary paper whether the whales ceased calling because of masking, or whether 
this was a behavioral response not directly involving masking.  Also, bowhead whales in the 
Beaufort Sea may decrease their call rates in response to seismic operations, although 
movement out of the area might also have contributed to the lower call detection rate (Blackwell 
et al., 2009a,b).  In contrast, Di Iorio and Clark (2009) found evidence of increased calling by 
blue whales during operations by a lower-energy seismic source (i.e., a sparker). 

Among the odontocetes, there has been one report that sperm whales ceased calling 
when exposed to pulses from a very distant seismic ship (Bowles et al., 1994).  However, more 
recent studies of sperm whales found that they continued calling in the presence of seismic 
pulses (Madsen et al., 2002; Tyack et al., 2003; Smultea et al., 2004; Holst et al., 2006; Jochens 
et al., 2008).  Madsen et al., (2006) noted that airgun sounds would not be expected to mask 
sperm whale calls given the intermittent nature of airgun pulses.  Dolphins and porpoises are 
also commonly heard calling while airguns are operating (Gordon et al., 2004; Smultea et al., 
2004; Holst et al., 2005a,b; Potter et al., 2007).  Masking effects of seismic pulses are expected 
to be negligible in the case of the smaller odontocetes, given the intermittent nature of seismic 
pulses plus the fact that frequently used sounds are predominantly at much higher frequencies 
than are the dominant components of airgun sounds. 

Pinnipeds and fissipeds have best hearing sensitivity and/or produce most of their 
sounds at frequencies higher than the dominant components of airgun sound, but there is some 
overlap in the frequencies of the airgun pulses and the calls.  However, the intermittent nature of 
airgun pulses presumably reduces the potential for masking. 

Marine mammals are thought to be able to compensate for masking by adjusting their 
acoustic behavior by shifting call frequencies, increasing call volume, and increasing 
vocalization rates.  For example, blue whales are found to increase call rates when exposed to 
seismic survey noise in the St. Lawrence Estuary (Di Iorio and Clark, 2009).  The North Atlantic 
right whales  exposed to high shipping noise increase call frequency (Parks et al., 2007), while 
some humpback whales respond to low-frequency active sonar playbacks by increasing song 
length (Miller el al., 2000).  

Behavioral Disturbance.  Marine mammals may behaviorally react to sound when 
exposed to anthropogenic noise.  These behavioral reactions are often shown as: changing 
durations of surfacing and dives, number of blows per surfacing, or moving direction and/or 
speed; reduced/increased vocal activities; changing/cessation of certain behavioral activities 
(such as socializing or feeding); visible startle response or aggressive behavior (such as 
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tail/fluke slapping or jaw clapping); avoidance of areas where noise sources are located, and/or 
flight responses (e.g., pinnipeds flushing into water from haul-outs or rookeries).  

The biological significance of many of these behavioral disturbances is difficult to predict, 
especially if the detected disturbances appear minor.  However, the consequences of behavioral 
modification could be expected to be biologically significant if the change affects growth, 
survival, and/or reproduction.  Some of these significant behavioral modifications include: 

• Drastic change in diving/surfacing patterns (such as those thought to be causing 
beaked whale stranding due to exposure to military mid-frequency tactical sonar);   

• Habitat abandonment due to loss of desirable acoustic environment; and,  

• Cease feeding or social interaction.  

The onset of behavioral disturbance from anthropogenic noise depends on both external 
factors (characteristics of noise sources and their paths) and the receiving animals (hearing, 
motivation, experience, demography) and is also difficult to predict (Richardson et al., 1995; 
Southall et al., 2007).   

Currently, NMFS uses 160 dB re 1 μPa at received level for impulse noises (such as 
airgun pulses) as the onset of behavioral harassment for marine mammals that are under 
NMFS’ jurisdiction.  

Mysticetes:  Baleen whales generally tend to avoid operating airguns, but avoidance 
radii are quite variable among species, locations, whale activities, oceanographic conditions 
affecting sound propagation, etc. (Richardson et al., 1995; Gordon et al., 2004).  Whales are 
often reported to show no overt reactions to pulses from large arrays of airguns at distances 
beyond a few kilometers, even though the airgun pulses remain well above ambient noise levels 
out to much longer distances.  However, baleen whales exposed to strong sound pulses from 
airguns often react by deviating from their normal migration route and/or interrupting their 
feeding and moving away.  Although baleen whales often show only slight overt responses to 
operating airgun arrays (Stone and Tasker, 2006; Weir, 2008), strong avoidance reactions by 
several species of mysticetes have been observed at ranges up to six to eight km and 
occasionally as far as 20 to 30 km from the source vessel when large arrays of airguns were 
used.  Experiments with a single airgun showed that bowhead, humpback, and gray whales all 
showed localized avoidance to a single airgun of 20 to 100 in3 (Malme et al., 1984, 1985, 1986, 
1988; Richardson et al., 1986; McCauley et al., 1998, 2000a, 2000b).   

Studies of gray and humpback whales have shown that seismic pulses with received 
levels of 160 to 170 dB re 1 μPa (rms) seem to cause obvious avoidance behavior in a 
substantial portion of the animals exposed (Richardson et al., 1995).  In many areas, seismic 
pulses from large arrays of airguns diminish to those levels at distances ranging from four to 15 
km from the source.  More recent studies have shown that some species of baleen whales 
(humpbacks in particular) at times show strong avoidance at received levels lower than 160 to 
170 dB re 1 μPa (rms).  In the cases of migrating gray whales, the observed changes in 
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behavior appeared to be of little or no biological consequence to the animals.  The migrating 
whales simply avoided the sound source by displacing their migration route to varying degrees, 
but within the natural boundaries of the migration corridors (Malme et al., 1984; Malme and 
Miles, 1985; Richardson et al., 1995).  In cases where there is no conspicuous avoidance or 
change in activity upon exposure to sound pulses from distant seismic operations, there are 
sometimes subtle changes in behavior (e.g., surfacing, respiration, dive cycles) that are only 
evident through detailed statistical analysis (e.g., Richardson et al., 1986; Gailey et al., 2007).  

Responses of humpback whales to seismic surveys have been studied during migration, 
on summer feeding grounds, on Angolan winter breeding grounds, and on the Brazilian 
wintering grounds.  McCauley et al. (1998, 2000a) studied the responses of humpback whales 

off Western Australia to a full-scale seismic survey with a 16-airgun, 2678-in
3
 array, and to a 

single 20-in
3 airgun with source level 227 dB re 1 µPa·mp-p.  McCauley et al. (1998) 

documented that avoidance reactions began at five to eight km from the array, and that those 
reactions kept most pods approximately three to four km from the operating seismic boat.  
McCauley et al. (2000a) noted localized displacement during migration of four to five km by 
traveling pods and seven to 12 km by more sensitive resting pods of cow-calf pairs.  Avoidance 
distances with respect to the single airgun were smaller, but consistent with the results from the 
full array in terms of the received sound levels.  The mean received level for initial avoidance of 
an approaching airgun was 140 dB re 1 µPa (rms) for humpback pods containing females, and 
at the mean closest point of approach (CPA) distance the received level was 143 dB re 1 µPa 
(rms). The initial avoidance response generally occurred at distances of five to eight km from 
the airgun array and two km from the single airgun.  However, some individual humpback 
whales, especially males, approached within distances of 100 to 400 m, where the maximum 
received level was 179 dB re 1 µPa (rms).  

Data collected by observers during several seismic surveys in the Northwest Atlantic 
Ocean showed that sighting rates of humpback whales were significantly greater during non-
seismic periods, compared against periods when a full array was operating (Moulton and Holst, 
2010).  In addition, humpback whales were more likely to swim away and less likely to swim 
towards a vessel during seismic vs. non-seismic periods (Moulton and Holst, 2010).  

Humpback whales on their summer feeding grounds in southeast Alaska did not exhibit 

persistent avoidance when exposed to seismic pulses from a 1.64-L (100-in
3
) airgun (Malme et 

al., 1985).  Some humpbacks seemed “startled” at received levels of 150-169 dB re 1 μPa.  
Malme et al. (1985) concluded that there was no clear evidence of avoidance, despite the 
possibility of subtle effects, at received levels up to 172 re 1 μPa on an approximate rms basis.  
However, Moulton and Holst (2010) reported that humpback whales monitored during seismic 
surveys in the Northwest Atlantic Ocean had lower sighting rates and were most often seen 
swimming away from the vessel during seismic periods compared with periods when airguns 
were silent.  

It has been suggested that South Atlantic humpback whales wintering off Brazil may be 
displaced or even strand upon exposure to seismic surveys (Engel et al., 2004).  The evidence 
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for this was circumstantial and subject to alternative explanations (IAGC, 2004).  Also, the 
evidence was not consistent with subsequent results from the same area of Brazil (Parente et 
al., 2006), or with direct studies of humpbacks exposed to seismic surveys in other areas and 
seasons.  After allowance for data from subsequent years, there was “no observable direct 
correlation” between strandings and seismic surveys (IWC, 2007).  

Reactions of migrating and feeding (but not wintering) gray whales to seismic surveys 
have been studied. Malme et al. (1986, 1988) studied the responses of feeding eastern Pacific 

gray whales to pulses from a single 100-in
3
 airgun off St. Lawrence Island in the northern Bering 

Sea.  They estimated, based on small sample sizes, that 50 percent of feeding gray whales 
stopped feeding at an average received pressure level of 173 dB re 1 μPa on an (approximate) 
rms basis, and that 10 percent of feeding whales interrupted feeding at received levels of 163 
dB re 1 μPa (rms).  Those findings were generally consistent with the results of experiments 
conducted on larger numbers of gray whales that were migrating along the California coast 
(Malme et al., 1984; Malme and Miles, 1985), and western Pacific gray whales feeding off 
Sakhalin Island, Russia (Würsig et al., 1999; Gailey et al., 2007; Johnson et al., 2007; Yazvenko 
et al., 2007a,b), along with data on gray whales off British Columbia, Canada (Bain and 
Williams, 2006).  

Various species of Balaenoptera (blue, sei, fin, and minke whales) have occasionally 
been seen in areas ensonified by airgun pulses (Stone, 2003; MacLean and Haley, 2004; Stone 
and Tasker, 2006), and calls from blue and fin whales have been localized in areas with airgun 
operations (e.g., McDonald et al., 1995; Dunn and Hernandez, 2009; Castellote et al., 2010).  
Sightings by observers on seismic vessels off the United Kingdom from 1997 to 2000 suggest 
that, during times of good sightability, sighting rates for mysticetes (mainly fin and sei whales) 
were similar when large arrays of airguns were shooting vs. silent (Stone, 2003; Stone and 
Tasker, 2006).  However, these whales tended to exhibit localized avoidance, remaining 
significantly further (on average) from the airgun array during seismic operations compared with 
non-seismic periods (Stone and Tasker, 2006).  Castellote et al. (2010) reported that singing fin 
whales in the Mediterranean moved away from an operating airgun array.  

Ship-based monitoring studies of baleen whales (including blue, fin, sei, minke, and 
humpback whales) in the Northwest Atlantic Ocean found that, overall, this group had lower 
sighting rates during seismic vs. non-seismic periods (Moulton and Holst, 2010).  Baleen whales 
as a group were also seen significantly farther from the vessel during seismic compared against 
non-seismic periods, and they were more often seen to be swimming away from the operating 
seismic vessel (Moulton and Holst, 2010).  Blue and minke whales were initially sighted 
significantly farther from the vessel during seismic operations compared to non-seismic periods.  
A similar trend was observed for fin whales (Moulton and Holst, 2010).  Minke whales were 
most often observed to be swimming away from the vessel when seismic operations were 
underway (Moulton and Holst, 2010).  

Data on short-term reactions by cetaceans to impulsive noises are not necessarily 
indicative of long-term or biologically significant effects.  It is not known whether impulsive 
sounds affect reproductive rate or distribution and habitat use in subsequent days or years.  
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However, gray whales have continued to migrate annually along the west coast of North 
America despite intermittent seismic exploration (and much ship traffic) in that area for decades 
(Appendix A in Malme et al., 1984; Richardson et al., 1995), and there has been a substantial 
increase in the population over recent decades (Allen and Angliss, 2010).  The western Pacific 
gray whale population did not seem affected by a seismic survey in its feeding ground during a 
prior year (Johnson et al., 2007).  The history of coexistence between seismic surveys and 
baleen whales suggests that brief exposures to sound pulses from any single seismic survey 
are unlikely to result in prolonged effects.   

Odontocete:  Little systematic information is available about reactions of toothed whales 
to noise pulses.  Few studies similar to the more extensive baleen whale/seismic pulse work 
summarized above have been reported for toothed whales. Seismic operators and marine 
mammal observers on seismic vessels regularly see dolphins and other small toothed whales 
near operating airgun arrays, but, in general there, is a tendency for most delphinids to show 
some avoidance of operating seismic vessels (Lamont-Doherty Earth Observatory [L-DEO], 
2011).  Some dolphins seem to be attracted to the seismic vessel and floats, and some ride the 
bow wave of the seismic vessel even when large arrays of airguns are firing (e.g., Moulton and 
Miller, 2005).  Nonetheless, small toothed whales more often tend to head away, or to maintain 
a somewhat greater distance from the vessel, when a large array of airguns is operating than 
when it is silent (e.g., Stone and Tasker, 2006; Weir 2008; Barry et al., 2010; Moulton and Holst, 
2010).   

For delphinids, the available data suggest that a ≥170 dB re 1 μPa (rms) disturbance 
criterion (rather than ≥160 dB) would be appropriate.  With a medium-to-large airgun array, 
received levels typically diminish to 170 dB within one to 4 km, whereas levels typically remain 
above 160 dB out to four to 15 km (e.g., Tolstoy et al., 2009).  Reaction distances for delphinids 
are more consistent with the typical 170 dB re 1 μPa (rms) distances (L-DEO, 2011).  

Results for porpoises depend on species.  The limited available data suggest that harbor 
porpoises show stronger avoidance of seismic operations than do Dall’s porpoises (Stone, 
2003; MacLean and Koski, 2005; Bain and Williams, 2006; Stone and Tasker, 2006).  Dall’s 
porpoises seem relatively tolerant of airgun operations (MacLean and Koski, 2005; Bain and 
Williams, 2006), although they too have been observed to avoid large arrays of operating 
airguns (Calambokidis and Osmek, 1998; Bain and Williams, 2006).  This apparent difference in 
responsiveness of these two porpoise species is consistent with their relative responsiveness to 
boat traffic and some other acoustic sources (Richardson et al., 1995; Southall et al., 2007).  

Most studies of sperm whales exposed to airgun sounds indicate that the sperm whale 
shows considerable tolerance of airgun pulses (e.g., Stone, 2003; Moulton et al., 2005, 2006a; 
Stone and Tasker, 2006; Weir, 2008).  In most cases, the whales do not show strong 
avoidance, and they continue to call.  However, controlled exposure experiments in the Gulf of 
Mexico indicate that foraging behavior was altered upon exposure to airgun sound (Jochens et 
al., 2008; Miller et al., 2009; Tyack, 2009).  
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Overall, odontocete reactions to large arrays of airguns are variable and, at least for 
delphinids and some porpoises, seem to be confined to a smaller radius than has been 
observed for some mysticetes.  However, other data suggest that some odontocete species, 
including harbor porpoises, may be more responsive than might be expected given their poor 
low-frequency hearing.  Reactions at longer distances may be particularly likely when sound 
propagation conditions are conducive to transmission of the higher-frequency components of 
airgun sound to the animals’ location (DeRuiter et al., 2006; Goold and Coates, 2006; Tyack et 
al,. 2006; Potter et al., 2007).  

Pinnipeds:  Pinnipeds are not likely to show a strong avoidance reaction to the airgun 
array.  Visual monitoring from seismic vessels has shown only slight (if any) avoidance of 
airguns by pinnipeds, and only slight (if any) changes in behavior (L-DEO, 2011).  In the 
Beaufort Sea, some ringed seals avoided an area of 100 m to a few hundred meters around 
seismic vessels, but many seals remained within 100-200 m of the trackline as the operating 
airgun array passed (Harris et al., 2001; Moulton and Lawson, 2002; Miller et al., 2005).  In 
Puget Sound, sighting distances for harbor seals and California sea lions tended to be larger 
when airguns were operating (Calambokidis and Osmek, 1998). 

During seismic exploration off Nova Scotia, gray seals exposed to noise from airguns 
and linear explosive charges reportedly did not react strongly (J. Parsons, in Greene et al. 
1985).  An airgun caused an initial startle reaction among South African fur seals, but was 
ineffective in scaring them away from fishing gear.  Pinnipeds, in both water and air, sometimes 
tolerate strong noise pulses from non-explosive and explosive scaring devices, especially if 
attracted to the area for feeding or reproduction (Mate and Harvey, 1987; Reeves et al., 1996).  
Thus, pinnipeds are expected to be rather tolerant of, or to habituate to, repeated underwater 
sounds from distant seismic sources, at least when the animals are strongly attracted to the 
area.  

Fissipeds:  Riedman (1983, 1984) observed the behavior of sea otters along the 
California coast during single, 100 in3 airgun pulses, and pulses from a 4,089 in3 airgun array.  
No disturbance reactions were evident when the airgun array was as close as 0.9 km, and the 
sea otters did not respond noticeably to the single airgun.  The results suggest that sea otters 
are less responsive to marine seismic pulse than are baleen whales.  Also, sea otters spend a 
great deal of time at the surface feeding and grooming.  While at the surface, the potential noise 
exposure would be much reduced by the pressure release effect at the surface. 

Hearing Impairment and Other Physical Effects.  Exposure to very strong sounds 
could affect marine mammals in a number of ways.  These include temporary threshold shift 
(TTS), which is a short-term hearing impairment and permanent threshold shift (PTS), which is a 
permanent hearing loss.  Non-auditory physical effects may also occur in marine mammals 
exposed to strong underwater pulsed sound.  Possible types of non-auditory physiological 
effects or injuries that might (in theory) occur in mammals close to a strong sound source 
include stress, neurological effects, bubble formation, and other types of organ or tissue 
damage.  It is possible that some marine mammal species (i.e., beaked whales) may be 
especially susceptible to injury and/or stranding when exposed to strong transient sounds.  
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However, as discussed below, there is no definitive evidence that any of these effects 
occur even for marine mammals in close proximity to large arrays of airguns.  It is unlikely that 
any effects of these types would occur during the present project given the brief duration of 
exposure of any given mammal and the planned monitoring and mitigation measures.  The 
following subsections discuss in somewhat more detail the possibilities of TTS, PTS, and non-
auditory physical effects.  

Temporary Threshold Shift.  TTS is the mildest form of hearing impairment that can 
occur during exposure to a strong sound (Kryter, 1985).  While experiencing TTS, the hearing 
threshold rises and a sound must be stronger in order to be heard.  It is a temporary 
phenomenon, and (especially when mild) is not considered to represent physical damage or 
“injury” (Southall et al., 2007).  Rather, the onset of TTS is an indicator that, if the animal is 
exposed to higher levels of that sound, physical damage is ultimately a possibility. 

The magnitude of TTS depends on the level and duration of noise exposure, and to 
some degree, on frequency, among other considerations (Kryter, 1985; Richardson et al., 1995; 
Southall et al., 2007).  For sound exposures at or somewhat above the TTS threshold, hearing 
sensitivity recovers rapidly after exposure to the noise ends.  In terrestrial mammals, TTS can 
last from minutes or hours to (in cases of strong TTS) days.  Only limited data have been 
obtained on sound levels and durations necessary to elicit mild TTS in marine mammals (none 
in mysticetes), and none of the published data concern TTS elicited by exposure to multiple 
pulses of sound during operational seismic surveys (Southall et al., 2007). 

For toothed whales, experiments on a bottlenose dolphin and beluga whale showed that 
exposure to a single watergun impulse at a received level of 207 kPa (or 30 psi) peak-to-peak 
(p-p), which is equivalent to 228 dB re 1 μPa (p-p), resulted in a 7 and 6 dB TTS in the beluga 
whale at 0.4 and 30 kHz, respectively.  Thresholds returned to within 2 dB of the pre-exposure 
level within 4 minutes of the exposure (Finneran et al., 2002).  

Finneran et al. (2005) further examined the effects of tone duration on TTS in bottlenose 
dolphins.  Bottlenose dolphins were exposed to 3 kHz tones (non-impulsive) for periods of 1, 2, 
4, or 8 seconds (s), with hearing tested at 4.5 kHz. For 1-s exposures, TTS occurred with SELs 
of 197 dB, and for exposures >1 s, SEL >195 dB resulted in TTS (SEL is equivalent to energy 
flux, in dB re 1 μPa2-s).  At an SEL of 195 dB, the mean TTS (4 min after exposure) was 2.8 dB.  
Finneran et al. (2005) suggested that an SEL of 195 dB is the likely threshold for the onset of 
TTS in dolphins and belugas exposed to tones of durations 1 to 8 s (i.e., TTS onset occurs at a 
near-constant SEL, independent of exposure duration).  That implies that, at least for non-
impulsive tones, a doubling of exposure time results in a 3 dB lower TTS threshold.  

However, the assumption that, in marine mammals, the occurrence and magnitude of 
TTS is a function of cumulative acoustic energy (SEL) is probably an oversimplification.  Kastak 
et al. (2005) reported preliminary evidence from pinnipeds that, for prolonged non-impulse 
noise, higher SELs were required to elicit a given TTS if exposure duration was short than if it 
was longer, i.e., the results were not fully consistent with an equal-energy model to predict TTS 
onset.  Mooney et al. (2009a) showed this in a bottlenose dolphin exposed to octave-band non-
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impulse noise ranging from 4 to 8 kHz at SPLs of 130 to 178 dB re 1 μPa for periods of 1.88 to 
30 minutes (min).  Higher SELs were required to induce a given TTS if exposure duration was 
short than if it was longer.  Exposure of the aforementioned bottlenose dolphin to a sequence of 
brief sonar signals showed that, with those brief (but non-impulse) sounds, the received energy 
(SEL) necessary to elicit TTS was higher than was the case with exposure to the more 
prolonged octave-band noise (Mooney et al. 2009b).  The researchers concluded that, when 
using (non-impulse) acoustic signals of duration approximately 0.5 s, SEL must be at least 210 - 
214 dB re 1 μPa2-s to induce TTS in the bottlenose dolphin.  Most recent studies conducted by 
Finneran et al. also support the notion that exposure duration has a more significant influence 
compared to SPL as the duration increases, and that TTS growth data are better represented as 
functions of SPL and duration rather than SEL alone (Finneran et al., 2010a, 2010b).  In 
addition, Finneran et al. (2010b) conclude that when animals are exposed to intermittent noises, 
there is recovery of hearing during the quiet intervals between exposures through the 
accumulation of TTS across multiple exposures.  Such findings suggest that when exposed to 
multiple seismic pulses, partial hearing recovery also occurs during the seismic pulse intervals. 

For baleen whales, there are no data, direct or indirect, on levels or properties of sound 
that are required to induce TTS.  The frequencies to which baleen whales are most sensitive are 
lower than those to which odontocetes are most sensitive, and natural ambient noise levels at 
those low frequencies tend to be higher (Urick, 1983).  As a result, auditory thresholds of baleen 
whales within their frequency band of best hearing are believed to be higher (less sensitive) 
than are those of odontocetes at their best frequencies (Clark and Ellison, 2004).  From this, it is 
suspected that received levels causing TTS onset may also be higher in baleen whales.  
However, no cases of TTS are expected given the small size of the airguns proposed to be 
used and the strong likelihood that baleen whales (especially migrating bowheads) would avoid 
the approaching airguns (or vessel) before being exposed to levels high enough for there to be 
any possibility of TTS.  

In pinnipeds, TTS thresholds associated with exposure to brief pulses (single or multiple) 
of underwater sound have not been measured.  Initial evidence from prolonged exposures 
suggested that some pinnipeds may incur TTS at somewhat lower received levels than do small 
odontocetes exposed for similar durations (Kastak et al., 1999, 2005).  However, more recent 
indications are that TTS onset in the most sensitive pinniped species studied (harbor seal, 
which is closely related to the ringed seal) may occur at a similar SEL as in odontocetes (Kastak 
et al., 2005).  

Most cetaceans show some degree of avoidance of seismic vessels operating an airgun 
array (see above). It is unlikely that these cetaceans would be exposed to airgun pulses at a 
sufficiently high level for a sufficiently long period to cause more than mild TTS, given the 
relative movement of the vessel and the marine mammal (NMFS, 2010).  TTS would be more 
likely in any odontocetes that bow- or wake-ride or otherwise linger near the airguns.  However, 
while bow- or wake-riding, odontocetes would be at the surface and thus not exposed to strong 
sound pulses given the pressure release and Lloyd Mirror effects at the surface.  But if bow- or 
wake-riding animals were to dive intermittently near airguns, they would be exposed to strong 
sound pulses, possibly repeatedly (NMFS, 2010).  
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If some cetaceans did incur mild or moderate TTS through exposure to airgun sounds in 
this manner, this would very likely be a temporary and reversible phenomenon.  However, even 
a temporary reduction in hearing sensitivity could be deleterious in the event that, during that 
period of reduced sensitivity, a marine mammal needed its full hearing sensitivity to detect 
approaching predators (NMFS, 2010). 

Some pinnipeds show avoidance reactions to airguns, but their avoidance reactions are 
generally not as strong or consistent as those of cetaceans.  Pinnipeds occasionally seem to be 
attracted to operating seismic vessels (NMFS, 2010).  There are no specific data on TTS 
thresholds of pinnipeds exposed to single or multiple low-frequency pulses.  However, given the 
indirect indications of a lower TTS threshold for the harbor seal than for odontocetes exposed to 
impulse sound (see above), it is possible that some pinnipeds within the 190-dB isopleths for a 
prolonged time of a large airgun array could incur TTS (NMFS, 2010).  

Current NMFS’ noise exposure standards require that cetaceans and pinnipeds should 
not be exposed to pulsed underwater noise at received levels exceeding, respectively, 180 and 
190 dB re 1 μPa (rms) (NMFS, 2010).  These criteria were taken from recommendations by an 
expert panel of the High Energy Seismic Survey (HESS) Team that did assessment on noise 
impacts by seismic airguns to marine mammals in 1997, although the HESS Team 
recommended a 180-dB limit for pinnipeds in California (HESS, 1999).  The 180 and 190 dB re 
1 μPa (rms) levels have not been considered to be the levels above which TTS might occur.  
Rather, they were the received levels above which, in the view of a panel of bioacoustics 
specialists convened by NMFS before TTS measurements for marine mammals started to 
become available, one could not be certain that there would be no injurious effects, auditory or 
otherwise, to marine mammals.  As summarized above, data that are now available imply that 
TTS is unlikely to occur in various odontocetes (and probably mysticetes as well) unless they 
are exposed to a sequence of several airgun pulses stronger than 190 dB re 1 μPa (rms).  On 
the other hand, for the harbor seal, harbor porpoise, and perhaps some other species, TTS may 
occur upon exposure to one or more airgun pulses whose received level equals the NMFS “do 
not exceed” value of 190 dB re 1 μPa (rms).  That criterion corresponds to a single-pulse SEL of 
175-180 dB re 1 μPa2-s in typical conditions, whereas TTS is suspected to be possible in 
harbor seals and harbor porpoises with a cumulative SEL of approximately171 and 
approximately164 dB re 1 μPa2-s, respectively. 

It has been shown that most marine mammals show at least localized avoidance of 
ships and/or seismic operations.  Even when avoidance is limited to the area within a few 
hundred meters of an airgun array, that should usually be sufficient to avoid TTS based on what 
is currently known about thresholds for TTS onset in cetaceans.  In addition, ramping up airgun 
arrays, which is standard operational protocol for many seismic operators, should allow 
cetaceans near the airguns at the time of startup (if the sounds are aversive) to move away from 
the seismic source and to avoid being exposed to the full acoustic output of the airgun array.  
Thus, most baleen whales likely will not be exposed to high levels of airgun sounds provided the 
ramp-up procedure is applied.  Likewise, many odontocetes close to the trackline are likely to 
move away before the sounds from an approaching seismic vessel become sufficiently strong 
for there to be any potential for TTS or other hearing impairment.  Hence, there is little potential 
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for baleen whales or odontocetes that show avoidance of ships or airguns to be close enough to 
an airgun array to experience TTS.  Therefore, it is not likely that marine mammals in the vicinity 
of the proposed open water marine and seismic surveys by PG&E would experience TTS as a 
result of these activities. 

Permanent Threshold Shift.  When PTS occurs, there is physical damage to the sound 
receptors in the ear.  In severe cases, there can be total or partial deafness, whereas, in other 
cases, the animal has an impaired ability to hear sounds in specific frequency ranges (Kryter, 
1985).  

There is no specific evidence that exposure to pulses of airgun sound can cause PTS in 
any marine mammal, even with large arrays of airguns.  However, given the possibility that 
mammals close to an airgun array might incur at least mild TTS, there has been further 
speculation about the possibility that some individuals occurring very close to airguns might 
incur PTS (e.g., Richardson et al., 1995; Gedamke et al., 2008).  Single or occasional 
occurrences of mild TTS are not indicative of permanent auditory damage, but repeated or (in 
some cases) single exposures to a level well above that causing TTS onset might elicit PTS.  

Relationships between TTS and PTS thresholds have not been studied in marine 
mammals, but are assumed to be similar to those in humans and other terrestrial mammals 
(Southall et al., 2007).  Based on data from terrestrial mammals, a precautionary assumption is 
that the PTS threshold for impulse sounds (such as airgun pulses as received close to the 
source) is at least 6 dB higher than the TTS threshold on a peak-pressure basis, and probably 
>6 dB higher (Southall et al., 2007).  The low-to-moderate levels of TTS that have been induced 
in captive odontocetes and pinnipeds during controlled studies of TTS have been confirmed to 
be temporary, with no measurable residual PTS (Kastak et al., 1999; Schlundt et al., 2000; 
Finneran et al., 2002, 2005; Nachtigall et al., 2003, 2004).  However, very prolonged exposure 
to sound strong enough to elicit TTS, or shorter-term exposure to sound levels well above the 
TTS threshold, can cause PTS, at least in terrestrial mammals (Kryter, 1985).  In terrestrial 
mammals, the received sound level from a single non-impulsive sound exposure must be far 
above the TTS threshold for any risk of permanent hearing damage (Kryter, 1994; Richardson 
et al., 1995; Southall et al., 2007).  However, there is special concern about strong sounds 
whose pulses have very rapid rise times.  In terrestrial mammals, there are situations when 
pulses with rapid rise times (e.g., from explosions) can result in PTS even though their peak 
levels are only a few dB higher than the level causing slight TTS.  The rise time of airgun pulses 
is fast, but not as fast as that of an explosion.  

Some factors that contribute to onset of PTS, at least in terrestrial mammals, are as 
follows:  

• exposure to single very intense sound; 

• fast rise time from baseline to peak pressure;  

• repetitive exposure to intense sounds that individually cause TTS but not PTS; and,  

• recurrent ear infections or (in captive animals) exposure to certain drugs.  
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Cavanagh (2000) reviewed the thresholds used to define TTS and PTS.  Based on this 
review and SACLANT (1998), it is reasonable to assume that PTS might occur at a received 
sound level 20 dB or more above that inducing mild TTS.  However, for PTS to occur at a 
received level only 20 dB above the TTS threshold, the animal probably would have to be 
exposed to a strong sound for an extended period, or to a strong sound with rather rapid rise 
time.  

More recently, Southall et al., (2007) estimated that received levels would need to 
exceed the TTS threshold by at least 15 dB, on an SEL basis, for there to be risk of PTS.  Thus, 
for cetaceans exposed to a sequence of sound pulses, they estimate that the PTS threshold 
might be an M-weighted SEL (for the sequence of received pulses) of approximately198 dB re 1 
μPa2-s.  Additional assumptions had to be made to derive a corresponding estimate for 
pinnipeds, as the only available data on TTS-thresholds in pinnipeds pertained to non-impulse 
sound (see above).  Southall et al., (2007) estimated that the PTS threshold could be a 
cumulative SEL of approximately186 dB re 1 μPa2-s in the case of a harbor seal exposed to 
impulse sound.  The PTS threshold for the California sea lion and northern elephant seal would 
probably be higher given the higher TTS thresholds in those species. Southall et al., (2007) also 
note that, regardless of the SEL, there is concern about the possibility of PTS if a cetacean or 
pinniped received one or more pulses with peak pressure exceeding 230 or 218 dB re 1 μPa, 
respectively.  Thus, PTS might be expected upon exposure of cetaceans to either SEL ≥198 dB 
re 1 μPa2-s or peak pressure ≥230 dB re 1 μPa.  Corresponding proposed dual criteria for 
pinnipeds (at least harbor seals) are ≥186 dB SEL and ≥ 218 dB peak pressure (Southall et al., 
2007).  These estimates are all first approximations, given the limited underlying data, 
assumptions, species differences, and evidence that the “equal energy” model may not be 
entirely correct.  

Sound impulse duration, peak amplitude, rise time, number of pulses, and inter-pulse 
interval are the main factors thought to determine the onset and extent of PTS.  Ketten (1993) 
has noted that the criteria for differentiating the sound pressure levels that result in PTS (or 
TTS) are location and species specific. PTS effects may also be influenced strongly by the 
health of the receiver’s ear. 

As described above for TTS, in estimating the amount of sound energy required to elicit 
the onset of TTS (and PTS), it is assumed that the auditory effect of a given cumulative SEL 
from a series of pulses is the same as if that amount of sound energy were received as a single 
strong sound.  There are no data from marine mammals concerning the occurrence or 
magnitude of a potential partial recovery effect between pulses.  In deriving the estimates of 
PTS (and TTS) thresholds quoted here, Southall et al. (2007) made the precautionary 
assumption that no recovery would occur between pulses. 

It is unlikely that an odontocete would remain close enough to a large airgun array for 
sufficiently long to incur PTS because monitoring and mitigation measures would have the 
source powered down or shutdown, thereby preventing marine mammals from prolonged 
exposure.  There is some concern about bow-riding odontocetes, but for animals at or near the 
surface, auditory effects are reduced by Lloyd’s mirror and surface release effects.  The 
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presence of the vessel between the airgun array and bow-riding odontocetes could also, in 
some but probably not all cases reduce the levels received by bow-riding animals (e.g., Gabriele 
and Kipple, 2009).  The TTS (and thus PTS) thresholds of baleen whales are unknown but, as 
an interim measure, assumed to be no lower than those of odontocetes.  Also, baleen whales 
generally avoid the immediate area around operating seismic vessels, so it is unlikely that a 
baleen whale could incur PTS from exposure to airgun pulses.  The TTS (and thus PTS) 
thresholds of some pinnipeds (e.g., harbor seal), as well as the harbor porpoise, may be lower 
(Kastak et al., 2005; Southall et al., 2007; Lucke et al., 2009).  If so, TTS and potentially PTS 
may extend to a somewhat greater distance for those animals.  Again, Lloyd’s mirror and 
surface release effects will ameliorate the effects for animals at or near the surface.  

Although it is unlikely that airgun operations during most seismic surveys would cause 
PTS in many marine mammals, caution is warranted given  

• the limited knowledge about noise-induced hearing damage in marine mammals, 
particularly baleen whales, and pinnipeds;  

• the seemingly greater susceptibility of certain species (e.g., harbor porpoise and 
harbor seal) to TTS and presumably also PTS; and,  

• the lack of knowledge about TTS and PTS thresholds in many species, including 
various species closely related to the harbor porpoise and harbor seal.  

The avoidance reactions of many marine mammals, along with commonly-applied 
monitoring and mitigation measures (See Appendix E Marine Wildlife Contingency Plan), would 
reduce the already-low probability of exposure of marine mammals to sounds strong enough to 
induce PTS. 

Stranding and Mortality.  Marine mammals close to underwater detonations of high 
explosives can be killed or severely injured, and the auditory organs are especially susceptible 
to injury (Ketten et al., 1993; Ketten, 1995).  However, explosives are no longer used for marine 
waters for commercial seismic surveys or (with rare exceptions) for seismic research; they have 
been replaced entirely by airguns or related non-explosive pulse generators.  Airgun pulses are 
less energetic and have slower rise times, and there is no specific evidence that they can cause 
serious injury, death, or stranding even in the case of large airgun arrays.   

Specific sound-related processes that lead to strandings and mortality are not well 
documented, but may include (1) swimming in avoidance of a sound into shallow water; (2) a 
change in behavior (such as a change in diving behavior) that might contribute to tissue 
damage, gas bubble formation, hypoxia, cardiac arrhythmia, hypertensive hemorrhage or other 
forms of trauma; (3) a physiological change such as a vestibular response leading to a 
behavioral change or stress-induced hemorrhagic diathesis, leading in turn to tissue damage; 
and (4) tissue damage directly from sound exposure, such as through acoustically mediated 
bubble formation and growth or acoustic resonance of tissues.  Some of these mechanisms are 
unlikely to apply in the case of impulse sounds.  However, there are increasing indications that 
gas-bubble disease (analogous to “the bends”), induced in supersaturated tissue by a 
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behavioral response to acoustic exposure, could be a pathologic mechanism for the strandings 
and mortality of some deep-diving cetaceans exposed to sonar.  The evidence for this remains 
circumstantial and associated with exposure to naval mid-frequency sonar, not seismic surveys 
(Cox et al., 2006; Southall et al., 2007).  

Seismic pulses and mid-frequency sonar signals are quite different, and some 
mechanisms by which sonar sounds have been hypothesized to affect beaked whales are 
unlikely to apply to airgun pulses.  Sounds produced by airgun arrays are broadband impulses 
with most of the energy below 1 kHz.  Typical military mid-frequency sonar emit non-impulse 
sounds at frequencies of 2-10 kHz, generally with a relatively narrow bandwidth at any one time.  
A further difference between seismic surveys and naval exercises is that naval exercises can 
involve sound sources on more than one vessel.  Thus, it is not appropriate to assume that 
there is a direct connection between the effects of military sonar and seismic surveys on marine 
mammals.  However, evidence that sonar signals can, in special circumstances, lead (at least 
indirectly) to physical damage and mortality (e.g., Balcomb and Claridge, 2001; NOAA and 
USN, 2001; Jepson et al., 2003; Fernández et al., 2004, 2005; Hildebrand, 2005; Cox et al., 
2006) suggests that caution is warranted when dealing with exposure of marine mammals to 
any high-intensity “pulsed” sound.  

L-DEO (2011) noted there is currently no conclusive evidence of cetacean stranding or 
deaths at sea as a result of exposure to seismic surveys, but a few cases of strandings in the 
general area where a seismic survey was ongoing have led to speculation of a possible link.   

Engel et al., (2004, in LDEO, 2011) suggested that humpback whales wintering off Brazil 
may be displaced or even stranded during seismic surveys.  Others have suggested the 
evidence was circumstantial and subject to alternative explanations (IAGC, 2004), or 
inconsistent with subsequent results from the same area (IAGC, 2004; Parente et al. 2006, in L-
DEO, 2011).  Based on data from subsequent years, no observable direct correlation between 
strandings and seismic surveys was found (IWC, 2007, L-DEO, 2011). 

In September 2002, two Cuvier’s beaked whales stranded in the Gulf of California, 
Mexico at the same time when the L-DEO vessel R.V Maurice Ewing was operating a 20-airgun, 
8,490 in3 airgun array in the general area.  The link was inconclusive and not based on any 
physical evidence (Hogarth, 2002; Yoder, 2002, in L-DEO, 2011).  A need for caution is 
recommended when conducting seismic surveys in area occupied by beaked whales until more 
in know about effect on those species (L-DEO, 2011). 

Non-auditory Physiological Effects.  Non-auditory physiological effects or injuries that 
theoretically might occur in marine mammals exposed to strong underwater sound include 
stress, neurological effects, bubble formation, resonance, and other types of organ or tissue 
damage (Cox et al., 2006; Southall et al., 2007).  Studies examining such effects are limited.  
However, resonance effects (Gentry, 2002) and direct noise-induced bubble formation (Crum et 
al., 2005) are implausible in the case of exposure to an impulsive broadband source like an 
airgun array.  If seismic surveys disrupt diving patterns of deep-diving species, this might 
perhaps result in bubble formation and a form of “the bends”, as speculated to occur in beaked 
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whales exposed to sonar.  However, there is no specific evidence of this upon exposure to 
airgun pulses.  

In general, very little is known about the potential for seismic survey sounds (or other 
types of strong underwater sounds) to cause non-auditory physical effects in marine mammals.  
Such effects, if they occur at all, would presumably be limited to short distances and to activities 
that extend over a prolonged period.  The available data do not allow identification of a specific 
exposure level above which non-auditory effects can be expected (Southall et al., 2007), or any 
meaningful quantitative predictions of the numbers (if any) of marine mammals that might be 
affected in those ways.  Marine mammals that show behavioral avoidance of seismic vessels, 
including most baleen whales.  Some odontocetes, and some pinnipeds, are especially unlikely 
to incur non-auditory physical effects.  Also, the planned mitigation measures (See Appendix E, 
Marine Wildlife Contingency Plan), including shut downs of the airguns, will reduce any such 
effects that might otherwise occur.  

A.5.2.2 Fishes 

Seismic surveys using airguns can disturb and displace fishes and interrupt feeding, but 
displacement may vary among species (Pearson, Skalski, and Malme, 1992, in MMS, 2005).  
Pelagic or nomadic fishes leave seismic survey areas, and displace up to 33 km from the survey 
center (Engas et al., 1999; Likkeborg and Soldal, 1993, in MMS, 2005).  L-DEO (2011) noted 
that the potential effect of seismic surveys on fish include: 1) pathological; 2) physiological; and 
3) behavioral. 

Pathological.  The potential for pathological damage to hearing structures in fish 
depends on the energy level of the received sound and the physiology and hearing capabilities 
of the species in question (L-DEO, 2011).   

McCauley, Fewtree, and Popper, 2003, in MMS, 2005) noted the fishes exposed to an 
operating airgun may sustain extensive damage to their auditory hair cell, which would likely 
adversely affect hearing.  Two months after exposure, the damage had not been repaired.  
Further, fishes with impaired hearing may have a temporary reduction in fitness resulting in 
increased vulnerability to predation, less success in locating prey and sensing their acoustic 
environmental, and, in the case of vocal fishes, reduction in ability to communicate.  Some 
fishes displayed aberrant and disoriented swimming behavior, suggesting vestibular impacts.  
There was also evidence that seismic survey acoustic-energy sources could damage eggs and 
fry of some fishes, but the effect was limited to within 1 to 2 m of the array.   

Popper et al. (2005, in MMS, 2005) investigated the effects of a 730 in3 airgun array on 
the hearing of northern pike, broad whitefish, and lake chub in the Mackenzie River Delta.  
Threshold shifts were found for exposed fish at exposure of sound levels of 177 dB re 1µPa2 s, 
as compared to controls in the northern pike and lake chub, with recovery within 24 hours.  
There was no threshold shift in the broad whitefish. 
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An experiment of the effects of a single, 700 in3 airgun was conducted in Lake Mead, 
Nevada (USGS, 1999).  The data were used in an environmental assessment of the effects of a 
marine reflection survey of the Lake Meade fault system by the National Park Service (Paulson 
et al., 1993, in USGS, 1999).  The airgun was suspended 3.5 m above a school of threadfin 
shad in Lake Meade and was first three successive times at a 30-second interval.  Neither 
surface inspection nor diver observations of the water column and bottom found any dead fish. 

For a proposed seismic survey in Southern California, USGS (1999) conducted a review 
of the literature on the effects of airguns on fish and fisheries.  They reported a 1991 study of 
the Bay Area Fault system from the continental shelf to the Sacramento River, USGS using a 
10-gun, 5,828 in3 airgun array.  Brezina and Associates were hired to monitor the effects of the 
surveys, and concluded that airgun operations were not responsible for the death of any of the 
fish carcasses observed, and the airgun profiling did not appear to alter the feeding behavior of 
sea lions, seals, or pelicans observed feeding during the surveys. 

Some studies have reported, some equivocally, that mortality of fish, fish eggs, or larvae 
can occur close to seismic sources (Kostyuchenko, 1973; Dalen and Knutsen, 1986; Boorman 
et al., 1996; Dalen et al., 1996, in L-DEO, 2011).  Some of the reports claimed seismic effects 
from treatments quite different from actual seismic survey sounds or even reasonable 
surrogates.  However, Payne et al. (2009, in L-DEO, 2011) reported no statistical differences in 
mortality/morbidity between control and exposed groups of capelin eggs or monkfish larvae.  
Saetre and Ona (1996, in L-DEO, 2011) applied a “worst-case scenario” mathematical model to 
investigate the effects of seismic energy on fish eggs and larvae.  They concluded that mortality 
rates caused by exposure to seismic surveys are so low, as compared against natural mortality 
rates, that the impact of seismic surveying on recruitment to a fish stock must be regarded as 
insignificant. 

Physiological.  Physiological effects refer to cellular and/or biochemical responses of fish 
to acoustic stress.  Such stress potentially could affect fish populations by increasing mortality 
or reducing reproductive success.  Primary and secondary stress responses of fish after 
exposure to seismic survey sound appear to be temporary in all studies done to date (Sverdrup 
et al., 1994; Santulli et al., 1999; McCauley et al., 2000a,b, in L-DEO, 2011).  The periods 
necessary for the biochemical changes to return to normal are variable and depend on 
numerous aspects of the biology of the species and the sound stimulus. 

Behavioral Effects.  Behavioral effects include changes in the distribution, migration, 
mating, and catchability of fish populations.  Studies investigating the possible effects of sound 
(including seismic survey sound) on fish behavior have been conducted on both uncaged and 
caged individuals (Chapman and Hawkins, 1969; Pearson et al., 1992; Santulli et al., 1999; 
Wardle et al., 2001; Hassel et al., 2003, in LDEO, 2011).  Typically, fish exhibited a sharp 
“startle” response at the onset of a sound followed by habituation and a return to normal 
behavior after the sound ceased. 

MMS (2005) assessed the effects of a proposed seismic survey in Cook Inlet.  The 
seismic survey proposed using three vessels, each towing two, 4-airgun arrays ranging from 
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1,500 to 2,500 in3.  MMS (2005) noted that the impact to fish populations in the survey area and 
adjacent waters would likely to very low and temporary.  Seismic surveys may displace the 
pelagic fishes from the area temporarily when airguns are in use.  However, fishes displaced 
and avoiding the airgun noise are likely to backfill the survey area in minutes to hours after 
cessation of seismic testing.  Fishes not dispersing from the airgun noise (e.g., demersal 
species) may startle and move short distances to avoid airgun emissions. 

In general, any adverse effects on fish behavior or fisheries attributable to seismic 
testing may depend on the species, the nature of the fishery (season, duration, fishing method).  
They may also depend on the age of the fish, its motivational state, its size, and numerous other 
factors that are difficult, if not impossible, to quantify at this point, given such limited data on 
effects of airguns on fish, particularly under realistic at-sea conditions. 

A.5.2.3 Invertebrates 

The black abalone is the only listed invertebrate with the potential to occur in the seismic 
survey area.  No specific data were found concerning the effect of airgun use on black abalone.  
The only data found generally involved crustaceans and cephalopods, but not mollusks. 

Pathological Effects.  Controlled seismic survey sound experiments have been 
conducted on adult crustaceans and adult cephalopods (Christian et al. 2003, 2004; DFO, 2004; 
McCauley et al., 2000a,b).  No significant pathological impacts were found.  It has been 
suggested that exposure to commercial seismic survey activities had injured giant squid (Guerra 
et al., 2004), but there is no evidence to support such claims. 

Physiological Effects.  Primary and secondary stress responses in crustaceans, as 
measured by changes in haemolymph levels of enzymes, proteins, etc., were noted several 
days and months after exposure to seismic sounds (Payne et al., 2007, in L-DEO, 2011). 

Behavioral Effects.  In a study by McCauley et al. 2000a,b, in L-DEO, 2011), squid 
exhibited a startle response during exposure to seismic sounds.  No behavioral impacts were 
exhibited by crustaceans (Christian et al., 2003, 2004; DFO, 2004, in L-DEO, 2011).  Adriguetto-
Filho et al. (2005, in L-DEO, 2011) noted anecdotal reports of reduced catch rates of shrimp 
after exposure to seismic surveys; however, other studies have not reported significant changes 
in catch rates.  Parry and Gason (2006, in L-DEO, 2011) did not find evidence of a reduced 
catch rate for lobsters exposed to seismic surveys. 

A.5.3 Measures to Reduce Potential Noise Impacts on Marine Wildlife 

During marine survey operations, potential impacts to marine wildlife include exposure to 
high sound levels associated with the use of the air guns, direct collisions with the survey 
vessels, and oil contamination.  PG&E is proposing to implement a Marine Wildlife Contingency 
Plan that includes measures designed to reduce the potential impacts on marine wildlife, 
particularly marine mammals, from the proposed operations.  This program will be implemented 
in compliance with measures developed in consultation with the National Oceanic and 
Atmospheric Administration Fisheries Service (NOAA Fisheries) and will be based on 
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anticipated safety zones derived from modeling of the selected energy source levels.  These 
safety zones will be reviewed in context with Incidental Harassment Authorization (IHA) to be 
conducted by NOAA Fisheries as part of the project review under the Federal Endangered 
Species Act and Marine Mammal Protection Act. 

The PG&E Marine Wildlife Contingency Plan (MWCP) (Appendix E) is a combination of 
active monitoring of the area of operations and the implementation of mitigation measures 
designed to minimize project impacts to marine resources.  If marine mammals or other 
sensitive wildlife are observed within or about to enter specific safety radii around the proposed 
survey activities, mitigation will be initiated by vessel-based marine mammal monitors.  The size 
of the 180 dB re 1 μPa (rms) exclusion were modeled and are described below in the section 
Mitigation Measures during Survey Activities.  These radii will be used to initiate mitigation 
during initial survey activities at which time an acoustics contractor will measure underwater 
sound propagation from the airguns to empirically determine the size of the safety radii. These 
measured radii will be used for mitigation purposes as soon as they become available and 
through the duration of the survey.  An initial sound source analysis will be supplied to NMFS 
and the seismic survey operators within 120 hours of completion of the measurements.  

Visual monitoring by marine mammal monitors during airgun survey activities, and 
periods when geophysical surveys are not active, will provide information on the numbers of 
marine mammals potentially affected by the survey activities and facilitate real-time mitigation to 
prevent impacts to marine mammals by industrial sounds or activities.  Marine mammal 
monitors onboard the survey vessel will record the numbers and species of marine mammals 
observed in the area and any observable reaction of marine mammals to the survey activities. 

A.5.3.1 Vessel-based Marine Wildlife Contingency Plan 

The vessel-based operations of PG&E MWCP are designed to meet the anticipated 
requirements of Incidental Harassment Authorization (IHA) and Letter of Authorization (LOA) 
permits issued by NMFS and USFWS, respectively, and to meet any other stipulation 
agreements between PG&E and other permitting agencies.  The objectives of the program will 
be:  

• to ensure that disturbance to marine mammals and other sensitive marine species 
are minimized and all permit stipulations are followed;  

• to document the effects of the proposed survey activities on marine wildlife; and,  

• to collect baseline data on the occurrence and distribution of marine wildlife in the 
study area.  

The MWCP will be implemented by a team of experienced marine mammal monitors. 
Monitors will be stationed aboard the survey vessels through the duration of the Project. 
Reporting of the results of the vessel-based monitoring program will include the estimation of 
the number of takes as stipulated in the Final IHA and LOA.  
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The vessel-based work will provide:  

• the basis for real-time mitigation, if necessary, as required by the various permits 
issued to PG&E; 

• information needed to estimate the number of “takes” of marine mammals by 
harassment, which must be reported to NMFS and USFWS;  

• data on the occurrence, distribution, and activities of marine wildlife in the areas 
where the survey program is conducted; and, 

• information to compare the distances, distributions, behavior, and movements of 
marine mammals relative to the survey vessel at times with and without airgun 
activity. 

A.5.3.2 Aerial Surveys 

PG&E proposes to conduct aerial surveys in conjunction with the proposed seismic 
survey operations.  The purpose of these survey efforts are: 

• to obtain pre-survey information on the numbers and distribution of marine mammals 
in the seismic survey area;  

• to document changes in the behavior and distribution of marine mammals in 
the area during seismic operations; and, in some cases; and,  

• to obtain post-survey information on marine mammals in the survey area to 
document whether detectable changes in numbers and distribution have occurred in 
response to the seismic operations. 

With the anticipated timing of the seismic survey operations, particular attention will be 
taken to identify the presences of blue and humpback whales, as well as fin whales, due to the 
high likelihood to be present in the Project area (June to October).  Should survey operations 
occur later in the year, additional efforts will focus on gray whale migration activities (mid-
December through mid-May). 

Aerial surveys operations will include the follow components: 

• Approximately one week prior to the start of seismic survey operations, an aerial 
survey will be flown to establish a baseline for numbers and distribution of marine 
mammals in the Project area; 

• Aerial surveys will be conducted during the initial phase of seismic survey operations 
to assist in the identification of marine mammals within the Project safety zone.  
Aerial monitors will work in direct communications with ship-based monitors to 
assess the effectiveness of monitoring operations.  Based on the results of these 
coordinated monitoring efforts, the need for additional aerial surveys will evaluated; 
and, 
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• Approximately one week prior to the completion of the offshore seismic survey 
operations a final aerial survey will be conducted to document the number and 
distribution of marine mammals in the Project area.  These data will be used in 
comparison with original survey data completed prior to the seismic operations. 

A.5.3.4 Mitigation Measures During Survey Activities 

PG&E’s planned site survey program incorporates both design features and operational 
procedures for minimizing potential impacts on marine mammals and sensitive species.  The 
design features and operational procedures have been described in the IHA and LOA 
applications submitted to NMFS and USFWS, respectively, and are summarized below.  Survey 
design features include:  

• timing and locating survey activities to avoid interference with the annual gray whale 
migration period;  

• identifying transit routes and timing to minimize impacts to commercial and 
recreational fishing operations;  

• limiting the size of the seismic sound source to minimize energy introduced into the 
marine environment; and, 

• establishing precautionary safety radii based on previous measurements of a similar 
sound source in the area.  

The potential disturbance of marine mammals during survey operations will be 
minimized further through the implementation of several ship-based mitigation measures if 
mitigation becomes necessary.  

A.5.3.5 Safety and Disturbance Zones 

Under current NMFS guidelines (e.g., NMFS 2000), “exclusion zone” for marine 
mammals around industrial sound sources are customarily defined as the distances within 
which received sound levels are ≥180 dB re 1 µPa (rms) for cetaceans and pinnipeds.  These 
safety criteria are based on an assumption that sound energy received at lower received levels 
will not injure these animals or impair their hearing abilities, but that higher received levels might 
have some effects.  Disturbance or behavioral effects to marine mammals from underwater 
sound may occur after exposure to sound at distances greater than the designated exclusion 
zone (Richardson et al. 1995).   
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Initial exclusion and disturbance zones for the sound levels produced by the planned 
airgun configurations have been estimated (Table A.5-1). 

Table A.5-1.  Predicted RMS Radii (m) 

 

An acoustics contractor will perform direct measurements of the received levels of 
underwater sound versus distance and direction from the airguns survey vessel using calibrated 
hydrophones.  The acoustic data will be analyzed as quickly as reasonably practicable in the 
field and used to verify and adjust the safety distances.  The field report will be made available 
to NMFS and the marine mammal monitors within 120 hrs of completing the measurements.  
The mitigation measures to be implemented at the 180 dB sound levels will include power 
downs and shut downs as described below.   

A.5.3.6 Speed and Course Alterations 

If a marine mammal is detected outside the applicable exclusion zone and, based on its 
position and the relative motion, is likely to enter the exclusion zone, changes of the vessel's 
speed will be considered if this does not compromise operational safety.  For marine seismic 
surveys using large streamer arrays, course alterations are not typically possible.  After any 
such speed and/or course alteration is begun, the marine mammal activities and movements 
relative to the seismic vessel will be closely monitored to ensure that the marine mammal does 
not approach within the exclusion zone.  If the mammal appears likely to enter the exclusion 
zone, further mitigation actions will be taken, including a power down or shut down of the 
airgun(s).  

A.5.3.7 Ramp Ups 

A ramp up of an airgun array provides a gradual increase in sound levels, and involves a 
step-wise increase in the number and total volume of airguns firing until the full volume is 
achieved.  The purpose of a ramp up (or soft start) is to “warn” cetaceans and pinnipeds in the 
vicinity of the airguns, and to provide the time for them to leave the area and thus avoid any 
potential injury or impairment of their hearing abilities.  
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During the proposed site survey program, the seismic operator will ramp up the airgun 
cluster slowly.  Full ramp ups (i.e., from a cold start after a shut down, when no airguns have 
been firing) will begin by firing a single airgun in the array.  The minimum duration of a shut-
down period, i.e., without air guns firing, which must be followed by a ramp up, is typically the 
amount of time it would take the source vessel to cover the 180-dB exclusion zone.  Given the 
size of the planned airgun array, we estimate that period to be about 1-2 minutes based on the 
modeling results described above and a survey speed of 4 kts.  

A full ramp up, after a shut down, will not begin until there has been a minimum of 30 
min of observation of the exclusion zone by marine mammal monitors to assure that no marine 
mammals are present.  The entire exclusion zone must be visible during the 30-minute lead-in 
to a full ramp up.  If the entire exclusion zone is not visible, then ramp up from a cold start 
cannot begin.  If a marine mammal(s) is sighted within the exclusionary zone during the 30-
minute watch prior to ramp up, ramp up will be delayed until the marine mammal(s) is sighted 
outside of the exclusion zone or the animal(s) is not sighted for at least 15-30 minutes: 15 
minutes for small odontocetes and pinnipeds, or 30 minutes for baleen whales and large 
odontocetes.  

During turns or brief transits between seismic transects, one airgun will continue 
operating.  The ramp-up procedure will still be followed when increasing the source levels from 
one airgun to the full airgun cluster.  However, keeping one airgun firing will avoid the prohibition 
of a cold start during darkness or other periods of poor visibility.  Through use of this approach, 
seismic operations can resume upon entry to a new transect without the 30-minute watch period 
of the full exclusion zone required for a cold start.  Marine mammal monitors will be on duty 
whenever the airguns are firing during daylight, and during the 30-min periods prior to ramp-ups 
as well as during ramp-ups.  The seismic operator and marine mammal monitors will maintain 
records of the times when ramp-ups start and when the airgun arrays reach full power.  

A.5.3.8 Power Downs 

A power down for mitigation purposes is the immediate reduction in the number of 
operating airguns such that the radii of the 180 dB (rms) zones are decreased to the extent that 
an observed marine mammal(s) are not in the applicable safety zone of the full array.  Power 
downs are also used while the vessel turns from the end of one survey line to the start of the 
next.  During a power down, one airgun (or some other number of airguns less than the full 
airgun array) continues firing.  The continued operation of one airgun is intended to (a) alert 
marine mammals to the presence of the seismic vessel in the area, and (b) retain the option of 
initiating a ramp up to full operations under poor visibility conditions.   

The array will be immediately powered down whenever a marine mammal is sighted 
approaching close to or within the applicable safety zone of the full array, but is outside the 
applicable safety zone of the single mitigation airgun.  Likewise, if a mammal is already within 
the safety zone when first detected, the airguns will be powered down immediately.  If a marine 
mammal is sighted within or about to enter the applicable safety zone of the single mitigation 
airgun, it too will be shut down (see following section).   
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Following a power down, operation of the full airgun array will not resume until the 
marine mammal has cleared the safety zone.  The animal will be considered to have cleared the 
safety zone if it:  

• is visually observed to have left the safety zone of the full array; or,  

• has not been seen within the zone for 15 min in the case of pinnipeds or small 
odontocetes; or,  

• has not been seen within the zone for 30 min in the case of mysticetes or large 
odontocetes.  

A.5.3.9 Shut Downs 

The operating airgun(s) will be shut down completely if a marine mammal approaches or 
enters the then-applicable exclusion zone and a power down is not practical or adequate to 
reduce exposure to less than 180 dB (rms), as appropriate.  In most cases, this means the 
mitigation airgun will be shut down completely if a marine mammal approaches or enters the 
estimated exclusion zone around the single mitigation airgun while it is operating during a power 
down.  Airgun activity will not resume until the marine mammal has cleared the exclusion zone.  
The animal will be considered to have cleared the exclusion zone as described above under 
power down procedures.  

A.5.3.10 Monitors 

Vessel-based monitoring for marine wildlife will be done by trained marine mammal 
monitors throughout the period of survey activities to comply with expected provisions in the IHA 
and LOA that PG&E receives.  The observers will monitor the occurrence and behavior of 
marine mammals near the survey vessels during all operations.  Marine mammal monitor duties 
will include watching for and identifying marine mammals; recording their numbers, distances, 
and reactions to the survey operations; and, documenting “take by harassment” as defined by 
NMFS.  

• A sufficient number of marine mammal monitors will be required onboard the survey 
vessel to meet the following criteria:  

• 100 percent monitoring coverage during all periods of survey operations in daylight;  

• maximum of four consecutive hours on watch per marine mammal monitor; and, 

• maximum of ~12 hours of watch time per day per marine mammal monitor.  

Marine mammal monitoring teams will consist of experienced field biologists.  An 
experienced field crew leader will supervise the marine mammal monitor team onboard the 
survey vessels.  PG&E currently plans to have three to six marine mammal monitors aboard the 
site survey vessel with three monitors typically on duty..  
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Crew leaders and most other biologists serving as observers in 2011 will be individuals 
with experience as observers during shallow hazards monitoring projects in California, or other 
offshore areas in recent years.  

Biologist-observers will have previous marine mammal observation experience, and field 
crew leaders will be highly experienced with previous vessel-based marine mammal monitoring 
and mitigation projects.  Resumes for those individuals will be provided to NMFS for review and 
acceptance of their qualifications.  Observers will be experienced in the region, familiar with the 
marine mammals of the area, and complete an observer training course designed to familiarize 
individuals with monitoring and data collection procedures.  

The observer(s) will watch for marine mammals from the best available vantage point on 
the survey vessels, typically the bridge or from dedicated monitoring vessel.  The observer(s) 
will scan systematically with the unaided eye with binoculars.  Personnel on the bridge will 
assist the marine mammal observer(s) in watching for marine mammals.  

Information to be recorded by marine mammal observers will include the same types of 
information that were recorded during recent monitoring programs associated with surveys 
completed offshore California.  When a mammal sighting is made, the following information 
about the sighting will be recorded:  

• Species, group size, age/size/sex categories (if determinable), behavior when first 
sighted and after initial sighting, heading (if determinable), bearing and distance from 
observer, apparent reaction to activities (e.g., none, avoidance, approach, 
paralleling, etc.), closest point of approach, and pace;  

• Time, location (GPS coordinates), speed, and activity of the vessel, sea state, 
visibility, and sun glare; and,  

• The positions of other vessel(s) in the vicinity of the observer location.   

The ship’s position, speed of the vessel, water depth, sea state, visibility, and sun glare 
will also be recorded at the start and end of each observation watch, every 30 minutes during a 
watch, and whenever there is a substantial change in any of those variables.  

When a marine mammal is seen within the exclusion zone applicable to that species, the 
geophysical crew will be notified immediately so that mitigation measures called for in the 
applicable authorization(s) can be implemented.  It is expected that the airgun arrays will be 
shut down within several seconds—often before the next shot would be fired, and almost always 
before more than one additional shot is fired.  The marine mammal observer will then maintain a 
watch to determine when the mammal(s) appear to be outside the safety zone such that airgun 
operations can resume.  
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A.5.3.11 Field Data Recording, Verification, Handling, and Security 

The observers will record their observations onto datasheets or directly into handheld 
computers.  During periods between watches and periods when operations are suspended, 
those data will be entered into a laptop computer running a custom computer database.  The 
accuracy of the data entry will be verified in the field by computerized validity checks as the data 
are entered, and by subsequent manual checking of the database printouts.  These procedures 
will allow initial summaries of data to be prepared during and shortly after the field season, and 
will facilitate transfer of the data to statistical, graphical, or other programs for further 
processing.  Quality control of the data will be facilitated by: (1) the start-of season training 
session, (2) subsequent supervision by the onboard field crew leader, and (3) ongoing data 
checks during the field season.  

The data will be backed up regularly onto CDs and/or USB disks, and stored at separate 
locations on the vessel.  If possible, data sheets will be photocopied daily during the field 
season.  Data will be secured further by having data sheets and backup data CDs carried back 
to the shore during crew rotations.  

A.5.3.12 Field Reports 

Throughout the survey program, observers will prepare a report each day or at such 
other intervals as NMFS, USFWS, ACOE, State Land Commission, Coastal Commission, or 
PG&E may require, summarizing the recent results of the monitoring program.  The reports will 
summarize the species and numbers of marine mammals sighted.  These reports will be 
provided to NMFS and to the PG&E.  

A.5.3.13 Reporting 

The results of the vessel-based monitoring, including estimates of “take by harassment,” 
will be presented in the 90-day report and the final technical report.  Reporting will address the 
requirements established by NMFS and USFWS.  

The technical report(s) will include:  

• summaries of monitoring effort: total hours, total distances, and distribution of marine 
mammals through the study period accounting for sea state and other factors 
affecting visibility and detectability of marine mammals;  

• analyses of the effects of various factors influencing detectability of marine mammals 
including sea state, number of observers, and fog/glare;  

• species composition, occurrence, and distribution of marine mammal sightings 
including date, water depth, numbers, age/size/gender categories, and group sizes;  
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• analyses of the effects of survey operations: 

− sighting rates of marine mammals during periods with and without airgun 
activities (and other variables that could affect detectability);  

− initial sighting distances versus airgun activity state;  

− closest point of approach versus airgun activity state;  

− observed behaviors and types of movements versus airgun activity state;  

− numbers of sightings/individuals seen versus airgun activity state;  

− distribution around the survey vessel versus airgun activity state;  

− estimates of “take by harassment”.  

A.5.4 Oil Spill Potential 

The unintentional release of petroleum into the marine environment from proposed 
project activities could result in potentially significant impacts to the marine biota, particularly 
avifauna and early life stage forms of fish and invertebrates, which are sensitive to those 
chemicals.  Refined products (i.e., diesel, gasoline.) are more toxic than heavier crude or 
Bunker-type products, and the loss of a substantial amount of fuel or lubricating oil during 
construction operations could affect the water column, seafloor, and intertidal habitats and 
associated biota, resulting in their mortality or substantial injury, and in alteration of the existing 
habitat quality.  The release of petroleum into the marine environment is considered a 
potentially significant impact. 

Although many marine organisms have created adaptive strategies to survive in their 
environment, when these marine organisms are introduced to oil, it adversely affects them 
physiologically.  For example, physiological effects from oil spills on marine life could include the 
contamination of protective layers of fur or feather, loss of buoyancy, and loss of locomotive 
capabilities.  Direct lethal toxicity or sub-lethal irritation and temporary alteration of the chemical 
make-up of the ecosystem can also occur.  Oil spills have many variables to consider when 
dealing with the impact of the spill including: oil type, season of occurrence, animal behavior, 
oceanographic and meteorological conditions, and the cleanup methods employed (MMS, 
1983a).   

The possible effects of oil on marine wildlife has been studied and discussed by federal 
and state agencies such as the National Oceanic and NOAA and the California Department of 
Fish and Game (CDFG).  In 1995, the Office of Oil Spill Prevention and Response (OSPR) 
organized California’s existing oiled wildlife centers into the Oiled Wildlife Care Network 
(OWCN).  OSPR is an office within the CDFG and Game charged with oil spill prevention and 
response.  The office directs spill response, cleanup, and natural resource damage assessment 
activities (SBWCN, 2010).  The research and experiments conducted by these agencies is a 
cumulative ongoing effort to better understand what potential effects an oil spill of any 
magnitude will or may have on special status and protected species that includes invertebrates, 
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fish, turtles, marine birds, cetaceans, pinnipeds, and fissipeds.  The following text summarizes 
the potential impacts from exposure to oil spills. 

A.5.4.1 Marine Invertebrates 

Oil spill impacts on sensitive marine invertebrates, including the white and black 
abalone, would likely result from direct contact, ingestion of contaminated water and food 
(algae), and secondary impacts associated with response operations.  In the event of a spill 
related to the proposed Project activities, the oil would undergo considerable weathering before 
reaching the mainland.  Invertebrates would, therefore, be limited to exposure to highly 
weathered tar balls, which have limited toxicity.  Therefore, no adverse impacts would be 
minimal to sensitive invertebrates as a result of the proposed Project activities. 

A.5.4.2 Fish Resources 

The effects of oil on fish have been well documented both in the field and within a 
laboratory. This research shows that fish that are unable to avoid hydrocarbons with take them 
up from food, sediments, and surrounding waters.  Once these hydrocarbons are in the 
organism’s tissues, they will affect the life span through a variety of behavioral, physiological, or 
biochemical changes.  Also, exposure to oil will affect a species’ ability to search, find, and 
capture food, which will affect its nutritional health.  Early development life stages, such as 
larvae, will be especially impacted (Jarvela et al., 1984).  Small amounts of oil can impact fish 
embryos by causing physical deformities, damage to genetic material, and mortality (Carls, 
1999).  Fish species experience the highest mortalities due to oil exposure when they are eggs 
or larvae. However, these deaths would not be significant in terms of the species total 
population in offshore water (Jarvela et al, 1984).  Brief encounters with oil with juvenile and 
adult fish species would not likely be fatal.  Based on past studies of fish populations following 
oil spill events in the Santa Barbara and other locations, no long term adverse impacts to fish 
populations are anticipated as a result of the proposed Project. 

A.5.4.3 Sea Turtles 

Oil spills are not considered a high cause for mortality for sea turtles, although recent 
reports from the Gulf of Mexico Deepwater Horizon spill indicate a possible increase in 
strandings of oil impacted turtles.  Since sea turtles species have been listed as threatened or 
endangered under the 1973 U.S. Endangered Species Act, there is very little direct 
experimental evidence about the toxicity of oil to sea turtles.  Sea turtles are negatively affected 
by oil at all life stages: eggs on the beach, post hatchings, young sea turtles in near shore 
habitats, migrating adults, and foraging grounds.  Each life stage varies depending on the rate, 
severity, and effects of exposure. 

 Sea turtles are more vulnerable to oil impacts due to their biological and behavior 
characteristics including indiscriminate feeding in convergence zones, long pre-dive inhalations, 
and lack of avoidance behavior (Milton et al., 2004).  This type of diving behavior puts sea 
turtles at risk because they inhale a large amount of air before diving and will resurface over 
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time.  During an oil spill, this would expose sea turtles to long periods of both physical exposure 
and petroleum vapors, which can be the most harmful during an oil spill.  

A.5.4.4 Marine Birds 

Marine birds can be affected by direct contact with oil in three ways: thermal effects due 
to external oiling of plumage; toxic effects of ingested oil as adults; and effects on eggs, chicks, 
and reproductive abilities.  

The loss of waterproofing is the primary external effect of oil on marine birds.  Buoyancy 
is lost if the oiling is severe.  A main issue with oil on marine birds is the damage oil does to the 
arrangement of feathers, which is responsible of water repellency (Fabricius, 1959).  When this 
happens the water can go through the dense layers of feathers to the skin causing a loss of 
body heat (Hartung, 1964).  To survive the bird must metabolize fat, sugar, and eventually 
skeletal muscle proteins to maintain body heat.  The cause of oiled bird deaths can be the result 
from exposure and loss of these energy reserves as well as the toxic effects of ingested oil 
(Schultz et al., 1983).The internal effect of oil on marine birds varies.  Anemia can be the result 
of bleeding from inflamed intestinal walls.  Oil passing into the trachea and bronchi could result 
in the development of pneumonia.  A bird’s liver, kidney and pancreatic functions can be 
disturbed due to internal oil exposure.  Ingested oil can inhibit a bird’s mechanism for salt 
excretion that enables seabirds to obtain fresh water from salt water and could result in 
dehydration (Holmes and Cronshaw, 1975).  Studies have shown that ingested oil may alter egg 
yolk structure, reduce egg hatchability, and reduce egg-laying rate for seabirds (Grau et al., 
1977; Hartung, 1965).  When oil contacts the exterior of eggs it could reduce the hatching 
success (Hartung, 1965; Albers and Szaro, 1978; King and Lefever, 1979; Patten and Patten, 
1979; Coon et al., 1979; McGill and Richmond, 1979).  

A bird’s vulnerability to an oil spill depends on each individual species’ behavioral and 
other attributes.  The some of the more vulnerable species are alcids and sea ducks due to the 
large amount of time they spend on the ocean surface, dive when disturbed and they are 
gregarious.  Also, alcids and other birds have low reproductive rates which result in a lengthen 
population recovery time.  Birds’ vulnerability depends on the season as well. For example, 
colonial seabirds are most vulnerable between early spring through autumn because they are 
tied to breeding colonies.  

A.5.4.5 Cetaceans 

The documentation of the effects of oil on whales, dolphins and porpoises is limited due 
to the difficult reclusive nature and migratory behavior (Australian Maritime Safety Authority, 
2010).  The impact of direct contact with oil on the animal’s skin varies by species.  Cetaceans 
have no fur, which can be oiled and do not depend on fur for insulation.  Therefore, they are not 
susceptible to the insulation effects of hypothermia in other mammals.  However, external 
impacts to cetaceans from direct skin contract with oil could include: eye irritation, burns to 
mucous membranes of eyes and mouth, and increase vulnerability to infection (Office of 
Protected Resources - NOAA Fisheries, 2010). 
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Baleen whales skim the surface of water for feeding and are particularly vulnerable to 
ingesting oil and baleen fouling.  Adult cetacean would most likely not suffer from oil fouling of 
their blowholes because they spout before inhalation, clearing the blowhole.  Younger 
cetaceans are more vulnerable to inhale oil.  It has been suggested that some pelagic species 
can detect and avoid contact with oil (Australian Maritime Safety Authority, 2010).  This still 
presents a problem for those animals that must come up to the surface to breathe and to feed 
(MMS, 1983). 

Internal injury from oil is more likely for cetaceans due to oil.  Oil inhaled could result in 
respiratory irritation, inflammation, emphysema, or pneumonia.  Ingestion of oil could cause 
ulcers, bleeding, and disrupt digestive functions.  Both inhalation and ingested chemicals could 
cause damage in the liver, kidney, lead to reproductive failure, death, or result in anemia and 
immune suppression.  

A.5.4.6 Pinnipeds 

Seals and sea lions that come in contact with oil could experience a wide range of 
adverse impacts including: thermoregulatory problems: disruption of respiratory functions; 
ingestions of oil as a result of grooming or eating contaminated food; external irritation (eyes); 
mechanical effects; sensory disruption; abnormal behavioral responses; and loss of food by 
avoidance of contaminated areas.  

Guadalupe fur seals and northern fur seals could experience thermoregulatory problems 
if they come into contact with oil (Geraci and Smith, 1976).  Oil makes hair of a fur seal lose its 
insulating qualities.  Once this happens, the animal’s core body temperature may drop and 
increases its metabolism to prevent hypothermia.  This could potentially be fatal to a distressed 
or diseased animal and highly stressful for a healthy animal (Engelhardt, 1983). 

Pinnipeds that use blubber for insulation (California sea lion, harbor seal, northern 
elephant seal, and Stellar sea lion) do not experience long-term effects to exposure to oil 
(Geraci and St. Aubin, 1982).  Newborn harbor seal pups, which rely on a dense fur for 
insulation, would be subject to similar thermoregulatory problems of the previously discussed fur 
seal species (Engelhardt and Ferguson, 1980, Oritsland and Ronald, 1973; and Blix et al., 
1979).  

When pinnipeds are coated with viscous oil, it may cause problems in locomotion and 
breathing.  Pinnipeds that are exposed to heavy coating from oil will experience swimming 
difficulties, which may lead to exhaustion (Engelhardt, 1983; Davis and Anderson, 1976), and 
possible suffocation from breathing orifices that are clogged.  The viscosity of the oil is a major 
factor in determining the effects on pinnipeds.  Severe eye irritation is caused by direct contact 
with oil but non-lethal (Engelhardt, 1983).  Skin absorption, inhalation, and swallowing of oil 
while grooming are all possible pathways of ingestion.  However, there have not been enough 
studies on the long-term effects of chronic exposure to oil on pinnipeds.  
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A.5.4.7 Sea Otters 

Sea otters, although not expected to be found in the immediate Project area, are highly 
impacted to the adverse impacts of exposure to spilled oil due to the large amount of time spent 
on the ocean’s surface.  Contact with spilled oil could result in reducing or eliminating the layer 
of air trapped in sea otters fur.  Matting their fur could cause hypothermia, elevated metabolism, 
cessation of feeding, and weight loss (Environment Canada, 1982; Engelhardt, 1983; Kooyman 
et al., 1997; Siniff et al., 1982) because the layer of air in their fur provides both insulation and 
buoyancy for the sea otters (Davis and Anderson, 1976; Geraci and Smith, 1976).  Hypothermia 
could prove to be fatal as the result of contamination of greater than 30 percent of a sea otter’s 
body (Costa and Kooyman, 1980). 

Sea otters are especially vulnerable to oil spills might ingest oil while feeding of oil-
contaminated prey, grooming, or inhalation. (Bodkin et al. 2002; Ridoux et al. 2004).  Ingestion 
of oil is considered potentially toxic depending on the type and quantity consumed.  Oil spills 
could affect a sea otter’s caloric intake by oil spill-induced mortality of their prey, such as crabs 
and sea urchins (Cimberg and Costa, 1985). 

A.5.4.8 Measures to Reduce Potential Oil Spill Impacts on Marine Wildlife 

The current oil spill prevention plan will be used to avoid any release of oil-based 
products into the marine environment, and the existing oil spill response and recovery plan will 
be used to reduce the effects of accidentally discharged petroleum by facilitating rapid response 
and cleanup operations.  The following mitigations have been incorporated into the proposed 
plan of operation and will result in reducing the chances of a spill occurring: 

• All vessels will be USCG-inspected and will have the appropriate spill response 
equipment onboard. 

• PG&E will maintain an approved oil spill response plan and the appropriate spill 
response equipment on all vessels.  Response drills will be in accordance with 
federal and state requirements.  Contracts with off-site spill response companies will 
be in-place and will provide additional containment and clean-up resources as 
needed. 

A.5.5 Vessel Collisions 

Collisions of project-related vessels would be expected to most likely affect marine 
mammals and sea turtles.  Such collisions have been documented in southern California; 
however, those collisions are typically associated with large ship interactions with slower-
moving marine wildlife on the ocean surface rather than smaller work vessels.  Impacts from 
vessel operations can range from a change in the animal’s travel route or time on the surface to 
direct mortality.  The were recent incidents within the marine waters off California were five blue 
whale carcasses attributed to ship strikes in 2007 (Abramson, et al., 2009).  In 2009, a 72-foot 
blue whale was struck by the Pacific Star, a 78-foot vessel that was doing geophysical surveys 
off the Mendocino Coast in Northern California (Bacher, 2009) 
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A.5.5.1 Measures to Reduce Potential Vessel Collision Impacts on Marine Wildlife 

Because of the procedures described for safety and disturbance zones during airgun 
operations (see Appendix E, Attachment B), and the slow speed at which the seismic survey 
vessel will maintain during survey operations, collisions with marine wildlife are very unlikely.  
However, the potential exists for such collisions when transiting to the Project site by the 
seismic survey vessel and support vessels.  The following measures and procedures will be 
implemented to minimize the possibility of such collisions. 

On-board personnel, including the onsite Marine Wildlife Monitors, will be watchful for 
marine mammals and turtles during transit and project activities.  Pinnipeds, the most common 
marine mammals within the vessel transit corridors, are “nimble” enough to avoid these vessels.  
However slow moving and surface dwelling turtles and larger cetaceans could be affected.  Blue 
and humpback whales are not common within the Project site and transit corridor and dolphins, 
similar to the pinnipeds, would be agile enough to avoid vessels.  Irrespective, all vessel 
operators shall observe the following guidelines: 

• Make every effort to maintain a distance of 152 m (500 ft) from sighted whales and 
other marine wildlife (e.g., sea turtles); 

• Do not cross directly in front of (perpendicular to) migrating whales or any other 
marine mammal or turtle; 

• When paralleling whales, vessels will operate at a constant speed that is not faster 
than that of the whales; 

• Care will be taken to ensure that female whales are not be separated from their 
calves; and, 

• If a whale engages in evasive or defensive action, vessels will reduce speed or stop 
until the animal calms or moves out of the area. 

If a collision with a marine mammal or turtle occurs, the vessel operator must document 
the conditions under which the accident occurred, including the following: 

• location of the vessel when the collision occurred (latitude and longitude); 

• date and time; 

• speed and heading of the vessel; 

• observation conditions (e.g., wind speed and direction, swell height, visibility in miles 
or kilometers, and presence of rain or fog); 

• species of marine wildlife contacted; 

• whether an observer was standing watch for the presence of marine wildlife; and, 

• name of vessel, operator (the company), and captain or officer in charge of the 
vessel at time of accident. 



 
Central Coastal California Seismic Imaging Project 
Appendix A - Biological Assessment 
 
 

 

A-49 

Following an unanticipated strike, the vessel will stop if safe to do so.  The vessel is not 
obligated to stand by and may proceed after confirming that it will not further damage the animal 
by doing so.  The vessel will then communicate by radio or telephone all details to the vessel’s 
base of operations.  From the vessel’s base of operations, a telephone call will be placed to the 
Stranding Coordinator, NOAA Fisheries, Southwest Region, Long Beach, to obtain instructions 
(see below). 

Alternatively, the vessel captain may contact the NOAA Fisheries’ Stranding Coordinator 
directly using the marine operator to place the call or directly from an onboard telephone, if 
available.  It is unlikely that the vessel will be asked to stand by until NOAA Fisheries or CDFG 
personnel arrive, but that will be determined by the Stranding Coordinator.  Under the MMPA, 
the vessel operator is not allowed to aid injured marine wildlife or recover the carcass unless 
requested to do so by the NOAA Fisheries Stranding Coordinator.  The Stranding Coordinator 
will then coordinate subsequent action, including enlisting the aid of marine mammal rescue 
organizations, if appropriate. 

Although the NOAA Fisheries has primary responsibility for marine mammals in both 
state and federal waters, the California Department of Fish and Game should also be advised 
that an incident has occurred in state waters affecting a protected species.  Reports should be 
communicated to the federal and state agencies listed below: 

Federal 

Sarah Wilkin, Stranding Coordinator 
Southwest Region 
NOAA Fisheries 

Long Beach, California 90802-4213 
(562) 980-4017 

State 

Enforcement Dispatch Desk 
California Department of Fish & Game 

Long Beach, California 90802 
(562) 590-5132 
(562) 590-5133 

As proposed and with the existing measures incorporated into the vessel operations, 
vessel strikes could, but are not likely to affect federally listed marine species. 
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APPENDIX B 
THE CENTRAL COASTAL CALIFORNIA SEISMIC IMAGING PROJECT: ESSENTIAL FISH 

HABITAT ASSESSMENT 
PREPARED BY TENERA ENVIRONMENTAL 

B.1 SUMMARY 

The proposed Central Coastal California Seismic Imaging Project (Project) would be 
conducted within the nearshore and offshore marine waters between Cambria and San Luis 
Bay, offshore of San Luis Obispo County, California.  The offshore portion of the Project 
encompasses an area of approximately 830 km2 (320 mi2) and a linear coastline distance of 
approximately 60 km (37 mi) divided between the two primary target areas - a northern area 
between Cambria and Cayucos, and a southern area offshore of the Diablo Canyon Power 
Plant (DCPP) between Point Buchon and Point San Luis.  

Within this area the rocky and sedimentary seafloor kelp beds, seagrass beds, and open 
water habitats support a variety of fish species that have commercial and recreational fishery 
importance.  Seagrass beds in the Project area occur on hard substrate in shallow water areas 
along the shoreline while kelp beds can occur on hard substrates in water depths up to 37 m 
(120 ft).  Low to high relief rock features, sand and other sedimentary substrates, and open 
water with the Project area extend from the shoreline to depths of approximately 500 m (1,650 
ft).  Some of the fish species within the project area are managed under the Magnuson-Stevens 
Fishery Conservation and Management Act and are the focus of this Essential Fish Habitat 
(EFH) assessment. 

The primary potential impacts on managed fish and their habitats associated with the 
proposed Project are: 1) effects on life stages of fishes (larvae, juveniles, and adults) caused by 
the discharge of airguns as a high-energy sound source; and, 2) effects on nearshore fish 
habitat caused by the temporary placement and removal of nearshore geophones.  

B.2 EFH REGULATORY BACKGROUND 

In 1976, the Magnuson-Stevens Fishery Conservation and Management Act 
(Magnuson-Stevens Act) established a management system to more effectively use the marine 
fishery resources of the United States.  It established eight Regional Fishery Management 
Councils (Councils), consisting of representatives with expertise in marine or anadromous 
fisheries from the constituent states.  In order to develop fishery management plans (FMPs) for 
the conservation and management of fishery resources, the Councils use input from the 
Secretary of Commerce (Secretary), the public, and panels of experts.  The Pacific Fishery 
Management Council (PFMC) is responsible for managing certain groundfish, coastal pelagic 
species, highly migratory species, and salmon from 5 to 322 km (3 to 200 mi) offshore of 
Washington, Oregon, and California.  As amended in 1986, the Magnuson-Stevens Act required 
Councils to evaluate the effects of habitat loss or degradation on their fishery stocks and take 
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actions to mitigate such damage. In 1996, this responsibility was expanded to ensure additional 
habitat protection. 

EFH is defined in the Magnuson-Stevens Fishery Conservation and Management Act as 
“…those waters and substrate necessary for spawning, breeding, feeding or growth to 
maturity”1.For the purpose of interpreting the definition of EFH, the term “waters” includes 
aquatic areas historically used by fish.  Where appropriate, this can include such environs as 
open waters, wetlands, estuarine, and riverine habitats.  The terms “substrate” includes 
sediment, hard bottom, structures underlying the waters, and the biological communities 
associated with the substrate; “necessary” means the habitat is required to support a 
sustainable fishery and a healthy ecosystem; and, “spawning, breeding, feeding or growth to 
maturity” covers a species’ full life cycle. 

In accordance with these definitions and descriptions, EFH would include a variety of 
habitats found within, but not exclusive to, the Project area.  The variety of substrates within 
these waters ranges from flat sedimentary bottom with fine silt, sand, or shell fragments to high-
relief areas comprised of large boulders and bedrock reefs.  Lower relief solid substrate are 
comprised of cobble and gravel, and the varied substrates extend from submerged subtidal 
areas up through the intertidal.  Manmade structures or components make up a portion of the 
substrate and include two breakwaters that enclose the Intake Cove at DCPP.  Associated with 
the wide variety of substrates is an equally varied marine flora that grows upon it and constitutes 
part of the EFH.  The subtidal and intertidal flora includes beds of giant kelp (Macrocystis 
pyrifera) and bull kelp (Nereocystis luetkeana), a wide variety of smaller, understory algal 
species, and surfgrass (Phyllospadix spp.) beds.  Different combinations of substrate and flora 
provide habitat for an equally varied collection of fish species.  

B.3 PROJECT ACTIVITIES POTENTIALLY AFFECTING EFH 

The Project encompasses a total area of approximately 830 km2 (320 mi2) divided 
between the two primary target areas, as described in detail in Section 1.0 of  this supplemental 
application to the California State Lands Commission.  CCCSIP activities, which include 
offshore vessel and onshore vehicle operations and the deployment and recovery of intertidal 
and nearshore geophones, are proposed within two rectangular areas (vessel operations) and 
the two smaller onshore areas (geophone and onshore vehicles).  The offshore (vessel) survey 
will be conducted in both federal and state waters and water depths within the proposed survey 
areas range from 0 to over 400 m (1,300 ft).  

The offshore components consist of operating a geophysical survey vessel and 
support/monitoring vessels within the survey area, and transiting between the site and either 
Port San Luis or Morro Bay.  The geophysical vessel will tow a series of sound-generating 
airguns and sound-recording hydrophones along pre-determined shore-parallel and shore-
perpendicular transects.  In water depths from 30 to 500 m (100 to >1,650 ft), six to 12, 4.0 to 
6.0 km-long (2.5 to 3.7 mi) streamers will be towed behind the primary survey vessel.  The 

                                                 
1 Magnuson-Stevens Act, 16 U.S.C. 1801 et seq. 
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streamers will contain hydrophones placed at 2 to 30 m (6 to 100 ft) intervals to maximize 
efficiency and minimize the number of source points while achieving overall project objectives.  
The nearshore actions include the placement of geophones through the intertidal zone and into 
shallow water areas (to approximately the 100 m [330 ft] isobath) and the generation of an 
onshore sound source that will be recorded by the geophones.  

To collect deep seismic data in water depths that are not accessible by survey vessel, 
either accelerated weight drop or a vehicle with a vibrating device will be used to generate 
seismic signals from onshore.  Within these areas (water depths to 100 m [330 ft]), seafloor 
devices will be deployed to record the onshore and offshore signals. 

The proposed activities, including mobilization and demobilization, are expected to take 
two to three months to complete.  This estimate includes time for instrument deployment, 
profiling, instrument recovery, and demobilization.  The surveys are being targeted for 
September through November 2012 following completion of all required permitting.  Current 
operations are planned for daylight only; however, activities are expected to occur seven days a 
week. 

B.4 HABITAT AREAS OF PARTICULAR CONCERN 

EFH guidelines defines Habitat Areas of Particular Concern (HAPC) based on one or 
more of the following considerations: 

• The importance of the ecological function provided by the habitat; 

• The extent to which the habitat is sensitive to human-induced environmental 
degradation; 

• Whether, and to what extent, development activities are or will be stressing the 
habitat type; and, 

• The rarity of the habitat type. 

Three of the HAPC identified in the federal regulations -- rock reefs, canopy kelp, and 
seagrass -- could be influenced by the Project.  In addition, open water pelagic habitat is critical 
for the larval stages of many of the species present within the Project area.  The following 
descriptions include an overview of these habitat types. 

Rock Reefs.  Rocky reef habitats can be categorized as either nearshore or offshore in 
reference to the proximity of the habitat to the coastline.  Rocky habitat may be composed of 
bedrock with varying degrees of vertical relief, boulders, or smaller rocks, such as cobble and 
gravel.  Hard substrates are among the most important habitats for groundfish.  The rocky reefs 
HAPC includes those waters, substrates, and other biogenic features associated with hard 
substrate up to the mean higher high water mark. 

Detailed maps of substrate types within State waters (up to 4.8 km [3 mi] from the 
shoreline) have been produced by the Seafloor Mapping Lab (SML) of California State 
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University, Monterey Bay2.  They include a series of remotely sensed images (multibeam, side 
scan sonar), derived data (bathymetric contours, grid analyses, etc.), habitat analyses, and 
associated data sets (survey footprints, coastline).  Rock substrates (classified as rough/hard) 
that occur within the Project area, and would be considered HAPC, are shown in Figures B-1 
and B-2.  These areas comprise prime habitat for numerous species of rockfishes (Sebastes 
spp.), lingcod (Ophiodon elongatus), cabezon (Scorpaenichthys marmoratus), and greenlings 
(Hexagrammidae).  Inshore portions of the Point Buchon State Marine Reserve, which lies 
within the Project area, are comprised largely of high to moderate relief rock habitat.  There is 
an estimated 5,642 ha (13,942 ac) of hard bottom habitat, which represents approximately 6.7% 
of the total seafloor within the proposed survey area (Table B-1). 

Descriptions of the bottom characteristics based on bathymetric relief and substrate 
types have been done for some inshore segments of the Project area that will be used for long-
term monitoring of seismic activity.  Those physical descriptions of bottom types follow 
classifications developed by Greene et al. (2007)3.  Although detailed substrate maps beyond 
the limits shown in Figures B-1 and B-2 are not available from the SML, the majority of the area 
is known to be soft substrate (clay, mud, sand), based on bottom characteristics from nautical 
chart data and gently sloping bathymetric contours.  Some deeper water areas (<1,800 m 
[6,000 ft]) of rock substrate identified as EFH occur along the Santa Lucia Escarpment 
approximately 100 km (62 mi) southwest of the Project area4.  

Canopy Kelps.  Of the habitats associated with the rocky substrate on the continental 
shelf, kelp forests are of primary importance to the ecosystem and serve as important 
groundfish habitat.  Kelp forest communities are found relatively close to shore along the open 
coast.  These subtidal communities provide vertically structured habitat throughout the water 
column: a canopy of tangled blades from the surface to a depth of 3.0 m (10 ft), a midwater, 
stipe region, and the holdfast region at the seafloor.  Kelp stands provide nurseries, feeding 
grounds, and shelter to a variety of fish species and their prey.  Giant kelp communities are 
highly productive relative to other habitats, including wetlands, shallow and deep sand bottoms, 
and rock-bottom artificial reefs.  The net primary production of seaweeds in a kelp forest is 
available to consumers as living tissue on attached plants, as drift in the form of whole plants or 
detached pieces, and as dissolved organic matter exuded by attached and drifting plants5. 

Kelp canopies, including those of bull kelp and bladder chain kelp (Cystoseira 
osmundacea) are widespread along the rocky coastline in the Project area, reaching maximum 
extent of growth in fall months and occupying most rock reefs shallower than approximately 
20 m (66 ft) (Figures B-1 and B-2).  The extent of surface canopies varies seasonally and 
                                                 
2 http://seafloor.csumb.edu/SFMLwebDATA.htm 
3 Greene, H.G., Bizzarro, J.J., O’Connell, V.M., and Brylinsky, C.K., 2007. Construction of digital potential marine 

benthic habitat maps using a coded classification scheme and its application: In Todd, B.J., and Greene, H.G. 
(Eds.), Mapping the Seafloor for Habitat Characterization, Canadian Geological Association Special Paper 47, p. 
141-155. 

4 http://sharpfin.nmfs.noaa.gov/website/EFH_Mapper/map.aspx 
5 Foster, M.S. and D. R. Schiel. 1985. The ecology of giant kelp forests in California: a community profile. U.S. Fish 

Wildl. Serv. Biol. Rep. 85(7.2). 
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between years depending on growing conditions.  The mapped surface and subsurface 
canopies shown in the figures were created from Digital Multi-Spectral Camera image files from 
overflight data collected by California Department of Fish and Game (CDFG) in 20086.  There 
was an estimated 764 ha (1,886 ac) of kelp canopy within the Project area when the survey was 
conducted in October 2008 (Table B-1). 

 

Figure B-1.  Kelp Canopy and Hard Substrate Within  
the Northern Portion of the Proposed Survey Area. 

                                                 
6 Kelp Source: DFG Marine GIS "BIO_CA_Kelp2008.shp”. 
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Figure B-2.  Kelp Canopy and Hard Substrate Within the Southern Portion of the 
Proposed Survey Area. 

Table B-1.  Areas of Kelp Canopy (2008) and Rock Substrate 

Kelp1 Hard substrate 
Survey Area 

Hectares Acres Hectares Acres 
Northern 571 1,410 2,020 4,991 
Southern 193 476 3,622 8,951 

Total 764 1,886 5,642 13,942 
1 Also includes the area between the inshore HESS survey boundary to the shoreline.  
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Seagrasses.  Two important seagrass species found on the West Coast of the U.S. are 
eelgrass (Zostera spp.) and surfgrass.  These grasses are vascular plants, not algae, forming 
dense beds of leafy shoots year-round in the lower intertidal and subtidal areas.  Eelgrass is 
found on soft-bottom substrates in intertidal and shallow subtidal areas of estuaries and in some 
nearshore areas, such as the Channel Islands and Santa Barbara Channel.  

Surfgrass occurs on hard-bottom substrates along higher energy coastlines.  Studies 
have shown seagrass beds to be among the areas of highest primary productivity in the world.  
During low tide, surfgrass often appears as an emerald green belt fringing the shoreline.  
Surfgrass is characteristically the predominant plant in this low intertidal/shallow subtidal zone, 
providing important refuge and nursery habitat for invertebrates and fishes7.  The width of the 
surfgrass zone and patch sizes of surfgrass are largely dependent on the slope of the shoreline, 
topographical relief, and substrate availability.  In addition to growing on rocks, both species of 
Phyllospadix grow in sandy areas, attached to rocks buried beneath the sand, and the rhizomes 
and dense blades, in turn, stabilize the sand. 

The only quantitative mapping of surfgrass within the Project area was done along the 
shoreline in the vicinity of DCPP in 19978.  It was found that most segments of the exposed 
shoreline had contiguous stands of surfgrass, but there was evidence, based on comparisons 
with earlier data, that large wave events could cause significant and long-lasting declines in 
surfgrass density.  

Pelagic Open Water.  Although this is not considered a HAPC, for purposes of this 
Project, the offshore pelagic habitat within which the Project will be conducted is of importance 
because it is habitat for the life stages of many fish species.  Larvae, in particular, are 
seasonally abundant in surface layers shallower than 10 m (33 ft) where they feed on smaller 
phytoplankton and zooplankton.  Net sampling in 1998-99 within a study grid that extended from 
Point Buchon to Point San Luis and up to 4.8 km (3 mi) offshore resulted in the collection of 
larvae of 175 fish taxa9.  Adults of these taxa occur in intertidal and shallow subtidal to deep-
water and pelagic habitats.  The taxa in highest abundance in the grid subsamples were those 
whose adults were typically pelagic or subtidal; more intertidal or nearshore-distributed species 
were found in lower abundance.  

                                                 
7 Stewart, J. and B. Myers. 1980. Assemblages of algae and invertebrates in southern California Phyllospadix-

dominated intertidal habitats. Aquatic Bot. 9: 73-94. 
8 Tenera Environmental. 1997. Surfgrass (Phyllospadix) in the vicinity of the Diablo Canyon Power Plant discharge. 

Report No. E7-225.0. Prepared for Pacific Gas and Electric Company. 25 p. 
9 Tenera Environmental. 2000. Diablo Canyon Power Plant 316(b) Demonstration Report. Report No. E9-055.0. 

Prepared for Pacific Gas and Electric Company. 596 p. 
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Seasonal differences in larval abundance were identified in a follow-up study conducted 
in 2008−200910.  Highest densities of larvae occurred in April while the lowest densities were 
found in late summer and fall months (Figure B-3).  The high larval densities correspond to 
spring upwelling conditions when productivity reaches a peak in nearshore areas along the 
California coast.  Densities of larval rockfishes, which were the most abundant taxon in the 
study, peaked in May and had low densities in July−November (Table B-2). 
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Figure B-3.  Larval Densities (# per m3) for All Species Combined 
During the 2008 Study Near DCPP. 

                                                 
10 Tenera Environmental. 2010. Diablo Canyon Power Plant Cooling Water Entrainment Study. Report No. ESLO 

2010-003.0. Prepared for Pacific Gas and Electric Company. 229 p. 
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Table B-2.  Larval density (# per 1,000 m3) for PMFC Managed Species 
 within the Inshore Portion of Project Area. 

Jul 2008 Aug 2008 Sep 2008 Oct 2008 Nov 2008 Dec 2008 Jan 2009 Feb 2009 Mar 2009 Apr 2009 May 2009 Jun 2009

Rockfishes 2.56 3.18 7.50 29.09 4.86 101.60 177.45 66.54 102.07 121.25 210.89 20.92
Starry Flounder 4.30 91.70
Market Squid 1.25 0.46 2.12 0.82 0.61 0.22 1.00 0.75 2.65 49.10 3.68
English Sole 0.54 0.80 5.33 1.43 4.03 0.97 24.72 10.95 1.64
Rock Sole 0.53 0.30 6.38 6.65 34.48 1.01 0.31
Northern Anchovy 1.31 0.76 14.26 1.39 1.98 3.32 1.98 1.76 4.63 0.31
Pacific Sanddab 0.32 0.90 0.37 18.46 0.30 0.18 0.59 1.91 0.45 0.87
Dover Sole 6.00
Sand Sole 0.70 0.48
Kelp Greenling 0.30
Butter Sole 0.25
Curlfin Sole 0.20  

B.5 SPECIES IDENTIFIED IN FISHERY MANAGEMENT PLANS 

The NOAA Fisheries (formerly National Marine Fisheries Service) develops fishery 
management plans (FMP) for certain species within broad designations, such as “coastal 
pelagic species” or “groundfish”, for which EFH is specified11,12. Table B-3 lists the species 
managed by the Pacific Marine Fisheries Commission (PMFC) with an indication of their 
occurrence in the Project vicinity.  The “highly migratory” species, as the name implies, are only 
present in the area during certain seasons, and in central California this tends to be late 
summer and fall months.  Many groundfishes, and rockfishes in particular, tend to have limited 
movements during the adult life stage, but seasonal movement of shallow living species to 
deeper waters can occur in response to storm surge and turbulent coastal conditions13.  Some 
deeper living slope species, such as Pacific Ocean perch, are known to undergo seasonal 
onshore-offshore movements.  

B.6 COMMERCIAL AND RECREATIONAL FISHING IN PROJECT AREA 

Commercial fishing vessels use the project area from the two major harbors, Morro Bay 
and Port San Luis.  Hook and line, trap, net (set, drift, and seine), and trawl are the four most 
commonly-used commercial gear types within the project area.  Based on CDFG-provided catch 
data, nearshore (within 60 km [10 mi] of the shoreline) fisheries tend to concentrate on market 
squid (seine), hagfish (trap), cabezon (hook and line and trap), and Dungeness and rock crabs 
(trap).  Further offshore, sablefish and thornyhead rockfish (trap and hook and line) are caught 
year-round and seasonal catches of salmon (troll) and thresher shark (drift net) are common.  
                                                 
11 Pacific Fishery Management Council. 2008. Pacific coast groundfish fishery management plan for the California, 

Oregon, and Washington groundfish fishery as amended through Amendment 19. July 2008. 
12 Pacific Fishery Management Council. 1998. The coastal pelagic species fishery management plan. December 

1998. 
13 Love, M. S., M. Yoklavich, and L. Thorsteinson. 2002. Rockfishes of the northeast Pacific. Univ. California Press, 

Berkeley, CA. 404 p. 
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Sablefish has been the dominant commercial species landed in San Luis Obispo County from 
2006−201014 with an average of 364,450 kg (803,474 lb) per year (Table B-4). 

Recreational fishing, including commercial passenger fishing vessels (CPFV) from Morro 
Bay and Port San Luis, tend to stay within 4.8 km (3 mi) of the shoreline and target rocky habitat 
associated species including rockfish, lingcod, and cabezon.  Seasonal open-water trolling for 
albacore and salmon occurs further offshore and fishers target California halibut and other 
flatfish in nearshore sedimentary habitats. 

B.7 CONCLUSIONS 

The Project area encompasses several types of EFH, none of which would be 
permanently altered by the proposed Project. 

                                                 
14 Pacific Fisheries Information Network (PacFIN). 2011. http://pacfin.psmfc.org/pacfin_pub/woc.php 
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Table B-3.  Fisheries and Occurrence of PMFC Managed Species 
within the Project Area. 

  Fisheries  Life Stages 
  Commercial Recreational  Larvae Juveniles Adults 
Coastal Pelagic Species    
 Northern anchovy X X  X X X 
 Pacific sardine X X  X X X 
 Pacific mackerel X X  X X X 
 Jack mackerel X X  X X X 
 Market squid X X  X X X 
 Pacific herring X X  X X X 
 Pacific saury    X X X 
 Pacific bonito X X   X X 
Highly Migratory       
 North Pacific albacore X X   X X 
 Yellowfin tuna X X   X X 
 Bigeye tuna X X   X X 
 Skipjack tuna X X   X X 
 Northern bluefin X X   X X 
 Common thresher X X   X X 
 Pelagic thresher shark X    X X 
 Bigeye thresher shark X    X X 
 Shortfin mako X X   X X 
 Blue shark X X   X X 
 Striped marlin  X    X 
 Pacific swordfish X    X X 
 Dorado X X    X 
Pacific Salmon       
 Chinook salmon X X   X X 
 Coho salmon     X X 
 Pink salmon      X 
Pacific Groundfish       
 Arrowtooth flounder X X  X X X 
 Butter sole X X  X X X 
 Curlfin sole X X  X X X 
 Dover sole X X  X X X 
 English sole X X  X X X 
 Flathead sole X X  X X X 
 Pacific sanddab X X  X X X 
 Petrale sole X X  X X X 
 Rex sole X X  X X X 
 Rock sole X X  X X X 
 Sand sole X X  X X X 
 Starry flounder X X  X X X 
 Ratfish X    X X 
 Finescale codling X    X X 
 Pacific rattail X    X X 
 Leopard shark X X   X X 
 Soupfin shark X X   X X 
 Spiny dogfish X X   X X 
 Big skate X X   X X 
 California skate X    X X 
 Longnose skate X    X X 
 Kelp greenling X X  X X X 
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Table B-3.  (Continued) 

  Fisheries  Life Stages 
  Commercial Recreational  Larvae Juveniles Adults 
 Lingcod X X X X X
 Cabezon  X X  X X X 
 Pacific cod  X   X X X 
 Pacific whiting (hake) X X  X X X 
 Sablefish X X  X X X 
 Aurora rockfish X   X X X 
 Bank rockfish X X  X X X 
 Black rockfish X X  X X X 
 Black and yellow X X  X X X 
 Blackgill rockfish X   X X X 
 Blue rockfish X X  X X X 
 Bocaccio  X X  X X X 
 Bronzespotted rockfish    X X X 
 Brown rockfish X X  X X X 
 Calico rockfish X X  X X X 
 California scorpionfish X X  X X X 
 Canary rockfish    X X X 
 Chameleon rockfish X X  X X X 
 Chilipepper rockfish X X  X X X 
 China rockfish X X  X X X 
 Copper rockfish X X  X X X 
 Cowcod    X X X 
 Darkblotched rockfish X X  X X X 
 Dusky rockfish       
 Dwarf-red rockfish       
 Flag rockfish X X  X X X 
 Gopher rockfish X X  X X X 
 Grass rockfish X X  X X X 
 Greenblotched rockfish X X  X X X 
 Greenspotted rockfish X X  X X X 
 Greenstriped rockfish  X X  X X X 
 Halfbanded rockfish X X  X X X 
 Harlequin rockfish       
 Honeycomb rockfish X X  X X X 
 Kelp rockfish X X  X X X 
 Longspine thornyhead X   X X X 
 Mexican rockfish X   X X X 
 Olive rockfish X X  X X X 
 Pacific ocean perch X X  X X X 
 Pink rockfish X X  X X X 
 Pinkrose rockfish       
 Puget Sound rockfish       
 Pygmy rockfish X X  X X X 
 Quillback rockfish X X  X X X 
 Redbanded rockfish X   X X X 
 Redstripe rockfish X   X X X 
 Rosethorn rockfish X   X X X 
 Rosy rockfish X X  X X X 
 Rougheye rockfish       

(table continued) 
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Table B-3.  (Continued) 

  Fisheries  Life Stages 
  Commercial Recreational  Larvae Juveniles Adults 
 Semaphore rockfish X X X X
 Sharpchin rockfish X   X X X 
 Shortbelly rockfish X X  X X X 
 Shortraker rockfish       
 Shortspine thornyhead X X  X X X 
 Silvergray rockfish X   X X X 
 Speckled rockfish X X  X X X 
 Splitnose rockfish X X  X X X 
 Squarespot rockfish X X  X X X 
 Starry rockfish X X  X X X 
 Stripetail rockfish X X  X X X 
 Swordspine rockfish X X  X X X 
 Tiger rockfish X X  X X X 
 Treefish X X  X X X 
 Vermilion rockfish X X  X X X 
 Widow rockfish X X  X X X 
 Yelloweye rockfish    X X X 
 Yellowmouth rockfish       
 Yellowtail rockfish X X  X X X 
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Table B-4.  Commercial Landings (pounds) of PMFC Managed Fish Species in  
San Luis Obispo County. (Source: PacFIN 2011) 

SPECIES 2010 2009 2008 2007 2006 Average 
Sablefish 1,702,328 1,441,881 343,960 261,899 267,300  803,474 
Swordfish 42,726 98,107 101,472 205,567 140,003  117,575 
Market squid 259 338,537 0 0 0  67,759 
Blackgill rockfish 100,874 125,382 30,640 7,725 27,892  58,503 
Brown rockfish 50,946 45,094 41,775 38,801 37,928  42,909 
Petrale sole 0 42,651 92,750 22,837 2,167  32,081 
Bank rockfish  0 32,607 84,424 15,829 19,933  30,559 
Gopher rockfish 39,782 30,103 30,726 23,660 16,252  28,105 
Shortspine thornyhead 63,330 42,204 22,656 1,687 10,299  28,035 
Albacore 39,219 20,848 17,531 36,651 19,416  26,733 
Dover sole 164 44,761 78,257 4,240 0  25,484 
Cabezon 19,611 15,515 24,044 27,891 31,014  23,615 
Common thresher shark 16,696 12,145 40,972 17,192 21,225  21,646 
Lingcod 19,626 16,845 16,525 17,985 17,436  17,683 
Grass rockfish 9,391 12,337 18,115 23,195 20,836  16,775 
Black-and-yellow rockfish 14,075 17,654 18,723 14,437 10,492  15,076 
Shortfin mako shark 2,698 17,030 7,588 6,091 12,558  9,193 
Chinook salmon 161 0 0 17,257 12,814  6,046 
Vermillion rockfish 6,622 2,883 3,597 7,780 8,265  5,829 
Longspine thornyhead 3,288 262 7,748 3,066 9,739  4,821 
Rex sole  2,197 0 19,902 1,693 0  4,758 
Splitnose rockfish 0 7,637 9,219 0 0  3,371 
Darkblotched rockfish 0 7,455 3,906 0 519  2,376 
Treefish 3,159 2,862 1,976 1,910 1,441  2,270 
Northern anchovy 0 9,387 0 0 0  1,877 
Kelp greenling 1,577 1,153 1,269 1,517 1,669  1,437 
Bluefin tuna 0 4,250 196 1,583 398  1,285 
Chilipepper 0 0 3,283 1,944 1,078  1,261 
Blue rockfish 378 1,564 895 2,190 966  1,199 
Copper rockfish  1,120 1,370 1,285 1,146 679  1,120 
Sand sole 4,041 123 36 27 640  973 
Starry flounder 823 1,272 493 486 1,032  821 
Soupfin shark 0 0 267 0 3,359  725 
Pacific bonito 0 0 2,268 0 356  525 
Black rockfish  349 869 536 612 116  496 
Kelp rockfish  764 343 236 375 532  450 
Longnose skate 2,248 0 0 0 0  450 
Aurora rockfish 371 983 0 0 0  271 
Bocaccio 0 206 340 192 335  215 
China rockfish 181 0 89 156 67  99 
Yellowtail rockfish 31 59 0 164 194  90 
Leopard shark 0 0 0 87 306  79 
Olive rockfish 102 85 74 50 77  78 
English sole 0 0 0 0 363  73 
Starry rockfish 77 69 194 0 17  71 
Canary rockfish 0 0 206 0 0  41 
Redbanded rockfish 0 103 85 0 0  38 
Rock sole 16 0 0 0 0  3 

 



 
 
 
 
 

 

APPENDIX C 
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To:  Simon Poulter (Padre, Goleta) 
        Stu Nishenko (PG&E) Date: June 23, 2011 

From:  Ray de Wit  

Subject:  ROV Survey Observations-3D Offshore Geophone Transects JN 1102-0621 

 
Below is a summary of the observations made during a remotely operated vehicle (ROV) survey 
of rocky and sedimentary seafloor habitats along four of the five proposed geophone “string” 
alignments offshore of the Pt. Buchon area.  The attached Plates 1 and 2 provide information on 
the survey area and observation locations.  No observations were made along the southernmost 
alignment (Pt. San Luis) due the presence of kelp in the areas where pre-plotted survey points 
were located.  In addition, due to the presence of high rock pinnacles which constrained the 
ROV cable and heavy kelp which fouled the ROV thrusters, only one location was survey on the 
Deer Canyon alignment (see Plate 1).   

Summary of Observations 

The ROV survey of the potential rocky habitat areas along the four proposed geophone 
alignments was completed on June 8 and 9, 2011.  The survey was completed from the MV 
Michael Uhl with a Phantom 1000, owned and operated by Aqueos, Ventura, California.  
Navigational services were provided by Fugro-West, also of Ventura.  Weather conditions 
ranged from clear to partly cloudy with winds up to 20 knots; the seastate ranged from calm to 
choppy with a southwest and northwest two to three ft swell.  Underwater visibility was fair to 
good with plankton and suspended material reducing the clarity of observations in some 
locations. 

Plate 1 shows three mid-area alignments (Deer Canyon, Double Rock, and Green Peak) that 
were surveyed and the navigational “fixes” (point where the location of the ROV was recorded) 
that were taken during the survey.  Plate 2 shows the northernmost geophone alignment 
(Crowbar Canyon) and the fix locations along that transect.  Below is a summary of the habitat 
and biota recorded during the survey observation periods; fix locations listed below correspond 
to the numbers shown in either Plate 1 or 2. 

Deer Canyon (Plate 1) 

Location DC-1 is in approximately 29 m (87 ft) of water; observations were completed in water 
depths of from 25 to 30 m (77 to 91 ft).  The habitat ranges from low bedrock reefs with sand 
channels to higher uplifted reefs (to over 1 m [3 ft]).  A macrophytic brown alga (cf Laminaria sp) 
is common, and smaller unidentified understory red algae were also present on the upper 
portions of the higher-relief features. Macrofauna observed included a seastar (Pisaster 
brevispinus), solitary anemones (cf Anthopleura sp and Corynactis californica), unidentified 
encrusting sponges, an encrusting coralline algal complex (Lithothamnion/Lithophylum), and 
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unidentified urchins.  Blue rockfish (Sebastes mystinus) were present, but were not common 
within this area. 

Double Rock (Plate 1) 

Survey depths along this transect ranged from 25 to 59 m (77 to 180 ft) and the seafloor habitat 
observed included silty to sandy sediments with sand waves and low- to high-relief rock ridges 
(to 3 m [10 ft]) in the deeper areas.  Shallower water depth seafloor habitats ranged from sand 
to low-relief bedrock with isolated moderate-relief rock features.  More detailed descriptions of 
the rocky substrates and the associated biota are provided below. 

The rock feature at Location DR-2 along this transect had some sediment cover and supported 
the powder puff anemone (Metridium senile), a sea cucumber (Parastichopus sp), and 
unidentified solitary corals.  A single gorgonian (cf Lophogorgia chilensis) was observed on an 
isolated ridge of this feature.  Two unidentified rockfish (Sebastes spp) were also observed 
around the feature.  Between Locations DR-4 and -5, a low-relief reef with isolated 1 m (3 ft) 
high ridges and scattered broken rock was observed.  This feature supported similar epibiota as 
described above, however gorgonians and rockfish (particularly juveniles and young-of-the-
year) including rosy rockfish (S. rosaceus) were more common to locally abundant here.  An 
unidentified round encrusting orange sponge (possibly Tethya sp) was also present on this 
feature.  Sandy sediment with 0.5 m (1.5 ft) high sand waves was present between the features 
throughout this area. 

At Location DR-6, a 3 m (10 ft) high vertical wall and low-relief reef surrounded by a boulder 
field was observed.  This was the highest-relief feature observed on this transect and it 
supported a similar epibiota as described above, although gorgonians were less abundant here 
and no M. senile were observed on this feature.  Rockfish, including S. mystinus were present 
and unidentified young-of-the-year rockfish were common here. 

Between Locations DR-8 and -9, the seafloor habitat was a relatively even mixture of low-relief 
rock reef ridges and sand; depth ranges here were between 25 and 36 m (77 and 110 ft).  
Isolated higher-relief rock features (up to 1 m [3 ft]) high were observed.  Those higher features 
supported unidentified leafy red algae, Parastichopus, and solitary corals and anemones.  The 
brown alga cf Laminaria sp was present on the ridges in water depths of 34 m (103 ft) or less.   
Other obvious macroepibiota included M. senile which was present but not common here, and 
low-relief rock become more common (less sand) in water depths of 33 m (100 ft) or less within 
this area.  One vermillion rockfish (S. miniatus) was observed over the low bedrock habitat. 

Green Peak (Plate 1) 

Water depths surveyed along this transect ranged from 24 to 51 m (74 to 154 ft); the ROV’s 
depth sensor was not functioning during part of the survey along the Green Peak transect 
therefore depths were taken from the survey vessel’s fathometer. 
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At Location GP-1 (depth 51 m [154 ft]), the seafloor habitat was a mixture of low-relief rock and 
sand; the rock features supported gorgonians, solitary anemones and corals, and seastars.  
Fish were not common, but several unidentified rockfish (Sebastes spp) were observed within 
this area.  Isolated uplifted reefs up to 1 m (3 ft) high were observed between Locations GP-6 
and -8 in water depths of between 43 and 46 m (130 and 140 ft).  These features supported a 
similar epibiota as the lower-relief rock habitat.  Unidentified red algae (including possibly 
Maripelta rotata) was present but not common on the higher reefs within this segment of the 
transect. 

Between Locations GP-10 and -19 (water depths 34 to 37 m [102 to 112 ft]) the seafloor habitat 
was a mix of coarse grain sand and low-relief bedrock; few isolated higher relief reefs were 
present.  Unidentified foliose red algae, including possibly Fryeeia garnderi, were present on the 
exposed rocks. 

Inshore of Location GP-19 (water depths to 29 m [to 89 ft]) the seafloor habitat was 
predominantly sand with isolated low- to moderate-relief reefs and boulders.  The brown alga cf 
Laminaria was present on the exposed and thinly-sediment-covered rock in water depths of 32 
m (98 ft) and less.  Between Locations GP-21 and -22 (water depths 24 to 29 m [77 to 89 ft]), 
sand and boulders characterize the seafloor habitat.  M. senile  were present on the tops of the 
higher boulders (up to 1 m [3 ft]) and unidentified leafy red algae, seastars (including Asterina 
miniata) and solitary corals were also present.  The sand in these water depths was coarse and 
contained shell hash. 

Crowbar Canyon (Plate 2) 

As with the other transects, rock seafloor features in water depths shallower than approximately 
23 m (70 ft) were not accessible to the ROV due to abundant kelp and higher relief features that 
tangled the ROV cable and fouled the thrusters, respectively.  Along this transect, pre-plotted 
features in water depths between 96 and 104 m (291 and 314 ft) were surveyed.  At Location 
CB-1 (depth 99 m [301 ft]) a 1.5 m (5 ft) high rock reef, which is surrounded by soft, silty 
sediment that supported abundant Metridium as well as feather stars (Florometra sp), 
unidentified gorgonian and solitary corals was observed.  Juvenile unidentified rockfish 
(Sebastes spp) were present but not common.  A lower-relief rock reef was present at Location 
CB-2 (101 m [305 ft]). 

A boulder field, which supported similar epibiota as described above, was present between 
Locations CB-3 and -4 in 96 to 104 m (291 to 314 ft) of water.  This habitat also supported 
unidentified cup corals, unidentified juvenile rockfish and sea cucumbers (Parastichopus spp); 
neither the rockfish nor sea cucumbers were common however.  A lingcod (Ophiodon elongata) 
was observed on the sediment seafloor adjacent to that feature.  No other rock features were 
observed between Locations CB-4 and -5. 

In summary, the rocky seafloor habitat within the survey area ranges from high-relief pinnacles 
and uplifted reefs (maximum estimated elevation is 3 m [19 ft]) to exposed flat bedrock with 
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sand channels.  Isolated boulders and larger expanses of boulder habitat are present also.  
Rock features in water depths of 30 m (100 ft) or less tend to support macrophytic algae and 
deeper features usually have a thin veneer of sediment cover.  Except for occasional 
aggregations of juvenile rockfish, fish are not common on the rock or sedimentary habitat that 
was surveyed.  Characteristic deeper water epibiota include the anemone Metridium senile, 
gorgonian corals, and the feather star (Florometra sp) while shallower features support solitary 
anemones and cup corals. 
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Substrate and Habitat Types Along PG&E’s 3D Seismic Nodal Routes – Draft 
 
H. Gary Greene 
 
Introduction 
 
Substrate and potential marine benthic habitat descriptions are provided here for the 
proposed Pacific Gas and Electric (PG&E) emplacement of five seismic listening nodal 
strings on the seafloor offshore of Diablo Canyon Power Plant (DCPP). The habitat types 
are based on interpretive Potential Habitat and Geologic maps constructed for PG&E 
from wide-swath multibeam echosounder (MBES) bathymetry and backscatter data 
collected offshore of DCPP. Potential marine benthic habitats are habitat types based on 
seafloor substrate types and processes and yet to be confirmed as true habitat types using 
biological and ecosystems information (see Greene et al., 1999, 2005, 2007 for further 
information). The habitat types referred to in this report are based on the habitat 
characterization scheme and mapping code of Greene et al. (2007).  
 
The five nodal corridors are numbered from north to south using the 0 km marks (KM) at 
the shoreline with Corridor 1 located just north of DCPP, Corridor 2 located just south of 
DCPP, Corridor 3 south of Corridor 2 and crossing Corridor 4, corridor 4 south of the 
head (0 KM) of, and crossing, Corridor 3 and corridor 5 offshore of Point San Luis 
(Figure MO2). These corridors are overlain on the potential habitat map that shows 
regional seafloor conditions (substrate and habitat types). 
 
 
Nodal Corridor 1 (Figs. CO1 and PO1) 
 
Nodal Corridor 1 is a fairly straight route with 3 short tangents, 3 turns at KM 0.3, 0.404, 
and 0.614, and extends east from the shoreline for 7 km. Some minor turns at marked at 
TM 3.603, 5.008, 5.778 and 7.013, but for the purpose of this report these turns are 
ignored. With the exception of its nearshore part, which lies in hard rocky bottom 
substrate, the seafloor conditions along this corridor are fairly homogeneous and located 
on soft unconsolidated sediment. 
 
From KM 0.0 to 0.3 no bathymetric data exists but the area is considered to be quite 
rocky based on the rocky cliffs on shore and the rock outcrop that is identified west of 
KM 0.3 (see Figure CO1). Here the seafloor is shown as a smooth concaved upward area, 
but realistically is probably quite rugged, and drops in depth from 0 to 10 m (see Figure 
PO1). 
 
From the KM 0.3 to KM 0.614 the corridor is located on hard, rugged, highly rugose 
fractured volcanic rock (resistant tuff), the surface of which is highly textured and 
comprised of many cracks and crevices (Figure CO1). The bathymetric profile is rugged 
and changes in depth along this tangent from about 9 m to ~28 m, a change of depth of 19 
m. This hard rock provides habitat for sessile and attached organisms and shallow water 



bottom fishes. From the bend at KM 6.14 to its end at KM 7.0, considered to be one long 
tangent marks the route to its end at KM 7.0.  
 
The long tangent begins at KM 0.614 at the contact of the hard bedrock exposure with 
soft mobile sand sheets. From KM 0.614 to 0.8 small, scattered hard rock exposures 
extend above the mobile sand sheets, although the centerline of the route is solely within 
the soft sediment (Figure CO1). Here the seafloor is flat at 28 m water depth (Fig. PO1). 
The tangent remains in the soft mobile sand sheet habitat until KM 2.9, crossing shallow, 
rippled scour depressions at KM 1.7, 1.92, 2.07, 2.39 and 2.59. These depressions are 
floored with gravels and coarse grain sand. Depth changes from 28 m at the distal edge of 
the flat seafloor at KM 0.7 to ~66 m at KM 2.9, a change in dept of ~38 m (see Fig. 
PO1). 
 
From KM 2.9 to 3.47 the tangent crosses undifferentiated, unconsolidated soft sediment 
deposited on the continental shelf (Fig. CO1) and the seafloor gently slopes from ~66 m 
water depth to ~74 m, a change in depth of ~8 m (see Fig. PO1). From KM 3.47 to 3.6 a 
moderately rugos sedimentary bedrock ridge is crossed and similar type of habitat in the 
form of narrow linear ridges are crossed at KM 4.6 and 5.0 (Fig. CO1). In between these 
ridges is a smooth seafloor of soft unconsolidated sediment (mud and sand) habitat. A 
seafloor bedrock scarp exists at the western front of the bedrock ridge that is in contact 
with soft unconsolidated sediment at KM 3.7 where the base of the scarp lies at ~80 m 
water depth and the top lies at ~ 76 m, a 4 m high wall (see Fig. PO1).  From this scarp to 
KM 5.0 the seafloor flattens somewhat with a very gently slope from ~80 m water depth 
to the base of the linear ridge at KM 5.0 at a depth of ~~93 m, a change of 13 m. 
 
From KM 5.0 to bend at 5.778 a rocky ridge interspersed with sand stringers is located 
along the cable corridor (Fig. CO1). This ridge appears to be fault controlled with a west 
facing fault scarp at KM 5.8 ranging in depth from ~96 m to 112 m, a change in depth of 
~16 m (Fig. PO1). 
 
From KM 5.778 to end of transect at KM 7.0 flat unconsolidated sediment covered 
seafloor habitat occurs with the seafloor sloping westward from a depth of ~96 m at the 
base of the fault scarp to ~127 m at KM 6.94, at the top of an 8-10 m high scarp, possible 
fault scarp associated with the Hosgri fault zone. The slope of the seafloor from KM 
5.778 to the scarp at KM 6.94 is ~31 m. The overall change in seafloor depth along the 
smoother part of the tangent from KM 0.7 to 6.94 is ~99 m. 
 
Nodal Corridor 2 (Figures CO2 and PO2) 
 
Nodal Corridor 2 is 4.851 km long and consists of two turns and three tangents with the 
turns located at KM 0.26 and 3.667. Most of the seafloor habitat this corridor crosses is 
composed of flat, but rugose hard differentially eroded bedrock, some locally covered 
with unconsolidated sediment. The other major habitat type is soft, flat, unconsolidated 
sediment in the form of mobile sand sheets.   
 



Tangent 1 extends from KM 0.0 to 0.26 and is in an area of a smooth seafloor with sand 
bottom that skirts a rocky ridge on south (Fig. CO2). Here the seafloor slopes offshore 
from KM 0.0 to 0.2 with a change in dept of from ~12 m to ~20 m, a total of 6 m (Fig. 
PO2).  
 
From KM 0.2 to 0.45, including the western part of Tangent 2, the seafloor is rougher and 
comprised of a mixed sediment type seafloor with hard bedrock boulders, small pinnacles 
and small rock exposures and locally soft unconsolidated sediment covered bedrock (Fig. 
CO2). This habitat type abuts a flat, smooth, soft unconsolidated sand sheet along a small 
(~2 m high) bedrock scarp at KM 0.45. Rugosity along this part of the corridor is higher 
than to the east with small pinnacles extending to nearly five meters above the seafloor 
(see Fig. PO2). This area may be good habitat for sessile and attached organisms, as well 
as for bottomfish. This rugged part of the seafloor gently slopes to the west with a change 
in depth from ~20 m at KM 0.2 to ~25 m at KM 0.45, a total change of 5 m (see Fig. 
PO2). 
 
From KM 0.45 to 0.62 a flat sand seafloor with occasional rock outcrops and boulders 
occurs (Fig. CO2). A small hard rock outcrop is located in the vicinity of KM 0.55, but 
the center part of the corridor is located on a soft unconsolidated mobile sand sheet 
whose outer edge is located at KM 0.94 at a depth of 30 m (Fig. PO2). Depth change 
along this very gently sloping seafloor is from ~25 m at KM 0.45 to ~30 m at KM 0.94, a 
total change of ~5 m. 
 
From KM 0.94 to 1.18 a rippled scour depression habitat type with winnowed gravels and 
sand substrate exists and the seafloor is very flat in this area. Depths changes from ~30 m 
at KM 0.94 to ~33 m at KM 1.18, a change of only 3 m (see Fig. PO2).  
 
From KM 1.18 to 1.50 low relief soft, unconsolidated linear sand ridges occurs and 
covers flat hard bedrock. From KM 1.50 to 1.57 where a linear bedrock ridge is exposed, 
and thence to KM 1.72 flat locally sediment covered bedrock is found (see Figs. CO2 and 
PO2). Change in depth from KM 1.18 at ~33 m to 1.72 at ~34 m is ~ 1 m.  
 
Moderately rugged and rugose seafloor exists along the corridor from KM 1.72 to KM 
1.90 where exposed, low relief, hard, differentially eroded sedimentary bedrock ridges 
alternated with soft sediment covered bedrock (Fig. CO2). The seafloor is very flat here 
with no change in depth from KM 172 to 1.90 (Fig. PO2) 
 
From KM 1.90 to bend at 3.667 moderate- to high-relief, hard, differentially eroded 
sedimentary bedrock with pockets and stringers of sand produce a fairly high rugose 
seafloor (Fig. CO2) and provide good benthic habitat for sessile and attached organisms 
as well as for bottomfish. This tangent covers the most complex and diverse part of the 
nodal corridor with many changes of relief, although the average slope of the seafloor 
across this area is gentle. Change in overall depth is from ~34 m at KM 1.90 to ~48 m at 
KM 3.667, a change of 14 m. Local relief is composed of hard bedrock ridges (beds) that 
vary in relief from 1 to 5 m with most being about 1-2 m in height (see Fig. PO2) 
 



The seafloor steepens for a short distance between KM 3.667 to 3.90 where sand-covered 
bedrock and occasional bedrock ridges exposed (Fig. CO2). This short distance is one of 
the steepest part of the corridor and depth changes from ~48 m at KM 3.667 to ~58 m at 
KM 3.90, a 10 m difference (see Fig. PO2). 
 
From KM 3.90 to 4.20 unconsolidated gravel and sand deposits of a rippled scour 
depression exists along a very flat seafloor (Fig. CO2). Here depth change is on the order 
of 1 m, dropping from a depth of ~58 m at KM 3.90 to ~59 at KM 4.20 (see Fig. PO2). 
 
From KM 4.20 to end of transect at 4.851 low relief sediment bedrock locally covered 
with sand exists. The sedimentary bedrock exhibits shallow dips producing a cuesta-like 
topography on the seafloor (see Fig. CO2). The seafloor is relatively flat here changing in 
depth from ~ 59 m at KM 4.20 to ~66 m at KM 4.851, a difference of ~ 7 m (Fig. PO2). 
 
Nodal Corridor 3 (Figures CO3 and PO4) 
 
Nodal Corridor 3 has three major bends or turns and four tangents. The bends occur at 
KM 0.9, 1.64, 1.9, and 2.56. Most all of this corridor crosses highly deformed hard 
sedimentary bedrock exposures that produce a hard, complex, differentially eroded rock 
habitat with many cracks and crevices (see Fig. CO3). 
 
No MBES data exist for the seafloor from the shoreline at KM 0.0 to KM 0.20, but it 
appears to be fairly rocky as indicated by the rocky cliffs along the shoreline and the 
rocky outcrop that has been mapped from KM 0.20 westward.  
 
From KM 0.20 to 0.39 rugged, hummocky, moderate relief bedrock with local pockets 
and gullied depressions of sediment exist (Fig. CO3). Her the seafloor is generally is 
quite serrated with local changes in relief of 1 to 3 m and changing in depth from ~7 m to 
~9 m, a change of 2 m overall (see Fig. PO4). 
 
From KM 0.39 to 0.47 a flat-floored sand filled channel with occasional boulders 
scattered around occurs (see Fig. CO3). The floor of the sand filled channel is about 10 m 
deep (see Fig. PO4)  
 
From KM 0.47 to the turn at KM 0.90 the seafloor is composed of low to high relief, 
hard, bedrock with sand pockets and stringers (Fig. CO3). Seafloor relief is very irregular 
in this stretch varying from pinnacles and ridges that are 4 to 5 m high, but with a general 
overall change in depth from ~10 m at KM 0.47 to 18 m at KM 0.90 (see Figure PO4).  
 
Along the second tangent of this nodal corridor from KM 0.90 to 1.38 moderate relief, 
very irregular, hard bedrock exposures with pockets and stringers of sand dominate the 
seafloor producing good benthic habitat for sessile and attached organisms, as well as for 
groundfish. A 4 to 5 m high hard bedrock wall or interface exists at KM 1.0, a potential 
shallow water rockfish habitat. From KM 1.0, at the top of the interface that lies at the 
~12 m water depth to KM 1.38 an arched, gently serrated seafloor increases in depth 
from ~12 m at KM 1.0 to ~20 m at KM 1.38, an 8 m difference (see Fig. PO4)  



 
Continuing along this tangent from KM 1.38 to the turn at KM 1.64 sediment covered 
bedrock with boulders and occasional small bedrock outcrops occur. The corridor is 
located along flat sediment covered bedrock areas cut between high relief hard bedrock 
knobs and ridges (see Fig. CO3). A general seafloor slope occurs here with changes in 
depth from ~20 m at KM 1.38 to ~22 m at KM 1.64 for an overall change of 2 m (see 
Fig. PO4). However, this slope is occasionally interrupted with boulders and small 
pinnacles of 1 m height. This corridor crosses Nodal Corridor 2 at KM 1.485 in rock 
substrate at a depth of ~20 m.  
 
The third and shortest tangent along this corridor extends from the bend at KM 1.64 to 
the bend at KM 1.90 and generally crosses flat sediment covered bedrock with occasional 
boulders and small bedrock exposures (see Fig. CO3). The seafloor is flat to gently 
sloping changing in depth from ~22 m at KM 1.64 to ~24 m at KM 1.90, a change of ~2 
(see Fig. PO4). The seafloor between KM 1.80 and 1.90 is serrated and more rugged than 
that from KM 1.64 to 1.80. 
 
From KM 1.90 to the slight deviation in the corridor at KM 2.462 flat to moderate relief, 
hard, differentially eroded sedimentary bedrock with pockets and stringers of sand occur 
(see Fig. CO3). Exposed sedimentary beds result in a serrated bottom profile that exhibit 
local relief on the order of 2 to 3 m on a general sloping bottom that drops from ~24 m at 
KM 1.90 to ~27 m at KM 2.462, a 3 m change in depth (see Fig. PO4). 
 
The continuation of this tangent from KM 2.462 to 2.80 crosses moderate to high relief, 
differentially eroded sedimentary bedrock with occasional stringers of sand (see Fig. 
CO3). This fairly rugose somewhat serrated seafloor provides habitat for sessile and 
attached organisms, as well as for groundfish. The seafloor is relatively flat with a change 
in depth from ~ 27 m at KM 2.462 to ~ 29 m at KM 2.80, a change of 2 m (see Fig. PO3). 
 
From KM 2.80 to 3.0 smooth, flat, hard, locally sediment covered, bedrock crops out on 
the seafloor. The seafloor gently slopes changing in depth from ~ 29 m at KM 2.90 to 
~32 m at KM 3.0, a change in depth of 3 m. 
 
From KM 3.0 to end of transect at KM 4.397 flat to shallow dipping (cuesta-like) 
deformed sedimentary bedrock, locally sediment covered, is the benthic habitat type 
within this corridor (see Fig. CO3). Very little relief or rugosity occurs along this part of 
the tangent and the seafloor is serrated with 1 to 2 m high ridges. Depth changes from 
~32 m at KM 3.0 to ~37 m at KM 3.57 where the base of a bedrock scarp 3 m in high 
marks an increase in rugosity (see Fig. PO4). From KM 3.57 to 4.10 the seafloor stays 
flat with little change in depth. From KM 3.80 the seafloor is rugged, more serrated with 
gullies (eroded interbeds) 2-3 m deep and changes in depth from ~37 m to ~43 m at KM 
4.10, a change of 6 m (see Fig. PO4).  From KM 4.10 to the end of the corridor the 
seafloor is flat with a general depth of ~47 m. 
 
 
 



Nodal Corridor 4 (Figures CO3 and PO3) 
 
Nodal Corridor 4 starts at the shoreline KM 0.0 and extends west for 6.519 km and 
consists of 5 bends and 6 tangents. With the exception of the last 0.2 km (near the 
western terminus where soft unconsolidated sediment occurs) the corridor crosses hard, 
well exposed, deformed and differentially eroded sedimentary bedrock that is locally 
covered with ponds and stringers of soft unconsolidated sediment, primarily sand. 
 
At the start of tangent 1 of this corridor, from KM 0.0 to 0.2 no MBES data exist, but the 
seafloor here is most likely composed of rocky substrate as indicated by the rocky sea 
cliffs at the shoreline and seafloor exposures of rock west of KM 0.2 (see Fig. CO3). 
 
From KM 0.20 to the end of the first tangent at bend at KM 0.336 the benthic habitat is a 
hard irregular bedrock surface of moderate relief and rugosity with boulders and small 
pinnacles and local stringers and pockets of soft unconsolidated sediment (Fig. CO3). 
The seafloor gently arches upward and slopes to the west here from ~8 m at KM 0.2 to ~9 
m at KM 0.336, a change in depth of ~1 m (see Fig. PO3).  
 
The second tangent starts at the bend at KM 0.336 and extends to the bend at KM 0.662 
where soft sediment covered bedrock and local hard bedrock exposures and boulders 
occur. The tangent is threaded along a relatively flat sand covered path that lies between 
well exposed bedrock mounds, crossing one of these mounds that rises up to ~2m above 
the flat seafloor at KM 0.60 (see Fig. PO3). The tangent is along a gently sloping seafloor 
that changes in depth from ~9 m at KM 0.336 to ~11 m at KM 0.662, a change of ~2 m.  
 
From the bend at KM 0.662 the third tangent extends due west and between this bend to 
KM 0.70 flat to eastward dipping sandy bottom exists (see Fig. CO3), a reverse slope that 
changes from ~11 m at KM 0.662 to ~10.5 m at KM 0.70, a change of ~0.5 m. 
 
From KM 0.70 to 1.32 moderate relief, lightly serrated, hard bedrock crops out and is 
locally covered with stringers and pockets of soft unconsolidated sand (see Fig. CO3). A 
2 m high hard bedrock scarp exists at KM 0.70 and is a potential interface habitat for 
shallow water rockfish. From KM 0.70 to KM 1.32 the seafloor is irregular with a slight 
upward arch and a general west slope that changes in depth from ~8 m near the top of the 
interface at KM 0.70 to ~20 m at KM 1.32, a change in depth of 12 m (see Fig. PO3). 
 
From KM 1.32 to 1.40 flat, soft sediment pond occurs within an extensive hard bedrock 
outcrop and generally lies at a depth of 20 m.  
 
From KM 1.40 to 1.58 moderate relief, moderate rugose, hard bedrock exposures with 
local soft sediment covered bedrock and boulders produce the benthic habitat here. From 
KM 1.58 to 1.70 a flat, soft sediment bottom with occasional boulders exist (see Fig. C3). 
Depth changes from ~20 at KM 1.40 to ~22 m at KM 1.70, a change of 2 m.  
 
Nodal Corridor 3 is crossed by this corridor at KM 1.48 in a boulder/hard outcrop area in 
water ~16 m deep.  



At KM 1.70 a North-South oriented linear bedrock ridge ~3 m high is traversed by the 
corridor. From here to KM 1.84 flat sediment covered bedrock occurs and from KM 1.84 
to the end of the tangent at KM 2.074 moderate relief, fairly rugose, hard sedimentary 
bedrock exposures with local pockets of sand and gravel occur (see Fig. CO 3). Depth 
along this part of the corridor changes from ~17 m at KM 1.70 to ~27 m at KM 2.074, a 
change of 10 m.  
 
From the slight bend at KM 2.074 and the start of the fourth tangent to KM 2.72 flat to 
moderate relief, hard bedrock exposures and sediment-covered bedrock occur. From KM 
2.72 to 3.30 higher relief, more serrated seafloor with hard, steeply dipping, differentially 
eroded sedimentary bedrock, locally covered with sand, occur producing cracks, crevices, 
and overhangs that are good potential benthic habitat for sessile and attached organisms, 
for rockfish and other bottomfish species (see Fig. CO3). This stretch of seafloor is 
generally flat with a change of depth from ~27 at KM 2.074 to ~32 m at KM 3.30, a 
change of 5 m (see Fig. PO3). 
 
The seafloor becomes smoother and more gently sloping from KM 3.30 to 3.90 where 
hard, flat, shallow dipping (cuesta-like) sedimentary bedrock, locally covered with 
sediment, occurs (see Fig. CO3). Depth changes from ~32 m at KM 3.30 to ~42 m at KM 
3.90, a change of ~10 m.  
 
A highly rugose, serrated seafloor habitat composed of moderate to high relief hard 
sedimentary bedrock ridges occur from KM 3.90 to 4.0, at the bend that marks the end of 
tangent 4, and continues to KM 4.10, just west of the start of tangent 5. At KM 4.10 a 
gently sloping bedrock scarp or interface occurs (see Fig. CO3). Here the seafloor slopes 
from a depth of ~42 m at KM 3.90 to ~53 m at KM 4.10, at the base of a 3 m high 
bedrock scarp or interface, a change of 11 m.  
 
From KM 4.10 to 4.18 flat, soft, sediment covered bedrock occurs within a bedrock 
trough. The floor of the trough lies at a depth of ~53 m. 
 
From KM 4.18 to 4.30 intermittent hard, differentially eroded bedrock ridges with linear 
sediment troughs between the ridges occur and thence from KM 4.30 to 4.40 a flat, soft 
unconsolidated sandy seafloor exists and thence from KM 4.40 to 4.43 linear, hard 
differentially eroded bedrock ridges and sediment troughs reappear (see Fig. CO3). This 
is a generally smooth, very gently dipping seafloor with a change in depth from ~53 m at 
KM 4.18 to ~68 m at KM 4.40, a change of ~15 m (see Fig. PO3). 
 
From KM 4.43 to 5.30 flat, soft, unconsolidated, mobile sand sheets interspersed with 
hard, shallow dipping (cuesta-like) bedrock is present. The seafloor here is smooth and 
flat. From KM 5.30 to 6.10 flat, soft unconsolidated sediment covered bedrock occurs 
and from KM 6.10 to 6.20 soft, unconsolidated sediment covered flat to shallow dipping 
sedimentary with some bedrock exposed locally is present. Finally, from KM 6.2 to end 
of tangent and corridor at KM 6.519 the seafloor is composed of a flat, soft 
unconsolidated sediment (see Fig. CO3). Along this part of the tangent from KM 4.43 
where the depth is ~53 m to KM 6.05 where the depth is ~73 m, and the top of a small 



bedrock scarp is exposed, the seafloor slopes to the west with a change in depth of ~20 m 
(see Fig. PO3).  Bedrock crops out along a more steeply sloping seafloor from KM 6.05 
at ~73 m to KM 3.03 at ~85 m, a change of 12 m. From KM 3.03 to the end of the 
corridor at KM 6.519 the seafloor is generally flat a depth of ~85 to 86 m. 
 
Nodal Corridor 5 (Figure CO4 and PO5) 
 
Nodal Corridor 5 extends westward from the shoreline at Point San Luis for 6.775 km 
and is composed of 3 bends (turns), 3 tangents and an arc. The majority of this corridor 
lies in soft, mobile unconsolidated sand sheets with the central part along the arc 
threading through scattered hard bedrock outcrops, boulders and pinnacles.  
 
The first tangent of Nodal Corridor 1 starts at the shoreline just north of Point San Luis at 
KM 0.0 and extends southwestward, but no MBES date exist from the shoreline at KM 
0.0 to 0.10 (see Fig. CO4). However, this stretch of the corridor is most likely composed 
of rocky substrate as the cliffs along the shoreline are rocky and rock outcrops on the 
seafloor west, offshore, of KM 0.10 indicates that rock is exposed here.  
 
From KM 0.10 to 0.30 moderate relief, fairly rugose, hard rock crops out on the seafloor 
providing a benthic habitat of cracks, and crevices for sessile and attached organisms. 
The seafloor slopes west from a depth of 0 m at KM 0.0 to ~9 m at KM 0.30, a change of 
9 m (see Fig. PO5). 
 
The seafloor becomes less rocky from KM 0.30 to the end of tangent 1 at the bend at KM 
0.668 where sand covered bedrock with occasional boulders and small rock outcrops 
occur. Soft mobile sand sheets appear to migrate through this area covering and 
uncovering the bedrock (Fig. CO4). The seafloor slopes gently to the west changing in 
depth from ~9 m at KM 0.30 to ~12 m at KM 0.50, a change of ~3 m and then flattening 
to KM 0.668 where it stays at a pretty constant depth of ~12 m (see Fig. PO5).  
 
The second tangent starts at the bend at KM 0.668 and extends to the bend at KM 1.789 
where a flat, soft mobile unconsolidated sand sheet covers the bedrock and where 
occasional rippled scour depressions consisting of sand and gravel occur. Boulders and 
small bedrock exposures are locally present (see Fig. CO4). The seafloor gently slopes 
westward as a smooth surface with a change in depth from ~12 m at KM 0.668 to ~28 m 
at KM 1.789, a change of 16 m (see Fig. PO5). 
 
The arc in the corridor starts at KM 1.789 to bend at 2.488 the arc follows a flat, soft, 
unconsolidated sediment (sand) covered bedrock channel with scattered occasional 
boulders and small bedrock outcrops that trends between moderate relief, highly rugose, 
differentially eroded bedrock exposures (see Fig. CO4). The seafloor is generally smooth 
here a changes in depth from ~ 28 m at KM 1.789 to 33 m at KM 2.488, a change of 5 m 
(see Fig. PO5). 
  
Tangent 3 starts at the bend at KM 2.488 and from here to KM 4.60 extensive flat, soft, 
unconsolidated mobile sand sheets with occasional rippled scour depressions are present 



(see Fig. CO4). The seafloor very gently dips westward changing in depth from ~33 m at 
the bend at KM 2.488 to ~46 m at KM 4.60 (see Fig. PO5). 
 
From KM 4.60 to end of the corridor at KM 6.775 flat, soft, undifferentiated, 
unconsolidated sediment (sand and mud) cover the seafloor here. The seafloor gently 
slopes westward changing in depth from ~46 m at KM 4.60 to ~60 m at KM 6.775.  
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Figure Captions: 
 
Figure MO2 Potential marine benthic habitat map of the Point Buchane offshore area  
  showing location and kilometer marks of the five different seismic nodal  
  corridors: corridors numbered 1 to five from north to south at shoreline  
  terminuses. 
 
Figure CO1 Location and kilometer marks of seismic Nodal Corridor 1 in relation to a) 
  artificially illuminated digital multibeam echosounder bathymetry and b) 
   potential marine benthic habitat types.  
 
Figure PO1 Location and kilometer marks of seismic Nodal Corridor 1 with a)   
  bathymetric profile and b) in relation to potential marine benthic habitat  
  types. 
 
Figure CO2 Location and kilometer marks of seismic Nodal Corridor 2 in relation to a) 
  artificially illuminated digital multibeam echosounder bathymetry and b)  
  in relation to potential marine benthic habitat types. 
 
Figure PO2 Location and kilometer marks of seismic Nodal Corridor 2 with a)   
  bathymetric profile and b) in relation to potential marine benthic habitat  
  types. 
 



Figure CO3 Location and kilometer marks of seismic Nodal Corridors 3 and 4 in  
  relation to a) artificially illuminated digital multibeam echosounder  
  bathymetry and b) in relation to potential marine benthic habitat types. 
 
Figure PO4  Location and kilometer marks of seismic Nodal Corridor 3 with a)   
  bathymetric profile and b) in relation to potential marine benthic habitat  
  types. 
 
Figure PO3 Location and kilometer marks of seismic Nodal Corridor 4 with a)   
  bathymetric profile and b) in relation to potential marine benthic habitat  
  types. 
 
Figure CO4 Location and kilometer marks of seismic Nodal Corridor 5 in relation to a) 
  artificially illuminated digital multibeam echosounder bathymetry and b)  
  in relation to potential marine benthic habitat types. 
 
Figure PO5 Location and kilometer marks of seismic Nodal Corridor 5 with a)   
  bathymetric profile and b) in relation to potential benthic habitat types. 
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APPENDIX E 
MARINE WILDLIFE CONTINGENCY PLAN 

E.1 PROJECT DESCRIPTION 

The proposed Central Coastal California Seismic Imaging Project (Project) would be 
conducted within the coastal (onshore and near-shore) and offshore marine waters between 
Cambria and San Luis Bay, offshore San Luis Obispo County, California (Figure E-1).  The 
offshore and onshore sound source transects, as well as the near-shore/onshore geophone 
locations have not been finalized; as such, the transect corridors identified are approximate and 
subject to change. 

Project activities, which include vessel and onshore vehicle operations and the 
deployment and recovery of onshore, intertidal and near-shore geophones, are proposed within 
the two green rectangular areas (vessel operations) and the two smaller yellow-outlined 
onshore areas (geophone and onshore vehicles) in Figure E-1.  The offshore (vessel) survey 
would be conducted in both federal and state waters and water depths within the proposed 
survey areas range from 0 to over 400 m (1,300 ft); the State Three-Mile Limit is the orange line 
in Figure E-1.  The majority of the survey area is in water depths less than 100 m (330 ft). 

Figure E-2 depicts the proposed survey transit line.  These lines depict the actual survey 
lines as well as the turning legs.  The total line length is 880 km (547 miles) for the northern 
survey area and 1,231 km (765 miles) for the southern survey area.  Assuming a daily survey 
rate of approximately 40 km/day (25 miles/day), the survey is expected to take approximately 22 
days for the northern survey area and approximately 30 days for the southern component, not 
counting down time due to weather, marine mammal activity and other contingencies. 

The proposed activities comprise both in-water near-shore and onshore actions.  The 
offshore components consist of operating a geophysical vessel and support/monitoring vessels 
within the areas shown in Figure E-1 and transiting between the site and either Port San Luis or 
Morro Bay.  The geophysical vessel would tow a series of sound-generating air guns and 
sound-recording hydrophones along pre-determined shore-parallel and shore-perpendicular 
transects and to conduct deep (10 to 15 km [6 to 9 mi]) seismic reflection profiling of major 
geologic structures and fault zones in the vicinity of Diablo Canyon Power Plant (DCPP) that 
span the thickness of the seismogenic crust in this region. 

The near-shore actions include the placement of geophones (e.g. Fairfield Z700 nodal 
units) through the intertidal zone and into near-shore water areas (to approximately the 100 m 
[330 ft] isobath) and the generation of an onshore sound source that would be recorded by the 
geophones.  Near-shore operations would be conducted using locally available vessels such as 
the M/V Michael Uhl (Uhl).  Equipment including the geophones and cables would be loaded 
aboard the Uhl in Morro Bay Harbor and transferred to the offshore deployment locations.  
Following deployment and recovery of the geophones and cables, they would be transferred 
back to Morro Bay Harbor for transport offsite. 
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Figure E-1.  Project Area 
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Figure E-2.  Proposed Offshore Survey Lines 

The proposed offshore seismic survey would be conducted with geophysical vessels 
specifically designed and built to conduct such surveys.  Currently PG&E is soliciting proposals 
from potential survey contractors. 

Due to the nature of this work, a limited number of specialized vessels are available to 
conduct such operations.  The preferred survey vessel is the MV Marcus G. Langseth.  
Specifications for vessels currently under consideration for this Project are provided below.  
Once the survey contractor has been selected, the vessels’ details would be provided to all 
applicable permitting agencies. 
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In water depths from 30 to 305 m (100 to >1,000 ft), 6 to 12, 4.0 to 8.0 km-long (2.5 to 
5.0 mi) streamers would be towed behind the primary survey vessel.  The streamers would 
contain hydrophones placed at 12.5 meter group interval to maximize efficiency and minimize 
the number of source points while achieving overall Project objectives. 

• Primary vessel (60 to 100 m  [200 to 305 ft] length): suited for work in shallow waters 
and obstructed areas, outfitted to deploy/retrieve hydrophone streamers and air gun 
arrays, air compressors for the air gun array, and survey recording and processing 
facilities (e.g. R/V Marcus G. Langseth or Seisquest) 

• Secondary vessel (approximately 50 m [150 ft] length): would be used to 
deploy/retrieve seafloor geophones in the shallow water (0-20m) zone (e.g. M/V 
Michael Uhl). 

• Third vessel (approximately 15 m [50 ft] length): would act as a scout boat and 
support vessel for survey craft. 

The Langseth has a length of 71.5 m (235 ft), a beam of 17.0 m (56 ft), and a maximum 
draft of 5.9 m (19.4 ft).  The Langseth was designed as a seismic research vessel, with a 
propulsion system designed to be as quiet as possible to avoid interference with the seismic 
signals.  The ship is powered by two Bergen BRG-6 diesel engines, each producing 3,550 hp, 
which drive the two propellers directly.  Each propeller has four blades, and the shaft typically 
rotates at 750 revolutions per minute (rpm).  The vessel also has an 800 hp bowthruster, which 
is not used during seismic acquisition.  The operation speed during seismic data acquisition is 
typically 7.4 to 9.3 km/h (4.6 to 5.7 miles/h).  When not towing seismic survey gear, the 
Langseth typically cruises at 18.5 km/h (11.5 miles/h).  The Langseth has a range of 25,000 km 
(15,534 miles) (the distance the vessel can travel without refueling). 

The Seisquest has a length of 91.6 m (302.3 ft), a beam of 18 m (59.4 ft), and a 
maximum draft of 6.3 m (20.8 ft).  The Seisquest was designed as a seismic research vessel 
with a propulsion system consisting of one ducted propeller aft, with a maximum of 4300 kW, 
121 rpm and 2 ducted propellers at frame 70 with a maximum 1000 kW each 360o turnable 
compass thrusters.  The ship is powered by an RR B32:40L8P, 4000 kW, 750 rpm electrical 
motor.  The operational speed during seismic data acquisition is similar to the Langseth and it 
has a 10.5 knot cruising speed.  The Seisquest has an operation range of 1,853 km (1,000 
nautical miles) and has accommodations for up to 50 personnel. 

The following discussion is based on air guns currently available on board the Langseth.  
Final configuration of the air gun array would be based on the equipment proposed by the 
survey contractor, and would be provided upon final selection of the contractor.   

During the survey, the air gun array to be used would likely consist of 2 subarrays of 18 
air guns, each with a total volume of ~3,300 in3.  The air gun array would consist of a mixture of 
Bolt 1500LL and Bolt 1900LLX air guns.  The air guns in each subarray would be configured as 
two identical linear arrays or “strings” (Fig. 1-3).  Each string would have 10 air guns; the first 
and last air guns in the strings are spaced 16 m apart.  Nine air guns in each string would be 
fired simultaneously, whereas the tenth is kept in reserve as a spare, to be turned on in case of 
failure of another air gun.  The subarrays would be fired alternately during the survey.  Each of 
the two subarrays would be towed ~140 m behind the vessel and would be distributed across 
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an area of ~12×16 m behind the primary vessel, offset by 75 m.  The shot interval would be 25 
m during the study.  The firing pressure of the subarrays is 1900 psi.  During firing, a brief (~0.1 
s) pulse of sound is emitted.  The air guns would be silent during the intervening periods.    

The tow depth of the array would be ~7 m (25 ft).  Because the actual source is a 
distributed sound source (18 air guns) rather than a single point source, the highest sound 
levels measurable at any location in the water would be less than the nominal single point 
source level.  In addition, the effective (perceived) source level for sound propagating in near-
horizontal directions would be substantially lower than the nominal omnidirectonal source level 
applicable to downward propagation because of the directional nature of the sound from the air 
gun array.  

Details regarding the proposed 18-Air gun Array (2 Strings) Specifications are as follows: 

• Energy Source:  Eighteen 2000 psi Bolt air guns of 40–360 in3  
• Source output (downward):  0-pk is 42 bar-m (252 dB re 1 μPa m); pk-pk is 87 bar-m 

(259 dB)  
• Towing depth of energy source:  ~7 m  
• Air discharge volume:  ~3300 in3  
• Dominant frequency components:  0–188 Hz  

The empirical data indicated that, for deep water (>1,000 m), the L-DEO model (as 
applied to the Langseth’s 36-air gun array) overestimated the measured received sound levels 
at a given distance (Tolstoy et al. 2009).  However, to be conservative, the modeled distances 
for the Langseth’s 18-air gun subarray would be applied to deep-water areas during the 
proposed study (Table E-1).  As very few, if any, mammals are expected to occur below 2,000 
m, this depth was used as the maximum relevant depth.  

Table E-1. Predicted RMS Radii (m) 

 
Empirical measurements of sounds from the Langseth’s air gun array were not acquired 

for intermediate depths (100–1000 m). On the expectation that results would be intermediate 
between those from shallow and deep water, a correction factor of 1.5× would be applied to the 
estimates provided by the model for the 18-air gun subarray operating in deep-water situations 
to obtain estimates for intermediate-depth sites (Table E-1).  
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Table E-1 shows the distances at which 4 root mean square (rms) sound levels are 
expected to be received from the 18-air gun subarray and a single air gun.  The 180- and 190-
dB re 1 μParms distances are the exclusion zone criteria as specified by NMFS (2000) and are 
applicable to cetaceans and pinnipeds, respectively.  The 180-dB distance would also be used 
as the exclusion zone for sea turtles, as required by NMFS in most other recent seismic projects 
(e.g., Smultea et al. 2004; Holst et al. 2005a,b; Holst and Beland 2008; Holst and Smultea 
2008).  If marine mammals or turtles are detected within or about to enter the appropriate 
exclusion zone, the air guns would be powered down (or shut down if necessary) immediately. 

E.2 MARINE WILDLIFE 

The marine mammals recorded along the central California coast, of which most can 
occur within the Project area, include 21 cetaceans (whales, dolphins, and porpoises), 5 
pinnipeds (seals and sea lions), and 1 fissiped.  Seasonal abundances of these taxa vary with 
pinnipeds and some dolphins being considered year-round residents, while other species are 
migratory (i.e. gray whales [Eschrichtius robustus]) or are most common during specific months 
(i.e. blue whales [Balaenoptera musculus] and humpback whales [Megaptera novaengliae] are 
most abundant in the summer and fall months).  Within the Project area, permanent residents 
and migrants could be expected.  

During recent surveys within the Project area, commonly observed species included; 
gray whale, humpback whale, minke whale, killer whale, common bottlenose dolphin, California 
sea lion, Dall’s porpoise, blue whale, Pacific harbor seal, elephant seal, southern sea otter, and 
Risso’s dolphin (Padre, 2011; Tenera, 2007; Tenera, 2008).  More extensive life history 
discussions are included in Attachment 1 of this report. 

Three species of marine turtles could occur within the Project area:  Pacific Ridley sea 
turtle (Lepidochelys olivacea), leatherback sea turtle (Dermochelys coriacea), and green sea 
turtle (Chelonia mydas).  Marine turtles have been documented off of the DCPP through 2009; 
all sightings have been green turtles (PG&E, 2009). 

The animals shown in Table E-2 are marine mammals and reptiles that are known to 
occur in the marine waters of California, of which most, but not all, could be present in the 
Project area during the seismic surveys.  Table E-3 provides information on the seasonal 
variations in the marine wildlife community within the Project area.  Additional details on the 
biology of those animals are provided in Attachment 1 (Species Descriptions). 
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Table E-2.  Abundance Estimates for Marine Mammals and Reptiles of California 

Common Name 
Scientific Name 

Minimum Population Estimate 
 Current Population Trend 

REPTILES 
Cryptodira 

Pacific olive ridley turtle 
Lepidochelys olivacea 

1.39 million 
(Eastern Tropical Pacific)** Increasing 

Green turtle 
Chelonia mydas 

3,319 – 3,479** 
(Eastern Pacific Stock) Decreasing 

Leatherback turtle 
Dermochelys coriacea 

178 
(California)** Decreasing 

MAMMALS 
Mysticeti 

California gray whale 
Eshchrichtius robustus 18,017 Fluctuating annually 

Fin whale 
Balaenoptera physalus 2,624 Increasing off California 

Humpback whale 
Megaptera novaeangliae 1,878 Increasing 

Blue whale 
Balaenoptera musculus 

2,046 
(U.S. west coast) 

Unable to determine 

Minke whale 
Balaenoptera acutorostrata 202 No long-term trends suggested 

Northern right whale 
Eubalaena japonica 17 (based on photo-identification) No long-term trends suggested 

Sei whale  
Balaenoptera borealis 83 No long-term trends suggested 

Odontoceti 
Short-beaked common dolphin 
Delphinus delphis 343,990 Unable to determine 

Harbor porpoise 
Phocoena phocoena 
Dall’s porpoise 
Phocoenoides dalli 

3,269 
(Morro Bay-Monterey Bay Area) 

32,106 

Unable to determine 
 
Unable to determine 

Pacific white-sided dolphin 
Lagenorhynchus obliquidens 21,406 No long-term trends suggested 

Risso’s dolphin 
Grampus griseus 4,913 No long-term trends suggested 

Northern right whale dolphin 
Lissopelphis borealis 6,019 No long-term trends suggested 

Long-beaked common dolphin 
Delphinus capensis 17,127 Unable to determine 

Bottlenose dolphin 
Tursiops truncatus 

684 
(290 in Coastal California 

population) 

No long-term trends suggested 

Sperm whale 
Physeter macrocephalus 751 No long-term trends suggested 

Short-finned pilot whale 
Globicephala macrorhynchus 465 No long-term trends suggested 

Killer whale 
(Orcinus orca) 

85 (eastern North Pacific southern 
resident stock) 

354 (eastern North Pacific offshore 
stock) 

Declining 
 
No long-term trends suggested 

Pinnipedia 
California sea lion 
Zalophus californianus californianus 141,842 Unable to determine; increasing in most 

recent three year period 
Northern elephant seal 
Mirounga angustirostis 74,913 Increasing 
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Table E-2.  (Continued) 

Common Name 
Scientific Name 

Minimum Population Estimate 
 Current Population Trend 

Pacific harbor seal 
Phoca vitulina richardsi 

31,600 
(California population) 

Stable 

Northern fur seal 
Callorhinus ursinus 5,395 (San Miguel Island stock) Increasing 

Guadalupe fur seal 
Arctocephalus townsendi 

3,028 (Mexico stock) 
Undetermined in California 

Increasing 

Northern (Steller) sea lion 
Eumetopias jubatus 

2,479 
(California population) 

Decreasing 

Fissipedia 
Southern sea otter 
Enhydra lutris nereis 2,711* Unable to determine 

Estimates provided by National Marine Fisheries Service (NOAA Fisheries 2011) 
* Estimate provided by USGS (2010b) 
** Estimates provided by NMFS (2004, Marquez, et al. (2002), Eguchi et al. (2007), Benson et al. (2007), and NMFS (2007).  

Estimates are based on number of current numbers of nesting females. 
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Table E-3.  Marine Wildlife Species and Most Likely 
Periods of Occurrence within the Project Area 

Month of Occurrence(1) Family 
Common Name J F M A M J J A S O N D 
REPTILES 
Cryptodira 

Olive Ridley sea turtle (T)(2)             
Green sea turtle (T)(2)             
Leatherback sea turtle (E)(2)             

MAMMALS  
Mysticeti 

California gray whale             
Blue whale (E)             
Fin whale (E)             
Humpback whale (E)             
Minke whale              
Sei whale (E)             
Northern right whale (E)             

Odontoceti 
Short-beaked common dolphin             
Dall’s porpoise             
Harbor Porpoise             
Long-beaked common dolphin             
Pacific white-sided dolphin             
Risso’s dolphin             
Short-finned pilot whale             
Bottlenose dolphin             
Northern right whale dolphin             
Killer Whale             

Pinnipedia 
Northern fur seal(3)             
California sea lion              
Northern elephant seal(4)             
Pacific harbor seal             
Steller sea lion             

Fissipedia 
Southern sea otter (T)(5)             

 
(E) Federally listed endangered species. 
(R) Rare species. 
(T) Federally listed threatened species. 
(1) Where seasonal differences occur, individuals may also be found in the “off” season.  Also, depending on the species, the 

numbers of abundant animals present in their “off” season may be greater than the numbers of less common animals in their 
“on” season. 

(2) Rarely encountered, but may be present year-round.  Greatest abundance during July through September.  
(3) Only a small percent occur over continental shelf (except near San Miguel rookery, May-November). 
(4) Common near land during winter breeding season and spring molting season. 
(5) Only nearshore (diving limit 100 feet).  
Sources:  Bonnell and Dailey (1993), NOAA Fisheries (2009), NCCOS (2007) 

Relatively uniform 
distribution 

 Not expected to occur  More likely to occur due to seasonal 
distribution 
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E.3 NOISE EFFECTS 

This MWCP is based on guidelines and procedures developed as part of the High 
Energy Seismic Survey (HESS) Program and is consistent with the operational conditions 
placed onto the existing California State Lands Commission (CSLC) non-exclusive geological 
sampling permit.  The High Energy Seismic Survey Team (HESST), comprising staff from the 
CSLC, the U.S. Minerals Management Service (now the BOEMRE) and representatives of 
environmental groups, established interim guidelines for HESS offshore southern California 
(HESST, 1999).  Those guidelines summarize several studies on the effects of noise on marine 
mammals and reptiles, identify noise levels that are considered to harass those animals, and 
suggest exclusion and safety zones and other mitigations that would reduce or eliminate 
potential impacts to those organisms. 

PG&E proposes to institute mitigations that are consistent with those recommendations 
made by the HESST and that are based on Project-specific noise modeling of the system that is 
proposed for this survey.  Greene, 2008 calculated the distance from the sound sources that are 
proposed for this survey for various noise levels (dB re: 1µPa-m [rms]).   

A comprehensive literature review on the effects of air gun operations on marine wildlife 
is included in Attachment 2 of this MWCP. 

E.4 SURVEY MITIGATIONS AND MONITORING 

The PG&E MWCP is a combination of active monitoring of the area during the seismic 
survey operations and the implementation of mitigation measures designed to minimize Project 
impacts to marine resources.  If marine mammals or other sensitive wildlife are observed within 
or about to enter the exclusion zone around the proposed survey activities, mitigation will be 
initiated by vessel-based marine mammal monitors.  The size of the 180 dB re 1 μPa (rms) 
exclusion zone was modeled and is described below in Section 3.3 - Mitigation Measures 
During Survey Activities.  The radius will be used to initiate mitigation during initial survey 
activities at which time an acoustics contractor will measure underwater sound propagation from 
the air guns to empirically determine the size of the exclusion zone.  The measured distance will 
be used for mitigation purposes as soon as they become available and through the duration of 
the survey.  An initial sound source analysis will be supplied to NMFS and the seismic survey 
operators within 120 hours of completion of the measurements.  Distances to the “exclusion” 
and “safety” zones will be revised based on those actual measurements.   

Visual monitoring of the exclusion and safety zones by marine mammal monitors during 
air gun survey activities, and periods when geophysical surveys are not active, will provide 
information on the numbers of marine mammals potentially affected by the survey activities and 
facilitate real time mitigation to prevent impacts to marine mammals by Project sounds or 
activities.  Vessel- and aircraft-based marine mammal monitors onboard the survey vessel will 
record the numbers and species of marine mammals observed in the area and any observable 
reaction of marine mammals to the survey activities.  

E.4.1 Vessel-Based Marine Wildlife Contingency Plan 

The vessel-based operations of PG&E MWCP are designed to meet the anticipated 
requirements of Incidental Harassment Authorization (IHA) and Letter of Authorization (LOA) 
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permits issued by NMFS and USFWS, respectively, and to meet any other stipulation 
agreements between PG&E and other permitting agencies.  The objectives of the program will 
be:  

• to ensure that disturbance to marine mammals and other sensitive marine species 
are minimized and that all permit stipulations are followed,  

• to document the effects of the proposed survey activities on marine wildlife, and  
• to collect baseline data on the occurrence and distribution of marine wildlife in the 

study area.  

The MWCP will be implemented by PG&E and a team of experienced marine mammal 
monitors.  Monitors will be stationed aboard the survey vessels through the duration of the 
Project.  Reporting of the results of the vessel-based monitoring program will include the 
estimation of the number of takes as stipulated in the Final IHA and LOA.  

The vessel-based monitoring and observations will provide:  

• the basis for real-time mitigation, if necessary, as required by the various permits that 
PG&E receives; 

• information to estimate the effects of the operations on marine wildlife which must be 
reported to NMFS and USFWS;  

• data on the occurrence, distribution, and activities of marine wildlife in the areas 
where the survey program is conducted; and,  

• information to compare the distances, distributions, behavior, and movements of 
marine mammals relative to the survey vessel with and without air gun activity. 

E.4.2 Aerial Surveys 

PG&E proposes to conduct aerial surveys in conjunction with the proposed seismic 
survey operations.  The purposes of these survey efforts will be to: 

• obtain pre-survey information on the numbers and distribution of marine mammals in 
the seismic survey area;  

• document changes in the behavior and distribution of marine mammals in the area 
during seismic operations; and, in some cases,  

• obtain post-survey information on marine mammals in the survey area to document 
whether detectable changes in numbers and distribution have occurred in response 
to the seismic operations. 

With the anticipated timing of the seismic survey operations particular attention will be 
taken to identify the likelihood of the presence of blue and humpback whales, as well as fin 
whales due to the high likelihood to be present in the Project area (June to October).  Should 
survey operation occur later in the year additional efforts will focus on gray whale migration 
activities (mid-December through mid-May). 

Aerial survey operations will include the follow components 
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• Approximately 1 week prior to the start of seismic survey operations, an aerial survey 
will be flown to establish a baseline for species, numbers and distribution of marine 
mammals in the Project area. 

• Aerial surveys will be conducted during the initial phase of seismic survey operations 
to assist in the identification of marine mammals within the Project exclusion zone.  
Aerial monitors will work in direct communications with ship-based monitors to 
assess the effectiveness of monitoring operations.  Based on the results of these 
coordinated monitoring efforts the need for additional aerial surveys will be 
evaluated. 

• Approximately 1 week prior to the completion of the offshore seismic survey 
operations a final aerial survey will be conducted to document the number and 
distribution of marine mammals in the Project area.  These data will be used in 
comparison with original survey data completed prior to the seismic operations. 

E.4.3 Mitigation Measures During Survey Activities 

PG&E’s planned site survey program incorporates both design features and operational 
procedures for minimizing potential impacts on marine mammals and sensitive species. The 
design features and operational procedures will be described in the IHA and LOA applications 
submitted to NMFS and USFWS, respectively and are summarized below. Survey design 
features include:  

• timing and locating survey activities to avoid interference with the annual gray whale 
migration period;  

• identifying transit routes and timing to minimize impacts to commercial and 
recreational fishing operations;  

• limiting the size of the seismic sound source to minimize energy introduced into the 
marine environment; and 

• establishing precautionary exclusion zone based on previous measurements of a 
similar sound source in the area.  

The potential disturbance of marine mammals during survey operations will be 
minimized further through the implementation of several ship-based mitigation measures if 
mitigation becomes necessary.  

E.4.4 Exclusion and Safety Zones 

Under current NMFS guidelines (e.g., NMFS 2000), “exclusion zone” for marine 
mammals (cetaceans and pinnipeds) are customarily defined as the distances within which 
received sound levels are ≥180 dB re 1 µPa (rms).  These harassment criteria are based on an 
assumption that sound energy received at lower received levels will not injure these animals or 
impair their hearing ability, but higher received levels might have some effects.  Also 
disturbance or behavioral effects to marine mammals from underwater sound may occur after 
exposure to sound at distances greater than the designated exclusion zone (Richardson et al. 
1995).   
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The initial exclusion and safety zones for the sound levels produced by the planned air 
gun configurations have been estimated and summarized in Table E-4. 

Table E-4.  Predicted Distances to Sound Pressure Levels 
(root mean square [rms]) in Meters from Sound Source 

 
An acoustics contractor will perform direct measurements of the received levels of 

underwater sound versus distance and direction from the air gun survey vessel using calibrated 
hydrophones.  The acoustic data will be analyzed as quickly as reasonably practicable in the 
field and used to verify and adjust the distances shown in Table E-4. The mitigation measures to 
be implemented at the 180 dB sound levels will include power downs and shut downs as 
described below.   

E.4.5 Speed and Course Alterations 

If a marine mammal is detected outside the applicable exclusion zone and, based on its 
position and direction of travel, is likely to enter the exclusion zone, changes in the vessel's 
speed will be considered if this does not compromise operational safety.  For marine seismic 
surveys using large streamer arrays, course alterations are more difficult.  After any such speed 
and/or course alteration is begun, the marine mammal activities and movements relative to the 
seismic vessel will be closely monitored to ensure that the marine mammal does not enter into 
the exclusion zone.  If the mammal appears likely to enter the exclusion zone, further mitigation 
actions will be taken, including a power down or shut down of the air gun(s).  

E.4.6 Ramp Ups 

A ramp up of an air gun array provides a gradual increase in sound levels, and involves 
a step-wise increase in the number and total volume of air guns firing until the full volume is 
achieved.  The purpose of a ramp up (or soft start) is to “warn” cetaceans and pinnipeds in the 
vicinity of the air guns and to provide the time for them to leave the area and thus avoid any 
potential injury or impairment of their hearing abilities.  

During the proposed site survey program, the seismic operator will ramp up the air gun 
cluster slowly (6 dB/5 min).  Full ramp ups (i.e., from a cold start after a shut down, when no air 
guns have been firing) will begin by firing a single air gun in the array.  The minimum duration of 
a shut-down period, i.e., without air guns firing, which must be followed by a ramp up, is typically 
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the amount of time it would take the source vessel to travel across the 180-dB exclusion zone.  
Given the size of the planned air gun array, we estimate that period to be about 1 to 2 minutes 
(min) based on the modeling results described above and a survey speed of 4 knots. 

A full ramp up, after a shut down, will not begin until there has been a minimum of 30 
min of observation of the exclusion zone with no marine mammals present.  The entire 
exclusion zone must be visible during the 30-min lead-in to a full ramp up.  If the entire 
exclusion zone is not visible, then ramp up from a cold start cannot begin. If a marine 
mammal(s) is sighted within the exclusion zone during the 30-min watch prior to ramp up, ramp 
up will be delayed until the marine mammal(s) is sighted outside of the exclusion zone or the 
animal(s) is not sighted for at least 15 to 30 min: 15 min for small odontocetes and pinnipeds, or 
30 min for baleen whales and large odontocetes.  

During turns or brief transits between seismic transects, one air gun will continue 
operating.  The ramp-up procedure will still be followed when increasing the source levels from 
one air gun to the full air gun cluster.  However, keeping one air gun firing will avoid the 
prohibition of a cold start during periods of poor visibility.  Through use of this approach, seismic 
operations can resume upon entry to a new transect without the 30-min watch period of the full 
exclusion zone required for a cold start.  Marine mammal monitors will be on duty whenever the 
air guns are firing during daylight, and during the 30-min periods prior to ramp-ups as well as 
during ramp-ups.  The seismic operator and marine mammal monitors will maintain records of 
the times when ramp-ups start, and when the air gun arrays reach full power.  

E.4.7 Power Downs 

A power down for immediate mitigation purposes is the immediate reduction in the 
number of operating air guns such that the radius of the 180 dB root mean square (rms) zones 
is decreased to the extent that observed marine mammal(s) is/are not in the exclusion zone of 
the full array.  Power downs are also used while the vessel turns from the end of one survey line 
to the start of the next.  During a power down, one air gun (or some other number of air guns 
less than the full air gun array) will continue firing. The continued operation of one air gun is 
intended to (a) alert marine mammals to the presence of the seismic vessel in the area, and (b) 
retain the option of initiating a ramp up to full operations under poor visibility conditions.   

The array will be immediately powered down whenever a marine mammal is sighted 
approaching close to or within the exclusion zone of the full array, but is outside the exclusion 
zone of the single mitigation air gun. Likewise, if a mammal is already within the exclusion zone 
when first detected, the air guns will be powered down immediately. If a marine mammal is 
sighted within or about to enter the exclusion zone of the single mitigation air gun, it too will be 
shut down (see following section).   

Following a power down, operation of the full air gun array will not resume until the 
marine mammal has cleared the exclusion zone. The animal will be considered to have cleared 
the exclusion zone if it:  

• is visually observed to have left the safety zone of the full array, or  
• has not been seen within the zone for 15 min in the case of pinnipeds or small 

odontocetes, or  
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• has not been seen within the zone for 30 min in the case of mysticetes or large 
odontocetes.  

E.4.8 Shut Downs 

The operating air gun(s) will be shut down completely if a marine mammal approaches 
or enters the exclusion zone and a power down is not practical or adequate to reduce exposure 
of the animal to less than 180 dB (rms).  In most cases, this means the mitigation air gun will be 
shut down completely if a marine mammal approaches or enters the exclusion zone around the 
mitigation air gun while it is operating during a power down.  Full air gun array activity will not 
resume until the marine mammal has cleared the exclusion zone.  The animal will be 
considered to have cleared the exclusion zone as described above under power down 
procedures.  

E.4.9 Marine Mammal Monitors 

Vessel-based monitoring for marine wildlife will be done by experienced marine mammal 
monitors throughout the period of survey activities to comply with expected provisions in the IHA 
and LOA that PG&E receives.  The observers will monitor the occurrence and behavior of 
marine mammals near the survey vessels during operations.  Marine mammal monitor duties 
will include watching for and identifying marine mammals; recording their numbers, distances, 
and reactions to the survey operations; and documenting “take by harassment” as defined by 
NMFS.  

E.4.9.1 Number of Observers 

A sufficient number of marine mammal monitors will be required onboard the survey 
vessel to meet the following criteria:  

• 100 percent monitoring coverage during all periods of survey operations in daylight;  
• maximum of 4 consecutive hours on watch per marine mammal monitor;  
• maximum of ~12 hours of watch time per day per marine mammal monitor.  

Marine mammal monitoring teams will consist of one NOAA approved monitor along with 
experienced field biologists.  A fully-qualified field crew leader will supervise the marine mammal 
monitor team onboard the survey vessels.  PG&E currently plans to have three marine mammal 
monitors aboard the site survey vessel.  

E.4.9.2 Observer Qualifications 

Crew leaders and other biologists serving as observers will be individuals with 
experience as observers during shallow hazards monitoring projects in California, or other 
offshore areas in recent years.  

Biologist-observers will have previous marine mammal observation experience, and field 
crew leaders will be fully-qualified and highly experienced with previous vessel-based marine 
mammal monitoring and mitigation projects.  Resumes for those individuals will be provided to 
NOAA Fisheries for review and acceptance of their qualifications.  Observers will be 
experienced in the region, familiar with the marine mammals of the area, and complete an in-
house observer training course designed to familiarize individuals with monitoring and data 
collection procedures.  
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E.4.10 Monitoring Methodology 

The observer(s) will watch for marine mammals from the best available vantage point on 
the survey vessels, typically the bridge or from a separate dedicated monitoring vessel.  The 
observer(s) will scan the sea surface systematically with the unaided eye and with 7×50 reticle 
binoculars.  Personnel on the vessel will assist the marine mammal observer(s) in watching for 
marine mammals.  

Information to be recorded by marine mammal observers will include the same types of 
information that were recorded during recent monitoring programs associated with surveys 
completed offshore California.  When a mammal sighting is made, the following information 
about the sighting will be recorded:  

• Species, group size, age/size/sex categories (if determinable), behavior when first 
sighted and after initial sighting, heading (if determinable), bearing and distance from 
observer, apparent reaction to activities (e.g., none, avoidance, approach, 
paralleling, etc.), closest point of approach, and pace.  

• Time, location, speed, and activity of the vessel, sea state, and visibility. 
• The positions of other vessel(s) in the vicinity of the observer location.   

The ship’s position, speed of the vessel, water depth, sea state, and visibility will also be 
recorded at the start and end of each observation watch, every 30 minutes during a watch, and 
whenever there is a substantial change in any of those variables.  

When a marine mammal is seen within the exclusion zone, the geophysical crew will be 
notified immediately so that mitigation measures called for in the applicable authorization(s) can 
be implemented.  It is expected that the air gun arrays will be shut down within several 
seconds—often before the next shot would be fired, and almost always before more than one 
additional shot is fired.  The marine mammal observer will then maintain a watch to determine 
when the mammal(s) appear to be outside the safety zone such that air gun operations can 
resume.  

E.4.11 Field Data Recording, Verification and Handling, and Security 

The observers will record their observations onto datasheets or directly into handheld 
computers (see Attachment 3 of this MWCP for sample of Onboard Observations Reporting 
Form).  During periods between watches and periods when operations are suspended, those 
data will be entered into a laptop computer.  The accuracy of the data entry will be verified in the 
field by computerized validity checks as the data are entered, and by subsequent manual 
checking of the database printouts against the original raw data on the field sheets.  These 
procedures will allow initial summaries of data to be prepared during and shortly after the field 
season, and will facilitate transfer of the data to statistical, graphical or other programs for 
further processing.  Quality control of the data will be facilitated by:  (1) the start-of season 
training session, (2) subsequent supervision by the onboard field crew leader, and (3) ongoing 
data checks during the field session.  Weekly monitoring reports will be submitted to PG&E by 
the lead monitor for subsequent submission to the appropriate agencies. 
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The data will be backed up regularly onto CDs and/or USB disks, and stored at separate 
locations on the vessel.  If possible, data sheets will be photocopied daily during the field 
season.  Data will be secured further by having data sheets and backup data CDs carried back 
to the shore during crew rotations.  
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E.5 REPORTING PROCEDURES 

E.5.1 Field Reports 

Throughout the survey program, observers will prepare a report each day or at such 
other intervals as NOAA Fisheries, U.S. Fish and Wildlife Service (USFWS), U.S. Army Corps of 
Engineers, California State Lands Commission, California Coastal Commission, or PG&E may 
require, summarizing the recent results of the monitoring program.  The reports will summarize 
the species, numbers of marine mammals sighted, and any required actions taken.  These 
reports will be provided to NOAA Fisheries and to the PG&E.  

E.5.2 Reporting 

The results of the vessel-based monitoring, including estimates of “take by harassment”, 
and final technical reports will be presented following the completion of the field survey.  
Reporting will address the requirements established by NOAA Fisheries and USFWS.  

The technical report(s) will include:  

• summaries of monitoring effort: total observational hours, total number of line miles 
of seismic data collection, and distribution of marine mammals through the study 
period accounting for sea state and other factors affecting visibility and detectability 
of marine mammals;  

• analyses of the effects of various factors influencing detectability of marine mammals 
including sea state, number of observers, and fog/glare;  

• species composition, occurrence, and distribution of marine mammal sightings 
including date, water depth, numbers, age/size/gender categories, and group sizes;  

• analyses of the effects of survey operations: 
− sighting rates of marine mammals during periods with and without air gun 

activities (and other variables that could affect detectability);  
− initial sighting distances versus air gun activity state;  
− closest point of approach versus air gun activity state;  
− observed behaviors and types of movements versus air gun activity state;  
− numbers of sightings/individuals seen versus air gun activity state;  
− distribution around the survey vessel versus air gun activity state;  
− estimates of “take by harassment”.  
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E.5.3 Collision Response 

If a collision with marine wildlife occurs, the vessel operator must document the 
conditions under which the accident occurred, including the following: 

• location of the vessel when the collision occurred (latitude and longitude); 
• date and time; 
• speed and heading of the vessel; 
• observation conditions (e.g., wind speed and direction, swell height, visibility in miles 

or kilometers, and presence of rain or fog); 
• species of marine wildlife contacted; 
• whether an observer was observing for marine wildlife; and, 
• names of vessel, operator (the company), and captain or officer in charge of the 

vessel at time of accident. 

After a collision, the vessel should stop, if safe to do so, however the vessel is not 
obliged to stand by and may proceed after confirming that it will not further damage the animal 
by doing so.  The vessel will then communicate by radio or telephone all details to the vessel’s 
base of operations. 

From the vessel’s base of operations, a telephone call will be placed to the Stranding 
Coordinator, NOAA Fisheries (National Marine Fisheries Service [NMFS]), Southwest Region, 
Long Beach, to obtain instructions.  Alternatively, the vessel captain may contact the NOAA 
Fisheries Stranding Coordinator directly using the marine operator to place the call or directly 
from an onboard telephone, if available to: 

Southwest Regional Stranding Coordinator 
National Marine Fisheries Service 
501 West Ocean Blvd, Suite 4200 

Long Beach, CA  90802-4213 
562-980-4017 

Contact: Sarah Wilkin 

Email:  sarah.wilkin@noaa.gov 

It is unlikely that the vessel will be asked to stand by until NOAA Fisheries or California 
Department of Fish and Game (CDFG) personnel arrive, but this will be determined by the 
Stranding Coordinator.  According to the Marine Mammal Protection Act, the vessel operator is 
not allowed to aid injured marine wildlife or recover the carcass unless requested to do so by 
the NOAA Fisheries Stranding Coordinator. 

Collisions with or other project-resulting impacts to marine wildlife will be reported 
promptly to the NOAA Fisheries Stranding Coordinator.  From the report, the Stranding 
Coordinator will coordinate subsequent action, including enlisting the aid of marine mammal 
rescue organizations, if appropriate. 

Although NOAA Fisheries has primary responsibility for marine mammals in both state 
and federal waters, the CDFG should also be advised that an incident has occurred in state 
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waters affecting a protected species.  Reports should be communicated to the federal and state 
agencies listed below: 

Federal 
Sarah Wilkin, Stranding 

Coordinator 
Southwest Region 

National Marine Fisheries Service 
Long Beach, California 

(562) 980-4017 

State 
Enforcement Dispatch Desk 

California Department of Fish and 
Game 

Long Beach, California 
(562) 590-5132 

State 
California State Lands Commission

Mineral Resources Management 
Division 

Long Beach, California 
(562) 590-5071 
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ATTACHMENT 1 
MARINE WILDLIFE DESCRIPTIONS 

The species discussed below could possibly occur with the proposed survey area 
although not all of the species discussed would be expected to occur during the survey period. 

Cryptodira (Turtles). Several species of sea turtles occur within waters off the 
California coast; however, three species are most likely to occur within the Project area waters:  
Pacific Ridley sea turtle (Lepidochelys olivacea), leatherback sea turtle (Dermochelys coriacea), 
and green sea turtle (Chelonia mydas).  Overall, populations of marine turtles have been greatly 
reduced due to over-harvesting and loss of nesting sites in coastal areas (Ross, 1982).  All 
three (Pacific Ridley, leatherback, and green) are listed as endangered under the FESA. 

In the eastern Pacific, most of the turtles nest along the coasts of Mexico and Central 
America.  The nesting season or cycle varies greatly between species, but is generally from 
May to September.  Sea turtles breed at sea; and the females return to their natal beaches to 
lay their eggs.  Female turtles can nest several times in a season but at 2 to 3-year intervals.  
The eggs, after being laid in the sand, hatch in about 2 months; and the young instinctively head 
for the sea (MFS Globenet Corp./WorldCom Network Services, 2000).  General distribution and 
species-specific information is provided in the following paragraphs.  

Green sea turtle.  Green sea turtles generally occur worldwide in waters with 
temperatures above 20°C (MFS Globenet Corp./WorldCom Network Services, 2000; 
NAWCWPNS Point Mugu Sea Range, 2000).  Green sea turtles have been reported as far 
north as Redwood Creek in Humboldt County and off the coasts of Washington, Oregon, and 
British Columbia (Channel Islands National Marine Sanctuary, 2000; MFS Globenet 
Corp./WorldCom Network Services, 2000).  The green sea turtle is thought to nest on the 
Pacific coasts of Mexico, Central America, South America, and the Galapagos Islands.  There 
are no known nesting sites along the west coast of the U.S., and the only known nesting 
location in the continental U.S. is on the east coast of Florida (MFS Globenet Corp./WorldCom 
Network Services, 2000;).  Green sea turtles are sighted year-round in marine waters off the 
southern California coast, with the highest concentrations occurring during July through 
September.  Green sea turtles are omnivores, feeding primarily on algae and sea grasses (MFS 
Globenet Corp./WorldCom Network Services, 2000), but also eat fish and invertebrates (e.g., 
sardines, anchovies, jellies, mollusks, worms, etc.) (MFS Globenet Corp./WorldCom Network 
Services, 2000).  Recent minimum population estimates for green sea turtles indicate that at 
least 3,319 individuals are known to occur in the eastern Pacific (NOAA Fisheries and USFWS, 
2007).  This population is believed to be increasing (NOAA, 2008b). 
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Olive Ridley sea turtle.  The olive Ridley sea turtle is distributed circumglobally and is 
regarded as the most abundant sea turtle in the world (Eguchi, 2007).  Within the east Pacific, 
the normal range of Pacific Ridley sea turtles is from Southern California to Peru (NOAA, 
2008b).  However, they have been reported as far north as Washington, Oregon, and are a rare 
visitor to the California coast (MFS Globenet Corp./WorldCom Network Services, 2000).  The 
olive Ridley sea turtle is omnivorous, feeding on fish, crabs, shellfish, jellyfish, sea grasses, and 
algae (Channel Islands National Marine Sanctuary, 2000; MFS Globenet Corp./WorldCom 
Network Services, 2000), and may dive to considerable depths (79 to 300 m [260 to 980 ft]). 

Major nesting beaches are located on the Pacific coasts of Mexico and Costa Rica (MFS 
Globenet Corp./WorldCom Network Services, 2000; Eguchi, 2007).  The population on Pacific 
beaches in Mexico has declined from an estimated 10 million adults in 1950 to less than 80,000 
in 1983 due to excessive over-harvesting (Channel Islands National Marine Sanctuary, 2000; 
MFS Globenet Corp./WorldCom Network Services, 2000).  Conservation measures, such as 
increased nesting beach protection and closure of the turtle fishery in 1990, have led to a 
dramatic increase in the once largest nesting population in the world.  The number of olive 
Ridley nests has increased from 50,000 in 1988 to over 700,000 in 1994 to more than a million 
nests in 2000 (Márquez et al. 2002).  The eastern tropical Pacific population is estimated at 1.39 
million, which is consistent with the dramatic increases of olive Ridley nesting populations that 
have been reported (Eguchi, 2007).   

Leatherback sea turtle.  Leatherback sea turtles are the most common sea turtle off the 
west coast of the U.S. (NAWCWPNS Point Mugu Sea Range, 2000; Channel Islands National 
Marine Sanctuary, 2000).  Leatherback sea turtles have been sighted as far north as Alaska and 
as far south as Chile (Channel Islands National Marine Sanctuary, 2000; MFS Globenet 
Corp./WorldCom Network Services, 2000; NAWCWPNS Point Mugu Sea Range, 2000).  Their 
extensive latitudinal range is due to their ability to maintain warmer body temperatures in colder 
waters (MFS Globenet Corp./WorldCom Network Services, 2000).  Off the U.S. west coast, 
leatherback turtles are most abundant from July to September.  It has been noticed that their 
appearance off the U.S. west coast is "two pronged" with sightings occurring in northern 
California, Oregon, Washington, and southern California, with few sighting occurring along the 
intermediate coastline.  In southern California waters, leatherback turtles are most common 
during the months of July through September, and in years when water temperatures are above 
normal.  In January, 2010, NOAA submitted a proposal to revise the current habitat for the 
leatherback sea turtle to include the coastal areas between Point Arenas to Point Vicente in 
California. 

Leatherback sea turtles are omnivores, but feed principally on soft prey items such as 
jellyfish and planktonic chordates (e.g., salps) (Channel Islands National Marine Sanctuary, 
2000; MFS Globenet Corp./WorldCom Network Services, 2000).  Recent population estimates 
for the eastern Pacific leatherback sea turtles indicates that at least 178 individuals are known 
to occur off of California (Benson et. al., 2007).  This population is believed to be decreasing 
worldwide, however nesting trends on U.S. beaches have been increasing in recent years 
(NOAA, 2008b). 
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Mysteceti.  Three families of mysticetes, or baleen whales, occur in central California 
waters.  Species include the gray whale, the northern right whale, and members of the rorquals 
family (Balaenopteridae).  Rorquals are characterized as having pleated throats that expand to 
take in water, which is then strained outward through the baleen.  Rorqual species include:  blue 
whale, fin whale, humpback whale, and minke whales. 

Although individual species’ patterns vary, baleen whales range widely in the North 
Pacific, migrating between coldwater summer feeding grounds in the north and winter calving 
grounds in the south (Bonnell and Dailey, 1993).  The mating season generally begins during 
the southbound migration and lasts through winter.  Most baleen whales feed low on the food 
chain, eating a variety of swarming, shrimp-like invertebrates (Bonnell and Dailey, 1993).  Some 
species also take small schooling fishes and squid.  Larger rorquals, such as the blue whale, 
appear to feed mainly on large crustaceans, while the diets of smaller baleen whales tend to 
include more fish. 

Due to the offshore nature of the proposed Project, several species of the mysticetes, 
which occur offshore central California, have the potential to occur within the Project area, or to 
be encountered by vessels traveling to the Project area.  The species with the highest potential 
to be encountered during Project activities are detailed below: 

Gray whale.  The gray whale population breeds and calves in lagoons along the west 
coast of Baja California and in the Gulf of California in the winter (Rice and Wolman, 1971).  At 
the end of the season, the population begins an 8,000 km (5,000 mi) coastal migration to 
summer feeding grounds to the north.  Migrating gray whales generally travel within 3 km (1.86 
mi) of the shoreline over most of the route, unless crossing mouths of rivers and straits (Dohl et 
al., 1983).  The southward migration generally occurs from December through February and 
peaks in January.  The northward migration generally occurs from February through May in the 
study area; it peaks in March.  The most recent population estimates of eastern North Pacific 
gray whale indicated that approximately 18,017 individuals are known to occur (NOAA Fisheries, 
2011). .The gray whale population growth rate was about 3.3 percent per year between 1968 
and 1988 (NOAA, 1993), and following 3 years of review, was removed from the endangered 
species list on June 15, 1994. Gray whales were observed regularly from late summer through 
winter of 2010 during marine mammal monitoring events within or near Project area waters 
(Padre, 2011). 

Humpback whale.  The humpback whale is considered an endangered species, due to 
intensive historical commercial whaling.  Humpbacks are distributed worldwide and undertake 
extensive migration in parts of their range (Leatherwood et al., 1982; NOAA Fisheries, 1991a).  
The population in the Project area is referred to as the eastern Northern stock, which spends 
the winter/spring months in coastal Central America and Mexico for breeding and calving and 
migrate to the coast of California to southern British Columbia in summer/fall to feed (NOAA 
Fisheries, 2009).  The humpback whales are distributed mostly over shelf and slope habitats 
and are more frequently sighted off central California from March through November, with peaks 
in the summer and fall (NCCOS, 2007).  Migrants passing through central California appear to 
follow a more inshore path than blue or fin whales (Bonnell and Dailey, 1993).  The most recent 
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population estimates of humpback whale indicate that at least 1,878 individuals are known to 
occur off California, Oregon, and Washington (NOAA Fisheries, 2010).  This population 
estimate is anticipated to be increasing (NOAA Fisheries, 2011).  Humpback whales were 
observed on multiple occasions from late summer through winter of 2010 during marine 
mammal monitoring events within or near Project area waters (Padre, 2011) 

Blue whale.  The blue whale is considered a federally listed endangered species due to 
intensive historical commercial whaling.  Blue whales are distributed worldwide in circumpolar 
and temperate waters, and inhabit both coastal and pelagic environments (Leatherwood et al, 
1982; Reeves et al., 1998).  Like most baleen whales, they migrate between warmer waters 
used for breeding and calving in winter and high-latitude feeding grounds where food is plentiful 
in the summer.  The most recent estimates of blue whale indicate that at a minimum of 2,046 
individuals are known to occur off the U.S. west coast (NOAA Fisheries, 2011). 

Minke whale.  Minke whales are a coastal species that are widely distributed on the 
continental shelf throughout the eastern North Pacific (Green et al., 1989) and occur year-round 
off the coast of California.  This species favor shallow water and venture near shore more often 
than other baleen whales (Watson, 1981), and they seem to be curious about shipping and 
approach moving vessels.  The most recent estimates of minke whales indicate that at least 202 
individuals are known to occur off California, Oregon, and Washington and no long-term trend 
for the population has been identified at this time (NOAA Fisheries, 2011).  Two minke whales 
were observed from late summer through winter of 2010 during marine mammal monitoring 
events within or near Project area waters (Padre, 2011). 

Northern right whale.  The northern right whale is considered federally endangered due 
to intensive historical commercial whaling.  Like other baleen whales, right whales appear to 
migrate from high-latitude feeding grounds toward more temperate waters in the fall and winter, 
although the location of seasonal migration routes is unknown (Scarff, 1986).  The usual 
wintering ground of northern right whales extended from northern California to Washington, 
although sightings have been recorded as far south as Baja California and near the Hawaiian 
Islands (Scarff, 1986; Gendron et al., 1999).  Estimates of the regional population are not 
available; however, in 2002, 2 of the 13 individuals observed between 1999 and 2001 were “re-
observed” (NMFS, 2008a).  It is believed that the population is between 100 to 200 individuals 
(Braham, 1984).  Photographic recapture rate population estimates for this species remain low, 
with only 17 individuals being photographed (NOAA Fisheries, 2011).  No long-term population 
trends have been determined at this time (NOAA Fisheries, 2011).  

Fin whale.  The fin whale is considered a federally endangered species due to a severe 
worldwide population decline due to intensive commercial whaling.  The most recent estimates 
of the fin whale population indicate that at least 2,624 individuals are known to occur off 
California, Oregon, and Washington (NOAA Fisheries, 2011).  There is some evidence that 
recent increases in fin whale abundance have occurred in California waters (Barlow, 1994; 
Barlow and Gerodette 1996, NOAA 2005), but these have not been significant (Barlow et al., 
1997). 
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Sei whale.  The sei whale is considered a federally endangered species.  Sei whales 
were historically abundant off of the California coast and were the fourth most common whale 
taken by California coastal whalers in the 1950s-1960s but, due to intensive whaling, they are 
now considered “extraordinarily” rare (NOAA Fisheries, 2011; Allen et al., 2011).  The most 
recent estimates of the sei whale northern Pacific stock population indicate that at least 83 
individuals are known to occur off California, Oregon, and Washington (NOAA Fisheries, 2011).  
Sei whales occur throughout most temperate and subtropical oceans of the world.  The northern 
Pacific stock rarely ventures above 55o N or south of California (Allen et al., 2011).  Like most 
baleen whales, they migrate between warmer waters used for breeding and calving in winter 
and high-latitude feeding grounds where food is plentiful in the summer.  The northern Pacific 
stock ranges almost exclusively in pelagic waters and rarely ventures into coastal waters (Allen 
et al., 2011). 

Odontoceti.  Odontocetes, or toothed whales, which are commonly found in the central 
California waters, include:  the sperm whale, several species of dolphins, porpoises, and small 
whales, and at least six species of beaked whale.  With the exception of killer whales, which are 
the top predators in the ocean and feed on a wide variety of fishes, squid, pinnipeds, and 
cetaceans, odontocetes generally feed on schooling fishes and squid (Bonnell and Dailey, 
1993).  Major fish prey species include anchovy, mackerel, lanternfish, smelt, herring, and 
rockfishes.  Octopus and crustaceans are also eaten on occasion. 

Due to the offshore nature of the proposed Project, several of the odontocetes that exist 
within central California waters have the potential to occur within the Project area, or to be 
encountered by vessels traveling to the Project area.  The species with the highest potential to 
be encountered during Project activities are discussed below. 

Common Dolphins.  Common dolphins are found worldwide and are the most abundant 
cetaceans in California waters (Bonnell and Dailey, 1993).  Two recognized species of common 
dolphin are found in central California waters.  The long-beaked common dolphin (Delphinus 
capensis) is commonly found within about 90 km (55 mi) from the coastline.  Its relative 
abundance changes both seasonally and inter-annually, with the highest densities observed 
during warm water events (Heyning and Perrin, 1994).  A recent population estimate for this 
species is about 17,127 (NOAA Fisheries, 2011).  The more numerous short-beaked common 
dolphin (D. delphis) ranges from the coast to 550 km (340 mi) offshore.  The most recent 
estimates indicate the California-Washington population of this species to be 343,990 
individuals making it the most abundant cetacean off California (NOAA Fisheries, 2011).  
California common dolphins are very gregarious and are frequently encountered in herds of 
1,000 or more.  Because populations tend to vary with water temperature, no long-term 
population trends have been determined at this time (NOAA Fisheries, 2005). Common dolphins 
were observed regularly from late summer through winter of 2010 during marine mammal 
monitoring events within or near Project area waters (Padre, 2011). 
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Dall’s porpoise.  Dall’s porpoise is one of the most abundant small cetaceans in the 
North Pacific and are found in shelf, slope, and offshore waters throughout their range (Koski et 
al., 1998).  The Dall’s porpoise is found year-round throughout the Project area (NCCOS, 2007).  
Dall’s porpoise feeds mostly on Pacific hake (Merluccius productus), northern anchovy 
(Engraulis mordax), Pacific saury (Cololabis saira), juvenile rockfish (Sebastes spp), and 
cephalopods (NCCOS, 2007).  The most recent population estimates indicate that at least 
32,106 individuals are known to occur off California, Oregon, and Washington (NOAA Fisheries, 
2011).  The population trend for this species has not yet been determined (NOAA Fisheries, 
2011).  Ten Dall’s porpoises were observed from late summer through winter of 2010 during 
marine mammal monitoring events within Project area waters (Padre, 2011). 

Harbor porpoise.  Harbor porpoise are found in coastal and inland waters from Point 
Conception, California to Alaska and across to Kamchatka and Japan.  The harbor porpoise 
occurs year-round off of central California, mostly in the coastal ocean, and occasionally in 
bays, harbors and estuaries (NCCOS, 2007).  The most recent population estimates for the 
harbor porpoise Morro Bay stock indicate that at least 1,478 individuals are known to occur in 
California between Cambria and Point Conception (NOAA Fisheries, 2011).  The population 
trend is increasing for this species (NOAA Fisheries, 2011).  Harbor porpoises were observed 
regularly while transiting to the Project area from late summer through winter of 2010 (Padre, 
2011). 

Pacific coast white-sided dolphin.  Pacific coast white-sided dolphins primarily range 
along the coasts of California, Oregon, and Washington.  This species frequents deep water 
foraging areas, but may move into nearshore areas in search of prey.  Analysis of sighting 
patterns suggest that Pacific coast white-sided dolphins make north-south movements, 
occurring primarily off California in cold water months and moving northward to Oregon and 
Washington as waters warm in the late spring in summer (Leatherwood et al., 1994; Forney et 
al., 2000).  Pacific coast white-sided dolphin populations are not showing any long-term trend in 
terms of abundance, but have a current minimum population size of 21,406 off California, 
Oregon, and Washington (NOAA Fisheries, 2011). 

Risso’s dolphin.  Risso’s dolphins are present off central and southern California year-
round (Dohl et al., 1981, 1983; Bonnell and Dailey, 1993).  Risso’s dolphins are found off 
California during the colder water months and are extending their range northward as water 
temperatures increase (Leatherwood et al., 1980, 1982).  The most recent population estimates 
of Risso’s dolphin indicate that at least 4,913 individuals are known to occur off California, 
Oregon, and Washington (NOAA Fisheries, 2011).  No long-term population trends have been 
determined at this time.  Risso’s dolphins can be observed year-round within the Project area.  
Risso’s dolphins were observed regularly from late summer through winter of 2010 during 
marine mammal monitoring events within or near Project area waters (Padre, 2011). 

Bottlenose dolphin.  The bottlenose dolphin is probably more widely distributed than any 
other species of small cetacean in the eastern North Pacific (Leatherwood et al., 1982).  This 
species occurring off the coast of California has been tentatively separated into a coastal form 
and offshore form.  The coastal bottlenose dolphin is generally found within 1 km (0.6 mi) of 
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shore and often enters the surf zone, bays, inlets, and river mouths (Leatherwood et al., 1987).  
The California coastal population is estimated at 290 and appears to form small resident groups 
that range along the coastline, especially off Orange and San Diego counties (Weller and 
Defran, 1989; NOAA Fisheries, 2009). 

Offshore bottlenose dolphins are believed to have a more-or-less continuous distribution 
off the coast of California (Mangels and Gerrodette, 1994).  The current minimal population of 
bottlenose dolphins is estimate at a minimum population size of 684 individuals off California, 
Oregon, and Washington (NOAA Fisheries, 2011).  No long-term population trends have been 
determined at this time (NOAA Fisheries, 2009). 

Northern right whale dolphin.  The northern right whale dolphins are endemic to 
temperate waters of the North Pacific, where they range from the Mexican border to British 
Columbia (Leatherwood and Walker, 1979; Leatherwood et al., 1982).  They are primarily found 
over the shelf and slope in U.S. coastal waters and are known to make seasonal north-south 
movements (Forney et al., 2000).  Northern right whale dolphins are found primarily off 
California during colder-water months and shift northward into Oregon and Washington as water 
temperatures increase in late spring and summer (NCCOS, 2007).  The most recent population 
estimates indicate that at least 6,019 individuals are known to occur off California, Oregon, and 
Washington (NOAA Fisheries, 2011).  No long-term population trends have been determined at 
this time (NOAA Fisheries, 2009). Ten northern right whale dolphins were observed from late 
summer through winter of 2010 during marine mammal monitoring events within Project area 
waters (Padre, 2011). 

Killer Whale. The killer whale occurring off the coast of California has been tentatively 
separated into a transient form, offshore form, and resident form.  The transient form is the most 
frequently sighted type of killer whale off central California, and have been observed from 
southern California to Alaska. This form feeds on marine mammals, travel in small groups often 
over long ranges, and are usually vocally quiet (NCCOS, 2007).  The species occurs year-round 
in the Project area and killer whales are most frequently sighted from January-May and from 
September through November.  The most recent population estimate for the Eastern North 
Pacific Southern Transient stock of killer whales is unknown (NOAA Fisheries, 2009).  The 
resident form is primarily sighted in inland marine waters, and preys mostly on fish, lives in close 
family groups, and is quite vocal (NOAA Fisheries, 2009).  The most recent population estimate 
for the Eastern North Pacific Southern Resident stock of killer whales is 85 animals (NOAA 
Fisheries, 2011). Two killer whales were observed regularly from late summer through winter of 
2010 during marine mammal monitoring events within Project area waters (Padre, 2011). 

Offshore killer whales have more recently also been identified off the coasts of 
California, Oregon, and rarely, in Southeast Alaska (Carretta et al., 2008).  They apparently do 
not mix with the transient and resident killer whale stocks found in these regions.  The offshore 
type is more vocal, travels in larger groups, and feeds on fishes and squid (NOAA Fisheries, 
2009).  The total number of known offshore killer whales along the U.S. West Coast, Canada, 
and Alaska is 354 animals (NOAA Fisheries, 2011). 
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Sperm whale.  The sperm whale is considered a federally endangered species due to 
historically intensive commercial whaling.  The sperm whale is the largest of the toothed whales 
and is found predominately in temperate to tropical waters in both hemispheres (Gosho et al., 
1984).  Off California, sperm whales are present in offshore waters year-round, with peak 
abundance from April to mid-June and again from late August through November (Dohl et al., 
1981, 1983; Gosho et al., 1984; Barlow et al., 1997).  Sperm whales are primarily pelagic 
species and are generally found in waters with depths of greater than 1,000 m (3,300 ft) 
(Watkins, 1977), although their distribution does suggest a preference for continental shelf 
margins and seamounts, areas of upwelling and high productivity (Leatherwood and Reeves, 
1986).  The majority of sightings by Dohl et al. (1983) in their 3-year study off central and 
northern California were in waters deeper than 1,800 m (5,900 ft), but near the continental shelf 
edge.  The most recent estimates indicate that at least 751 individuals are known to occur off 
California, Oregon, and Washington (NOAA Fisheries, 2011).  No long-term population trends 
have been determined at this time (NOAA Fisheries, 2009). 

Pinnipeds (Seals and Sea lions).  Five of the 36 species of pinnipeds known worldwide 
occur off the central California coast.  Three are eared seals (family Otariidae) and two are 
earless seals (family Phocidae).  The species most likely to be encountered within the vicinity of 
the Project area include the California sea lion, northern fur seal, northern elephant seal, and 
the Pacific harbor seal (Bonnell et al., 1980). 

Otariidae.  The species of Otariidae (eared seals) that may occur central California 
waters are:  northern fur seal, Steller sea lion, and California sea lion, although the most 
common within the Project area is the California sea lion. 

California sea lion.  The California sea lion is the most abundant pinnipeds in California, 
representing 50 to 93 percent of all pinnipeds on land and about 95 percent of all sightings at 
sea (Bonnell et al., 1981; Bonnell and Ford, 1987).  This species ranges from Baja, Mexico to 
British Columbia.  The breeding time period and rookery occupancy is mid-May to late July 
(NCCOS, 2007).  In central California, a small number of pups are born on Año Nuevo Island, 
Southeast Farallon Island, and occasionally at a few other locations (see Figure 1-1); otherwise 
the central California population is composed of non-breeders.  The most recent population 
estimates for the California sea lion stock indicate that at least 141,842 individuals are known to 
occur in California (NOAA Fisheries, 2009).  This number believed to be increasing despite 
recent drops in pups due to El Nino events occurring in the late 1990’s NOAA Fisheries, 2000).  
California sea lions were observed regularly from late summer through winter of 2010 during 
marine mammal monitoring events within or near Project area waters (Padre, 2011). 
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Figure 1-1.  California Sea Lion Haulouts and Rookeries 
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Northern fur seal.  The northern fur seal is the most abundant otarid in the Northern 
Hemisphere.  Most of the population is associated with rookery islands in the Bering Sea and 
the Sea of Okhotsk, although a small population of northern fur seals has existed on San Miguel 
Island since the late 1950s or early 1960s (NOAA Fisheries, 2003).  Adult females and juveniles 
migrate to the central California area (and Oregon and Washington) from rookeries on San 
Miguel Island in the SCB (Carretta et al., 2006), and from the Pribilof Islands in the Bering Sea 
(NCCOS, 2007).  During winter migration, female northern fur seals from the Pribilof Islands 
travel south and arrive off California beginning in February and remain until about August before 
returning to breeding grounds (NCCOS, 2007).  The most recent population estimates for the 
San Miguel Island stock indicate that at least 5,395 individuals are known to occur (NOAA 
Fisheries, 2011).  No long-term population trends have been determined at this time (NOAA 
Fisheries, 2011).  

Steller sea lion.  The Steller or northern sea lion is a federally threatened species.  The 
Steller sea lion ranges along the North Pacific rim, from northern Japan, the Aleutian Islands, 
Gulf of Alaska, and south to Año Nuevo Island, California (the southernmost rookery).  Three 
haul-out sites have been documented within the Project are (see Figure 1-2).  The most recent 
population estimate for the Steller sea lion indicate that at least 2,479 individuals were observed 
in California (NOAA Fisheries, 2010).  This population is stable or slightly increasing (NOAA 
Fisheries, 2010). 

Phocidae.  Two species of Phocidae (earless seals) that are known to occur within the 
central California coast include the northern elephant seal and Pacific harbor seal. 

Northern elephant seal.  Northern elephant seals breed along the coast from Baja 
California north to Point Reyes.  Northern elephant seals typically haul-out on land only to breed 
and molt and then disperse widely at sea.  The breeding period is generally December through 
March and molting occurs April through August; females and juveniles molt in April to May; sub-
adult males molt in May to June, and adult males molt in July to August; and yearlings molt in 
the fall.  The northern elephant seal is present year-round off of central California; however, 
because they spend very little time at the surface and forage mostly offshore, at-sea sightings 
are rare (NCCOS, 2007).  The most recent population estimates for the California breeding 
stock of Northern elephant seals indicated that at least 74,913 individuals are known to occur in 
California and the stock appears to increasing (NOAA Fisheries, 2009).  No haul-out or rookeries 
have been documented within the Project area (NOAA Fisheries, 2011b). 
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Figure 1-2.  Steller Sea Lion Haulouts and Rookeries 
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Pacific harbor seal.  Pacific harbor seals range from Mexico to the Aleutian Islands 
(Hoover, 1988).  Pacific harbor seals are year-round residents of central California.  Unlike most 
pinnipeds occurring off California, Pacific harbor seal maintain haul-out sites on the mainland on 
which they pup and breed (Rambo, 1978; Bowland, 1978) (See Figure 1-3).  Haulouts may be 
occupied at any time of year for resting.  Pupping generally occurs March-June and molting 
occurs May-July (NCCOS, 2007).  The most recent minimum population estimates of the 
California stock indicate that at least 31,600 individuals are known to occur (NOAA Fisheries, 
2009).  After increases in the 1990s, this population is believed to be stable and possibly 
reaching its carrying capacity (NOAA Fisheries, 2009).  Harbor seals were observed regularly 
from late summer through winter of 2010 during marine mammal monitoring events within or 
near Project area waters (Padre, 2011).   

Fissipedia.  One fissiped species is known to occur within the central California coast, 
the Southern sea otter. 

Southern sea otter.  The southern sea otter is listed as “threatened” under the FESA, 
“depleted” under the Marine Mammal Protection Act (MMPA), and “fully protected” under 
California Fish and Game Code.  Historically, the range of sea otters extended from the 
northern islands of the Japanese Archipelago northeast along Alaska and southward along 
North America to Baja California (Dailey et al., 1993).  The sea otter was nearly extirpated by 
the fur trade during the 18th and 19th centuries.  The current range extends from about Half 
Moon Bay in the north to Santa Barbara in the south.  A small, satellite population of 
approximately 20-40 animals also occurs at San Nicolas Island, the result of a translocation 
effort in the late 1980’s (NCCOS, 2007).  This species prefers rocky shoreline with water depth 
of less than 5 m (50 ft), which support kelp beds where they feed on benthic macroinvertebrates 
including clams, crabs, abalone, sea urchins, and sea stars.  Recent minimum population 
estimates for southern sea otters in California indicate that at least 2,711 individuals are known 
to occur and no long-term trends in this population are available (USGS, 2010).  Within the 
Project area, an increase in population could be seen during the period when most breeding 
occurs (June - November) (NCCOS, 2007).  Southern sea otters were observed regularly from 
late summer through winter of 2010 during marine mammal monitoring events within or near 
Project area waters (Padre, 2011).   
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Figure 1-3.  Harbor Seal Haulouts and Rookeries 
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ATTACHMENT 2 
POTENTIAL EFFECTS OF AIRGUN SOUNDS ON MARINE WILDLIFE 

SUMMARY OF POTENTIAL EFFECTS OF AIRGUN SOUNDS  

The effects of noise on marine mammals are highly variable, and can be categorized as 
follows (based on Richardson et al. 1995):  

1. The noise may be too weak to be heard at the location of the animal, i.e., lower than 
the prevailing ambient noise level, the hearing threshold of the animal at relevant 
frequencies, or both; 

2. The noise may be audible but not strong enough to elicit any overt behavioral 
response, i.e., the mammal may tolerate it, either without or with some deleterious 
effects (e.g., masking, stress); 

3. The noise may elicit behavioral reactions of variable conspicuousness and variable 
relevance to the well being of the animal; these can range from subtle effects on 
respiration or other behaviors (detectable only by statistical analysis) to active 
avoidance reactions; 

4. Upon repeated exposure, animals may exhibit diminishing responsiveness 
(habituation), or disturbance effects may persist; the latter is most likely with sounds 
that are highly variable in characteristics, unpredictable in occurrence, and 
associated with situations that the animal perceives as a threat; 

5. Any man-made noise that is strong enough to be heard has the potential to reduce 
(mask) the ability of marine mammals to hear natural sounds at similar frequencies, 
including calls from conspecifics, echolocation sounds of odontocetes, and 
environmental sounds such as surf noise or (at high latitudes) ice noise.  However, 
intermittent airgun or sonar pulses could cause strong masking for only a small 
proportion of the time, given the short duration of these pulses relative to the inter-
pulse intervals; 

6. Very strong sounds have the potential to cause temporary or permanent reduction in 
hearing sensitivity, or other physical or physiological effects.  Received sound levels 
must far exceed the animal’s hearing threshold for any temporary threshold shift to 
occur.  Received levels must be even higher for a risk of permanent hearing 
impairment.  

The effects of sounds from airgun pulses might include one or more of the following: 
tolerance, masking of natural sounds, behavioral disturbance, and temporary or permanent 
hearing impairment or non-auditory effects.  It is unlikely that there would be any cases of 
temporary or especially permanent hearing impairment, or non-auditory physical effects.  The 
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following subsections review relevant information concerning the potential effects of airguns on 
marine mammals. 

TOLERANCE  

Numerous studies have shown that marine mammals at distances more than a few 
kilometers from operating seismic vessels often show no apparent response (Richardson et al. 
1995; Southall et al. 2007). That is often true even in cases when the pulsed sounds must be 
readily audible to the animals based on measured received levels and the hearing sensitivity of 
that mammal group.  Although various baleen whales and toothed whales, and (less frequently) 
pinnipeds have been shown to react behaviorally to airgun pulses under some conditions, at 
other times mammals of all three types have shown no overt reactions.  The relative 
responsiveness of baleen and toothed whales are quite variable.    

MASKING  

Masking is the obscuring of sounds of interest by interfering sounds, generally at similar 
frequencies (Richardson et al. 1995). Introduced underwater sound will, through masking, 
reduce the effective communication distance of a marine mammal species if the frequency of 
the source is close to that used as a signal by the marine mammal, and if the anthropogenic 
sound is present for a significant fraction of the time (Richardson et al. 1995). If little or no 
overlap occurs between the introduced sound and the frequencies used by the species, 
communication is not expected to be disrupted. Also, if the introduced sound is present only 
infrequently, communication is not expected to be disrupted much if at all. The duty cycle of 
airguns is low; the airgun sounds are pulsed, with relatively quiet periods between pulses. In 
most situations, strong airgun sound will only be received for a brief period (<1 s), with these 
sound pulses being separated by at least several seconds of relative silence, and longer in the 
case of deep-penetration surveys or refraction surveys. A single airgun array might cause 
appreciable masking in only one situation: When propagation conditions are such that sound 
from each airgun pulse reverberates strongly and persists for much or all of the interval up to 
the next airgun pulse (e.g., Simard et al. 2005; Clark and Gagnon 2006).  

Although masking effects of pulsed sounds on marine mammal calls and other natural 
sounds are expected to be limited, there are few specific studies on this. Some whales continue 
calling in the presence of seismic pulses and whale calls often can be heard between the 
seismic pulses (e.g., Richardson et al. 1986; McDonald et al. 1995; Greene et al. 1999a,b; 
Nieukirk et al. 2004; Smultea et al. 2004; Holst et al. 2005a,b, 2006; Dunn and Hernandez 
2009).  However, there is one recent summary report indicating that calling fin whales 
distributed in one part of the North Atlantic went silent for an extended period starting soon after 
the onset of a seismic survey in the area (Clark and Gagnon 2006).  It is not clear from that 
preliminary paper whether the whales ceased calling because of masking, or whether this was a 
behavioral response not directly involving masking.  Also, bowhead whales in the Beaufort Sea 
may decrease their call rates in response to seismic operations, although movement out of the 
area might also have contributed to the lower call detection rate (Blackwell et al. 2009a,b).  In 
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contrast, Di Iorio and Clark (2009) found evidence of increased calling by blue whales during 
operations by a lower-energy seismic source (i.e. a sparker). 

Among the odontocetes, there has been one report that sperm whales ceased calling 
when exposed to pulses from a very distant seismic ship (Bowles et al. 1994). However, more 
recent studies of sperm whales found that they continued calling in the presence of seismic 
pulses (Madsen et al. 2002; Tyack et al. 2003; Smultea et al. 2004; Holst et al. 2006; Jochens et 
al. 2008).  Madsen et al. (2006) noted that airgun sounds would not be expected to mask sperm 
whale calls given the intermittent nature of airgun pulses.  Dolphins and porpoises are also 
commonly heard calling while airguns are operating (Gordon et al. 2004; Smultea et al. 2004; 
Holst et al. 2005a,b; Potter et al. 2007).  Masking effects of seismic pulses are expected to be 
negligible in the case of the smaller odontocetes, given the intermittent nature of seismic pulses 
plus the fact that frequently used sounds are predominantly at much higher frequencies than are 
the dominant components of airgun sounds. 

Pinnipeds, and fissipeds have best hearing sensitivity and/or produce most of their 
sounds at frequencies higher than the dominant components of airgun sound, but there is some 
overlap in the frequencies of the airgun pulses and the calls.  However, the intermittent nature of 
airgun pulses presumably reduces the potential for masking. 

Marine mammals are thought to be able to compensate for masking by adjusting their 
acoustic behavior such as shifting call frequencies, increasing call volume and vocalization 
rates.  For example, blue whales are found to increase call rates when exposed to seismic 
survey noise in the St. Lawrence Estuary (Di Iorio and Clark 2009).  The North Atlantic right 
whales (Eubalaena glacialis) exposed to high shipping noise increase call frequency (Parks et 
al. 2007), while some humpback whales respond to low-frequency active sonar playbacks by 
increasing song length (Miller el al. 2000).  

BEHAVIORAL DISTURBANCE  

Marine mammals may behaviorally react to sound when exposed to anthropogenic 
noise.  These behavioral reactions are often shown as: changing durations of surfacing and 
dives, number of blows per surfacing, or moving direction and/or speed; reduced/increased 
vocal activities; changing/cessation of certain behavioral activities (such as socializing or 
feeding); visible startle response or aggressive behavior (such as tail/fluke slapping or jaw 
clapping); avoidance of areas where noise sources are located, and/or flight responses (e.g., 
pinnipeds flushing into water from haulouts or rookeries).  

The biological significance of many of these behavioral disturbances is difficult to predict, 
especially if the detected disturbances appear minor.  However, the consequences of behavioral 
modification could be expected to be biologically significant if the change affects growth, 
survival, and reproduction.  Some of these significant behavioral modifications include:   

• Drastic change in diving/surfacing patterns (such as those thought to be causing 
beaked whale stranding due to exposure to military mid-frequency tactical sonar);   
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• Habitat abandonment due to loss of desirable acoustic environment; and   

• Cease feeding or social interaction.  

The onset of behavioral disturbance from anthropogenic noise depends on both external 
factors (characteristics of noise sources and their paths) and the receiving animals (hearing, 
motivation, experience, demography) and is also difficult to predict (Richardson et al. 1995; 
Southall et al. 2007).   

Currently NMFS uses 160 dB re 1 μPa at received level for impulse noises (such as 
airgun pulses) as the onset of behavioral harassment for marine mammals that are under 
NMFS’ jurisdiction.  

Mysticete:  Baleen whales generally tend to avoid operating airguns, but avoidance radii 
are quite variable among species, locations, whale activities, oceanographic conditions affecting 
sound propagation, etc. (Richardson et al. 1995; Gordon et al. 2004).  Whales are often 
reported to show no overt reactions to pulses from large arrays of airguns at distances beyond a 
few kilometers, even though the airgun pulses remain well above ambient noise levels out to 
much longer distances.  However, baleen whales exposed to strong sound pulses from airguns 
often react by deviating from their normal migration route and/or interrupting their feeding and 
moving away.  Although baleen whales often show only slight overt responses to operating 
airgun arrays (Stone and Tasker 2006; Weir 2008), strong avoidance reactions by several 
species of mysticetes have been observed at ranges up to six to 8 km and occasionally as far 
as 20 to 30 km from the source vessel when large arrays of airguns were used.  Experiments 
with a single airgun showed that bowhead, humpback and gray whales all showed localized 
avoidance to a single airgun of 20 to 100 in3 (Malme et al. 1984, 1985, 1986, 1988; Richardson 
et al. 1986; McCauley et al. 1998, 2000a, 2000b).   

Studies of gray and humpback whales have shown that seismic pulses with received 
levels of 160 to 170 dB re 1 μPa (rms) seem to cause obvious avoidance behavior in a 
substantial portion of the animals exposed (Richardson et al. 1995).  In many areas, seismic 
pulses from large arrays of airguns diminish to those levels at distances ranging from four to 15 
km from the source.  More recent studies have shown that some species of baleen whales 
(humpbacks in particular) at times show strong avoidance at received levels lower than 160 to 
170 dB re 1 μPa (rms).  In the cases of migrating gray whales, the observed changes in 
behavior appeared to be of little or no biological consequence to the animals.  The migrating 
whales simply avoided the sound source by displacing their migration route to varying degrees, 
but within the natural boundaries of the migration corridors (Malme et al. 1984; Malme and Miles 
1985; Richardson et al. 1995).  In cases where there is no conspicuous avoidance or change in 
activity upon exposure to sound pulses from distant seismic operations, there are sometimes 
subtle changes in behavior (e.g., surfacing, respiration, dive cycles) that are only evident 
through detailed statistical analysis (e.g., Richardson et al. 1986; Gailey et al. 2007).  

Responses of humpback whales to seismic surveys have been studied during migration, 
on summer feeding grounds, and on Angolan winter breeding grounds; there has also been 
discussion of effects on the Brazilian wintering grounds.  McCauley et al. (1998, 2000a) studied 
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the responses of humpback whales off Western Australia to a full-scale seismic survey with a 

16-airgun, 2678-in
3
 array, and to a single 20-in

3 airgun with source level 227 dB re 1 µPa·mp–p. 
McCauley et al. (1998) documented that avoidance reactions began at 5–8 km from the array, 
and that those reactions kept most pods approximately3–4 km from the operating seismic boat.  
McCauley et al. (2000a) noted localized displacement during migration of 4–5 km by traveling 
pods and 7–12 km by more sensitive resting pods of cow-calf pairs.  Avoidance distances with 
respect to the single airgun were smaller but consistent with the results from the full array in 
terms of the received sound levels.  The mean received level for initial avoidance of an 
approaching airgun was 140 dB re 1 µParms for humpback pods containing females, and at the 
mean closest point of approach (CPA) distance the received level was 143 dB re 1 µParms. The 
initial avoidance response generally occurred at distances of 5–8 km from the airgun array and 
2 km from the single airgun. However, some individual humpback whales, especially males, 
approached within distances of 100– 400 m, where the maximum received level was 179 dB re 
1 µParms.  

Data collected by observers during several seismic surveys in the Northwest Atlantic 
showed that sighting rates of humpback whales were significantly greater during non-seismic 
periods compared with periods when a full array was operating (Moulton and Holst 2010).  In 
addition, humpback whales were more likely to swim away and less likely to swim towards a 
vessel during seismic vs. non-seismic periods (Moulton and Holst 2010).  

Humpback whales on their summer feeding grounds in southeast Alaska did not exhibit 

persistent avoidance when exposed to seismic pulses from a 1.64-L (100-in
3
) airgun (Malme et 

al. 1985). Some humpbacks seemed “startled” at received levels of 150–169 dB re 1 μPa. 
Malme et al. (1985) concluded that there was no clear evidence of avoidance, despite the 
possibility of subtle effects, at received levels up to 172 re 1 μPa on an approximate rms basis.  
However, Moulton and Holst (2010) reported that humpback whales monitored during seismic 
surveys in the Northwest Atlantic had lower sighting rates and were most often seen swimming 
away from the vessel during seismic periods compared with periods when airguns were silent.  

It has been suggested that South Atlantic humpback whales wintering off Brazil may be 
displaced or even strand upon exposure to seismic surveys (Engel et al. 2004).  The evidence 
for this was circumstantial and subject to alternative explanations (IAGC 2004).  Also, the 
evidence was not consistent with subsequent results from the same area of Brazil (Parente et 
al. 2006), or with direct studies of humpbacks exposed to seismic surveys in other areas and 
seasons.  After allowance for data from subsequent years, there was “no observable direct 
correlation” between strandings and seismic surveys (IWC 2007:236).  

Reactions of migrating and feeding (but not wintering) gray whales to seismic surveys 
have been studied. Malme et al. (1986, 1988) studied the responses of feeding eastern Pacific 

gray whales to pulses from a single 100-in
3
 airgun off St. Lawrence Island in the northern Bering 

Sea.  They estimated, based on small sample sizes, that 50% of feeding gray whales stopped 
feeding at an average received pressure level of 173 dB re 1 μPa on an (approximate) rms 
basis, and that 10% of feeding whales interrupted feeding at received levels of 163 dB re 1 
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μParms.  Those findings were generally consistent with the results of experiments conducted on 
larger numbers of gray whales that were migrating along the California coast (Malme et al. 
1984; Malme and Miles 1985), and western Pacific gray whales feeding off Sakhalin Island, 
Russia (Würsig et al. 1999; Gailey et al. 2007; Johnson et al. 2007; Yazvenko et al. 2007a,b), 
along with data on gray whales off British Columbia, Canada (Bain and Williams 2006).  

Various species of Balaenoptera (blue, sei, fin, and minke whales) have occasionally 
been seen in areas ensonified by airgun pulses (Stone 2003; MacLean and Haley 2004; Stone 
and Tasker 2006), and calls from blue and fin whales have been localized in areas with airgun 
operations (e.g., McDonald et al. 1995; Dunn and Hernandez 2009; Castellote et al. 2010).  
Sightings by observers on seismic vessels off the United Kingdom from 1997 to 2000 suggest 
that, during times of good sightability, sighting rates for mysticetes (mainly fin and sei whales) 
were similar when large arrays of airguns were shooting vs. silent (Stone 2003; Stone and 
Tasker 2006).  However, these whales tended to exhibit localized avoidance, remaining 
significantly further (on average) from the airgun array during seismic operations compared with 
non-seismic periods (Stone and Tasker 2006). Castellote et al. (2010) reported that singing fin 
whales in the Mediterranean moved away from an operating airgun array.  

Ship-based monitoring studies of baleen whales (including blue, fin, sei, minke, and 
humpback whales) in the Northwest Atlantic found that overall, this group had lower sighting 
rates during seismic vs. non-seismic periods (Moulton and Holst 2010).  Baleen whales as a 
group were also seen significantly farther from the vessel during seismic compared with non-
seismic periods, and they were more often seen to be swimming away from the operating 
seismic vessel (Moulton and Holst 2010).  Blue and minke whales were initially sighted 
significantly farther from the vessel during seismic operations compared to non-seismic periods; 
the same trend was observed for fin whales (Moulton and Holst 2010).  Minke whales were 
most often observed to be swimming away from the vessel when seismic operations were 
underway (Moulton and Holst 2010).  

Data on short-term reactions by cetaceans to impulsive noises are not necessarily 
indicative of long-term or biologically significant effects.  It is not known whether impulsive 
sounds affect reproductive rate or distribution and habitat use in subsequent days or years.  
However, gray whales have continued to migrate annually along the west coast of North 
America despite intermittent seismic exploration (and much ship traffic) in that area for decades 
(Appendix A in Malme et al. 1984; Richardson et al. 1995), and there has been a substantial 
increase in the population over recent decades (Allen and Angliss 2010).  The western Pacific 
gray whale population did not seem affected by a seismic survey in its feeding ground during a 
prior year (Johnson et al. 2007).  The history of coexistence between seismic surveys and 
baleen whales suggests that brief exposures to sound pulses from any single seismic survey 
are unlikely to result in prolonged effects.   

Odontocete:   Little systematic information is available about reactions of toothed whales 
to noise pulses.  Few studies similar to the more extensive baleen whale/seismic pulse work 
summarized above have been reported for toothed whales.  Seismic operators and marine 
mammal observers on seismic vessels regularly see dolphins and other small toothed whales 
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near operating airgun arrays, but in general there is a tendency for most delphinids to show 
some avoidance of operating seismic vessels (Lamont-Doherty Earth Observatory [L-DEO], 
2011).  Some dolphins seem to be attracted to the seismic vessel and floats, and some ride the 
bow wave of the seismic vessel even when large arrays of airguns are firing (e.g., Moulton and 
Miller 2005).  Nonetheless, small toothed whales more often tend to head away, or to maintain a 
somewhat greater distance from the vessel, when a large array of airguns is operating than 
when it is silent (e.g., Stone and Tasker, 2006; Weir 2008; Barry et al., 2010; Moulton and Holst, 
2010).   

For delphinids the available data suggest that a ≥170 dB re 1 μPa (rms) disturbance 
criterion (rather than ≥160 dB) would be appropriate.  With a medium-to-large airgun array, 
received levels typically diminish to 170 dB within one to 4 km, whereas levels typically remain 
above 160 dB out to four to 15 km (e.g., Tolstoy et al., 2009).  Reaction distances for delphinids 
are more consistent with the typical 170 dB re 1 μParms distances (L=DEO, 2011).  

Results for porpoises depend on species.  The limited available data suggest that harbor 
porpoises show stronger avoidance of seismic operations than do Dall’s porpoises (Stone, 
2003; MacLean and Koski, 2005; Bain and Williams, 2006; Stone and Tasker, 2006).  Dall’s 
porpoises seem relatively tolerant of airgun operations (MacLean and Koski, 2005; Bain and 
Williams, 2006), although they too have been observed to avoid large arrays of operating 
airguns (Calambokidis and Osmek, 1998; Bain and Williams, 2006).  This apparent difference in 
responsiveness of these two porpoise species is consistent with their relative responsiveness to 
boat traffic and some other acoustic sources (Richardson et al., 1995; Southall et al., 2007).  

Most studies of sperm whales exposed to airgun sounds indicate that the sperm whale 
shows considerable tolerance of airgun pulses (e.g., Stone, 2003; Moulton et al., 2005, 2006a; 
Stone and Tasker, 2006; Weir, 2008).  In most cases the whales do not show strong avoidance, 
and they continue to call.  However, controlled exposure experiments in the Gulf of Mexico 
indicate that foraging behavior was altered upon exposure to airgun sound (Jochens et al., 
2008; Miller et al., 2009; Tyack, 2009).  

Overall, odontocete reactions to large arrays of airguns are variable and, at least for 
delphinids and some porpoises, seem to be confined to a smaller radius than has been 
observed for some mysticetes.  However, other data suggest that some odontocete species, 
including harbor porpoises, may be more responsive than might be expected given their poor 
low-frequency hearing.  Reactions at longer distances may be particularly likely when sound 
propagation conditions are conducive to transmission of the higher-frequency components of 
airgun sound to the animals’ location (DeRuiter et al., 2006; Goold and Coates, 2006; Tyack et 
al,. 2006; Potter et al., 2007).  

Pinnipeds:  Pinnipeds are not likely to show a strong avoidance reaction to the airgun 
array.  Visual monitoring from seismic vessels has shown only slight (if any) avoidance of 
airguns by pinnipeds, and only slight (if any) changes in behavior (L-DEO, 2011).  In the 
Beaufort Sea, some ringed seals avoided an area of 100 m to a few hundred meters around 
seismic vessels, but many seals remained within 100-200 m of the trackline as the operating 
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airgun array passed (Harris et al., 2001; Moulton and Lawson 2002; Miller et al. 2005).  In Puget 
Sound, sighting distances for harbor seals and California sea lions tended to be larger when 
airguns were operating (Calambokidis and Osmek, 1998).   

During seismic exploration off Nova Scotia, gray seals exposed to noise from airguns 
and linear explosive charges reportedly did not react strongly (J. Parsons in Greene et al. 1985).  
An airgun caused an initial startle reaction among South African fur seals but was ineffective in 
scaring them away from fishing gear.  Pinnipeds in both water and air sometimes tolerate strong 
noise pulses from non-explosive and explosive scaring devices, especially if attracted to the 
area for feeding or reproduction (Mate and Harvey 1987; Reeves et al. 1996).  Thus, pinnipeds 
are expected to be rather tolerant of, or to habituate to, repeated underwater sounds from 
distant seismic sources, at least when the animals are strongly attracted to the area.  

Fissipeds:  Riedman (1983, 1984) observed the behavior of sea otters along the 
California coast during both single, 100 in3 airgun pulses, and pulses from a 4,089 in3 airgun 
array.  No disturbance reactions were evident when the airgun array was as close as 0.9 km, 
and the sea otters did not respond noticeably to the single airgun.  The results suggest that sea 
otters are less responsive to marine seismic pulse than are baleen whales.  Also, sea otters 
spend a great deal of time at the surface feeding and grooming.  While at the surface, the 
potential noise exposure would be much reduced by the pressure release effect at the surface. 

HEARING IMPAIRMENT AND OTHER PHYSICAL EFFECTS  

Exposure to very strong sounds could affect marine mammals in a number of ways.  
These include temporary threshold shift (TTS), which is a short-term hearing impairment; 
permanent threshold shift (PTS), which is a permanent hearing loss.  Non-auditory physical 
effects may also occur in marine mammals exposed to strong underwater pulsed sound.  
Possible types of non-auditory physiological effects or injuries that might (in theory) occur in 
mammals close to a strong sound source include stress, neurological effects, bubble formation, 
and other types of organ or tissue damage.  It is possible that some marine mammal species 
(i.e., beaked whales) may be especially susceptible to injury and/or stranding when exposed to 
strong transient sounds.  

However, as discussed below, there is no definitive evidence that any of these effects 
occur even for marine mammals in close proximity to large arrays of airguns.  It is unlikely that 
any effects of these types would occur during the present project given the brief duration of 
exposure of any given mammal and the planned monitoring and mitigation measures.  The 
following subsections discuss in somewhat more detail the possibilities of TTS, PTS, and non-
auditory physical effects.  

TEMPORARY THRESHOLD SHIFT 

TTS is the mildest form of hearing impairment that can occur during exposure to a strong 
sound (Kryter, 1985).  While experiencing TTS, the hearing threshold rises and a sound must be 
stronger in order to be heard.  It is a temporary phenomenon, and (especially when mild) is not 
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considered to represent physical damage or “injury” (Southall et al., 2007).  Rather, the onset of 
TTS is an indicator that, if the animal is exposed to higher levels of that sound, physical damage 
is ultimately a possibility. 

The magnitude of TTS depends on the level and duration of noise exposure, and to 
some degree on frequency, among other considerations (Kryter, 1985; Richardson et al., 1995; 
Southall et al., 2007). For sound exposures at or somewhat above the TTS threshold, hearing 
sensitivity recovers rapidly after exposure to the noise ends.  In terrestrial mammals, TTS can 
last from minutes or hours to (in cases of strong TTS) days.  Only a few data have been 
obtained on sound levels and durations necessary to elicit mild TTS in marine mammals (none 
in mysticetes), and none of the published data concern TTS elicited by exposure to multiple 
pulses of sound during operational seismic surveys (Southall et al. 2007). 

For toothed whales, experiments on a bottlenose dolphin (Tursiops truncates) and 
beluga whale showed that exposure to a single watergun impulse at a received level of 207 kPa 
(or 30 psi) peak-to-peak (p-p), which is equivalent to 228 dB re 1 μPa (p-p), resulted in a 7 and 
6 dB TTS in the beluga whale at 0.4 and 30 kHz, respectively.  Thresholds returned to within 2 
dB of the pre-exposure level within 4 minutes of the exposure (Finneran et al. 2002).  

Finneran et al. (2005) further examined the effects of tone duration on TTS in bottlenose 
dolphins. Bottlenose dolphins were exposed to 3 kHz tones (non-impulsive) for periods of 1, 2, 4 
or 8 seconds (s), with hearing tested at 4.5 kHz.  For 1-s exposures, TTS occurred with SELs of 
197 dB, and for exposures >1 s, SEL >195 dB resulted in TTS (SEL is equivalent to energy flux, 
in dB re 1 μPa2-s). At an SEL of 195 dB, the mean TTS (4 min after exposure) was 2.8 dB. 
Finneran et al. (2005) suggested that an SEL of 195 dB is the likely threshold for the onset of 
TTS in dolphins and belugas exposed to tones of durations 1 to 8 s (i.e., TTS onset occurs at a 
near-constant SEL, independent of exposure duration).  That implies that, at least for non-
impulsive tones, a doubling of exposure time results in a 3 dB lower TTS threshold.  

However, the assumption that, in marine mammals, the occurrence and magnitude of 
TTS is a function of cumulative acoustic energy (SEL) is probably an oversimplification.  Kastak 
et al. (2005) reported preliminary evidence from pinnipeds that, for prolonged non-impulse 
noise, higher SELs were required to elicit a given TTS if exposure duration was short than if it 
was longer, i.e., the results were not fully consistent with an equal-energy model to predict TTS 
onset.  Mooney et al. (2009a) showed this in a bottlenose dolphin exposed to octave-band non-
impulse noise ranging from 4 to 8 kHz at SPLs of 130 to 178 dB re 1 μPa for periods of 1.88 to 
30 minutes (min).  Higher SELs were required to induce a given TTS if exposure duration was 
short than if it was longer.  Exposure of the aforementioned bottlenose dolphin to a sequence of 
brief sonar signals showed that, with those brief (but non-impulse) sounds, the received energy 
(SEL) necessary to elicit TTS was higher than was the case with exposure to the more 
prolonged octave-band noise (Mooney et al. 2009b).  Those authors concluded that, when using 
(non-impulse) acoustic signals of duration approximately 0.5 s, SEL must be at least 210 – 214 
dB re 1 μPa2-s to induce TTS in the bottlenose dolphin. Most recent studies conducted by 
Finneran et al. also support the notion that exposure duration has a more significant influence 
compared to SPL as the duration increases, and that TTS growth data are better represented as 
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functions of SPL and duration rather than SEL alone (Finneran et al. 2010a, 2010b).  In 
addition, Finneran et al. (2010b) conclude that when animals are exposed to intermittent noises, 
there is recovery of hearing during the quiet intervals between exposures through the 
accumulation of TTS across multiple exposures.  Such findings suggest that when exposed to 
multiple seismic pulses, partial hearing recovery also occurs during the seismic pulse intervals. 

For baleen whales, there are no data, direct or indirect, on levels or properties of sound 
that are required to induce TTS.  The frequencies to which baleen whales are most sensitive are 
lower than those to which odontocetes are most sensitive, and natural ambient noise levels at 
those low frequencies tend to be higher (Urick, 1983).  As a result, auditory thresholds of baleen 
whales within their frequency band of best hearing are believed to be higher (less sensitive) 
than are those of odontocetes at their best frequencies (Clark and Ellison, 2004).  From this, it is 
suspected that received levels causing TTS onset may also be higher in baleen whales.  
However, no cases of TTS are expected given the small size of the airguns proposed to be 
used and the strong likelihood that baleen whales (especially migrating bowheads) would avoid 
the approaching airguns (or vessel) before being exposed to levels high enough for there to be 
any possibility of TTS.  

In pinnipeds, TTS thresholds associated with exposure to brief pulses (single or multiple) 
of underwater sound have not been measured.  Initial evidence from prolonged exposures 
suggested that some pinnipeds may incur TTS at somewhat lower received levels than do small 
odontocetes exposed for similar durations (Kastak et al. 1999, 2005).  However, more recent 
indications are that TTS onset in the most sensitive pinniped species studied (harbor seal, 
which is closely related to the ringed seal) may occur at a similar SEL as in odontocetes (Kastak 
et al. 2004).  

Most cetaceans show some degree of avoidance of seismic vessels operating an airgun 
array (see above).  It is unlikely that these cetaceans would be exposed to airgun pulses at a 
sufficiently high level for a sufficiently long period to cause more than mild TTS, given the 
relative movement of the vessel and the marine mammal (NMFS, 2010).  TTS would be more 
likely in any odontocetes that bow- or wake-ride or otherwise linger near the airguns.  However, 
while bow- or wake-riding, odontocetes would be at the surface and thus not exposed to strong 
sound pulses given the pressure release and Lloyd Mirror effects at the surface.  But if bow- or 
wake-riding animals were to dive intermittently near airguns, they would be exposed to strong 
sound pulses, possibly repeatedly (NMFS, 2010).  

If some cetaceans did incur mild or moderate TTS through exposure to airgun sounds in 
this manner, this would very likely be a temporary and reversible phenomenon.  However, even 
a temporary reduction in hearing sensitivity could be deleterious in the event that, during that 
period of reduced sensitivity, a marine mammal needed its full hearing sensitivity to detect 
approaching predators (NMFS, 2010). 

Some pinnipeds show avoidance reactions to airguns, but their avoidance reactions are 
generally not as strong or consistent as those of cetaceans.  Pinnipeds occasionally seem to be 
attracted to operating seismic vessels (NMFS, 2010).  There are no specific data on TTS 
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thresholds of pinnipeds exposed to single or multiple low-frequency pulses.  However, given the 
indirect indications of a lower TTS threshold for the harbor seal than for odontocetes exposed to 
impulse sound (see above), it is possible that some pinnipeds within the 190-dB isopleths for a 
prolonged time of a large airgun array could incur TTS (NMFS, 2010).  

Current NMFS’ noise exposure standards require that cetaceans and pinnipeds should 
not be exposed to pulsed underwater noise at received levels exceeding, respectively, 180 and 
190 dB re 1 μPa (rms) (NMFS, 2010).  These criteria were taken from recommendations by an 
expert panel of the High Energy Seismic Survey (HESS) Team that did assessment on noise 
impacts by seismic airguns to marine mammals in 1997, although the HESS Team 
recommended a 180-dB limit for pinnipeds in California (HESS, 1999).  The 180 and 190 dB re 
1 μPa (rms) levels have not been considered to be the levels above which TTS might occur.  
Rather, they were the received levels above which, in the view of a panel of bioacoustics 
specialists convened by NMFS before TTS measurements for marine mammals started to 
become available, one could not be certain that there would be no injurious effects, auditory or 
otherwise, to marine mammals.  As summarized above, data that are now available imply that 
TTS is unlikely to occur in various odontocetes (and probably mysticetes as well) unless they 
are exposed to a sequence of several airgun pulses stronger than 190 dB re 1 μPa (rms).  On 
the other hand, for the harbor seal, harbor porpoise, and perhaps some other species, TTS may 
occur upon exposure to one or more airgun pulses whose received level equals the NMFS “do 
not exceed” value of 190 dB re 1 μPa (rms).  That criterion corresponds to a single-pulse SEL of 
175–180 dB re 1 μPa2-s in typical conditions, whereas TTS is suspected to be possible in 
harbor seals and harbor porpoises with a cumulative SEL of approximately171 and 
approximately164 dB re 1 μPa2-s, respectively. 

It has been shown that most marine mammals show at least localized avoidance of 
ships and/or seismic operations.  Even when avoidance is limited to the area within a few 
hundred meters of an airgun array, that should usually be sufficient to avoid TTS based on what 
is currently known about thresholds for TTS onset in cetaceans.  In addition, ramping up airgun 
arrays, which is standard operational protocol for many seismic operators, should allow 
cetaceans near the airguns at the time of startup (if the sounds are aversive) to move away from 
the seismic source and to avoid being exposed to the full acoustic output of the airgun array. 
Thus, most baleen whales likely will not be exposed to high levels of airgun sounds provided the 
ramp-up procedure is applied.  Likewise, many odontocetes close to the trackline are likely to 
move away before the sounds from an approaching seismic vessel become sufficiently strong 
for there to be any potential for TTS or other hearing impairment.  Hence, there is little potential 
for baleen whales or odontocetes that show avoidance of ships or airguns to be close enough to 
an airgun array to experience TTS.  Therefore, it is not likely that marine mammals in the vicinity 
of the proposed open water marine and seismic surveys by PG&E would experience TTS as a 
result of these activities. 
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PERMANENT THRESHOLD SHIFT 

When PTS occurs, there is physical damage to the sound receptors in the ear. In severe 
cases, there can be total or partial deafness, whereas in other cases, the animal has an 
impaired ability to hear sounds in specific frequency ranges (Kryter 1985).  

There is no specific evidence that exposure to pulses of airgun sound can cause PTS in 
any marine mammal, even with large arrays of airguns.  However, given the possibility that 
mammals close to an airgun array might incur at least mild TTS, there has been further 
speculation about the possibility that some individuals occurring very close to airguns might 
incur PTS (e.g., Richardson et al. 1995, p. 372ff; Gedamke et al. 2008).  Single or occasional 
occurrences of mild TTS are not indicative of permanent auditory damage, but repeated or (in 
some cases) single exposures to a level well above that causing TTS onset might elicit PTS.  

Relationships between TTS and PTS thresholds have not been studied in marine 
mammals, but are assumed to be similar to those in humans and other terrestrial mammals 
(Southall et al. 2007).  Based on data from terrestrial mammals, a precautionary assumption is 
that the PTS threshold for impulse sounds (such as airgun pulses as received close to the 
source) is at least 6 dB higher than the TTS threshold on a peak-pressure basis, and probably 
>6 dB higher (Southall et al. 2007).  The low-to-moderate levels of TTS that have been induced 
in captive odontocetes and pinnipeds during controlled studies of TTS have been confirmed to 
be temporary, with no measurable residual PTS (Kastak et al. 1999; Schlundt et al. 2000; 
Finneran et al. 2002, 2005; Nachtigall et al. 2003, 2004).  However, very prolonged exposure to 
sound strong enough to elicit TTS, or shorter-term exposure to sound levels well above the TTS 
threshold, can cause PTS, at least in terrestrial mammals (Kryter 1985).  In terrestrial mammals, 
the received sound level from a single non-impulsive sound exposure must be far above the 
TTS threshold for any risk of permanent hearing damage (Kryter 1994; Richardson et al. 1995; 
Southall et al. 2007).  However, there is special concern about strong sounds whose pulses 
have very rapid rise times.  In terrestrial mammals, there are situations when pulses with rapid 
rise times (e.g., from explosions) can result in PTS even though their peak levels are only a few 
dB higher than the level causing slight TTS.  The rise time of airgun pulses is fast, but not as 
fast as that of an explosion.  

Some factors that contribute to onset of PTS, at least in terrestrial mammals, are as 
follows:  

• exposure to single very intense sound, 
• fast rise time from baseline to peak pressure,  
• repetitive exposure to intense sounds that individually cause TTS but not PTS, and  
• recurrent ear infections or (in captive animals) exposure to certain drugs.  

Cavanagh (2000) reviewed the thresholds used to define TTS and PTS.  Based on this 
review and SACLANT (1998), it is reasonable to assume that PTS might occur at a received 
sound level 20 dB or more above that inducing mild TTS. However, for PTS to occur at a 
received level only 20 dB above the TTS threshold, the animal probably would have to be 
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exposed to a strong sound for an extended period, or to a strong sound with rather rapid rise 
time.  

More recently, Southall et al. (2007) estimated that received levels would need to 
exceed the TTS threshold by at least 15 dB, on an SEL basis, for there to be risk of PTS.  Thus, 
for cetaceans exposed to a sequence of sound pulses, they estimate that the PTS threshold 
might be an M-weighted SEL (for the sequence of received pulses) of approximately198 dB re 1 
μPa2-s.  Additional assumptions had to be made to derive a corresponding estimate for 
pinnipeds, as the only available data on TTS-thresholds in pinnipeds pertained to nonimpulse 
sound (see above). Southall et al. (2007) estimated that the PTS threshold could be a 
cumulative SEL of approximately186 dB re 1 μPa2-s in the case of a harbor seal exposed to 
impulse sound.  The PTS threshold for the California sea lion and northern elephant seal would 
probably be higher given the higher TTS thresholds in those species.  Southall et al. (2007) also 
note that, regardless of the SEL, there is concern about the possibility of PTS if a cetacean or 
pinniped received one or more pulses with peak pressure exceeding 230 or 218 dB re 1 μPa, 
respectively.  Thus, PTS might be expected upon exposure of cetaceans to either SEL ≥198 dB 
re 1 μPa2-s or peak pressure ≥230 dB re 1 μPa.  Corresponding proposed dual criteria for 
pinnipeds (at least harbor seals) are ≥186 dB SEL and ≥ 218 dB peak pressure (Southall et al. 
2007).  These estimates are all first approximations, given the limited underlying data, 
assumptions, species differences, and evidence that the “equal energy” model may not be 
entirely correct.  

Sound impulse duration, peak amplitude, rise time, number of pulses, and inter-pulse 
interval are the main factors thought to determine the onset and extent of PTS.  Ketten (1994) 
has noted that the criteria for differentiating the sound pressure levels that result in PTS (or 
TTS) are location and species specific.  PTS effects may also be influenced strongly by the 
health of the receiver’s ear. 

As described above for TTS, in estimating the amount of sound energy required to elicit 
the onset of TTS (and PTS), it is assumed that the auditory effect of a given cumulative SEL 
from a series of pulses is the same as if that amount of sound energy were received as a single 
strong sound.  There are no data from marine mammals concerning the occurrence or 
magnitude of a potential partial recovery effect between pulses. In deriving the estimates of PTS 
(and TTS) thresholds quoted here, Southall et al. (2007) made the precautionary assumption 
that no recovery would occur between pulses. 

It is unlikely that an odontocete would remain close enough to a large airgun array for 
sufficiently long to incur PTS because monitoring and mitigation measures would have the 
source powered down or shutdown, therefore, preventing marine mammals from prolonged 
exposure.  There is some concern about bow-riding odontocetes, but for animals at or near the 
surface, auditory effects are reduced by Lloyd’s mirror and surface release effects.  The 
presence of the vessel between the airgun array and bow-riding odontocetes could also, in 
some but probably not all cases reduce the levels received by bow-riding animals (e.g., Gabriele 
and Kipple, 2009).  The TTS (and thus PTS) thresholds of baleen whales are unknown but, as 
an interim measure, assumed to be no lower than those of odontocetes.  Also, baleen whales 
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generally avoid the immediate area around operating seismic vessels, so it is unlikely that a 
baleen whale could incur PTS from exposure to airgun pulses.  The TTS (and thus PTS) 
thresholds of some pinnipeds (e.g., harbor seal) as well as the harbor porpoise may be lower 
(Kastak et al. 2005; Southall et al. 2007; Lucke et al. 2009).  If so, TTS and potentially PTS may 
extend to a somewhat greater distance for those animals.  Again, Lloyd’s mirror and surface 
release effects will ameliorate the effects for animals at or near the surface.  

Although it is unlikely that airgun operations during most seismic surveys would cause 
PTS in many marine mammals, caution is warranted given  

• the limited knowledge about noise-induced hearing damage in marine mammals, 
particularly baleen whales, and pinnipeds;  

• the seemingly greater susceptibility of certain species (e.g., harbor porpoise and 
harbor seal) to TTS and presumably also PTS; and  

• the lack of knowledge about TTS and PTS thresholds in many species, including 
various species closely related to the harbor porpoise and harbor seal.  

The avoidance reactions of many marine mammals, along with commonly applied 
monitoring and mitigation measures, would reduce the already-low probability of exposure of 
marine mammals to sounds strong enough to induce PTS. 

STRANDING AND MORTALITY 

Marine mammals close to underwater detonations of high explosives can be killed or 
severely injured, and the auditory organs are especially susceptible to injury (Ketten et al. 1993; 
Ketten 1995).  However, explosives are no longer used for marine waters for commercial 
seismic surveys or (with rare exceptions) for seismic research; they have been replaced entirely 
by airguns or related non-explosive pulse generators.  Airgun pulses are less energetic and 
have slower rise times, and there is no specific evidence that they can cause serious injury, 
death, or stranding even in the case of large airgun arrays.   

Specific sound-related processes that lead to strandings and mortality are not well 
documented, but may include (1) swimming in avoidance of a sound into shallow water; (2) a 
change in behavior (such as a change in diving behavior) that might contribute to tissue 
damage, gas bubble formation, hypoxia, cardiac arrhythmia, hypertensive hemorrhage or other 
forms of trauma; (3) a physiological change such as a vestibular response leading to a 
behavioral change or stress-induced hemorrhagic diathesis, leading in turn to tissue damage; 
and (4) tissue damage directly from sound exposure, such as through acoustically mediated 
bubble formation and growth or acoustic resonance of tissues.  Some of these mechanisms are 
unlikely to apply in the case of impulse sounds.  However, there are increasing indications that 
gas-bubble disease (analogous to “the bends”), induced in supersaturated tissue by a 
behavioral response to acoustic exposure, could be a pathologic mechanism for the strandings 
and mortality of some deep-diving cetaceans exposed to sonar. The evidence for this remains 
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circumstantial and associated with exposure to naval mid-frequency sonar, not seismic surveys 
(Cox et al. 2006; Southall et al. 2007).  

Seismic pulses and mid-frequency sonar signals are quite different, and some 
mechanisms by which sonar sounds have been hypothesized to affect beaked whales are 
unlikely to apply to airgun pulses.  Sounds produced by airgun arrays are broadband impulses 
with most of the energy below 1 kHz.  Typical military mid-frequency sonar emits non-impulse 
sounds at frequencies of 2–10 kHz, generally with a relatively narrow bandwidth at any one 
time.  A further difference between seismic surveys and naval exercises is that naval exercises 
can involve sound sources on more than one vessel.  Thus, it is not appropriate to assume that 
there is a direct connection between the effects of military sonar and seismic surveys on marine 
mammals.  However, evidence that sonar signals can, in special circumstances, lead (at least 
indirectly) to physical damage and mortality (e.g., Balcomb and Claridge 2001; NOAA and USN 
2001; Jepson et al. 2003; Fernández et al. 2004, 2005; Hildebrand 2005; Cox et al. 2006) 
suggests that caution is warranted when dealing with exposure of marine mammals to any high-
intensity “pulsed” sound.  

L-DEO (2011) noted there is currently no conclusive evidence of cetacean stranding or 
deaths at sea as a result of exposure to seismic surveys, but a few cases of strandings in the 
general area where a seismic survey was ongoing have led to speculation of a possible link.   

Engel et al. (2004, in LDEO, 2011) suggested that humpback whales wintering off Brazil 
may be displaced or even stranded during seismic surveys.  Others have suggested the 
evidence was circumstantial and subject to alternative explanations (IAGC, 2004), or 
inconsistent with subsequent results from the same area (IAGC, 2004; Parente et al. 2006, in L-
DEO, 2011).  Based on data from subsequent years, no observable direct correlation between 
strandings and seismic surveys was found (IWC 2007, L-DEO, 2011). 

In September 2002, two Cuvier’s beaked whales stranded in the Gulf of California, 
Mexico at the same time when the L-DEO vessel R.V Maurice Ewing was operating a 20-airgun, 
8,490 in3 airgun array in the general area.  The link was inconclusive and not based on any 
physical evidence (Hogarth 2002; Yoder 2002, in L-DEO, 2011).  A need for caution is 
recommended when conducting seismic surveys in area occupied by beaked whales until more 
in know about effect on those species (L-DEO, 2011). 

NON-AUDITORY PHYSIOLOGICAL EFFECTS 

Non-auditory physiological effects or injuries that theoretically might occur in marine 
mammals exposed to strong underwater sound include stress, neurological effects, bubble 
formation, resonance, and other types of organ or tissue damage (Cox et al. 2006; Southall et 
al. 2007).  Studies examining such effects are limited.  However, resonance effects (Gentry 
2002) and direct noise-induced bubble formation (Crum et al. 2005) are implausible in the case 
of exposure to an impulsive broadband source like an airgun array.  If seismic surveys disrupt 
diving patterns of deep-diving species, this might perhaps result in bubble formation and a form 
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of “the bends”, as speculated to occur in beaked whales exposed to sonar.  However, there is 
no specific evidence of this upon exposure to airgun pulses.  

In general, very little is known about the potential for seismic survey sounds (or other 
types of strong underwater sounds) to cause non-auditory physical effects in marine mammals.  
Such effects, if they occur at all, would presumably be limited to short distances and to activities 
that extend over a prolonged period.  The available data do not allow identification of a specific 
exposure level above which non-auditory effects can be expected (Southall et al. 2007), or any 
meaningful quantitative predictions of the numbers (if any) of marine mammals that might be 
affected in those ways.  Marine mammals that show behavioral avoidance of seismic vessels, 
including most baleen whales some odontocetes, and some pinnipeds, are especially unlikely to 
incur non-auditory physical effects.  Also, the planned mitigation measures, including shut 
downs of the airguns, will reduce any such effects that might otherwise occur.  
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APPENDIX F 
FISHERIES PLAN 

F.1 INTRODUCTION 

PG&E proposes to conduct a Central Coastal California Seismic Imaging Project 
(Project) within the area boundaries of Cambria and Point San Luis.  The Project would conduct 
deep (10 to 15 km) seismic reflection profiling while recording real time 3-D seismic data.  This 
newly acquired data would provide improved deep (>1km) imaging of the Hosgri, San Simeon 
and Shoreline fault zones. 

The proposed activities comprise both in-water and near-shore actions.  The offshore 
components consist of operating a geophysical vessel and support/monitoring vessels within the 
areas shown in Figure F-1 and transiting between the site and either Port San Luis or Morro 
Bay.  The geophysical vessel will tow a series of sound-generating air guns and sound-
recording hydrophones along pre-determined shore-parallel and shore-perpendicular transects.  
The near-shore actions include the placement of geophones (e.g. Fairfield Z700 nodal units) 
through the intertidal zone and into shallow water areas (to approximately the 30 m [100 ft] 
isobath) and the generation of an onshore sound source that will be recorded by the 
geophones.  The offshore (vessel) survey will be conducted in both federal and state waters and 
water depths within the proposed survey areas range from 0 to over 400 m (1,300 ft); the State 
Three-Mile Limit is the orange line in Figure F-1.  Detailed descriptions of the proposed actions 
for each component are provided in Section 1.0 Introduction. 

This Fisheries Plan has been prepared to discuss:  (1) the existing commercial and 
recreational fishing that occurs within the Project area (defined herein as the near-shore and 
offshore marine waters between Cambria and San Luis Bay); (2) the possible effects of the 
proposed actions on those activities; and (3) mitigations that will reduce or eliminate those 
potential effects. 

F.2 PROJECT VESSELS 

The proposed activities will require a combination of vessels, including a primary seismic 
survey vessel similar to the R/V Marcus G. Langseth, a secondary vessel used to 
deploy/retrieve seafloor geophones in the shallow water zone, and a third vessel to act as a 
scout boat and support vessel for survey craft. 
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Figure F-1.  Project Area 
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F.3 COMMERCIAL FISHING OPERATIONS 

F.3.1 Commercial Catch 

Commercial catch data within the marine waters off California are reported by the 
California Department of Fish and Game (CDFG) from a series of 10 minutes latitude by 10 
minutes longitude area blocks, each covering an area of approximately 343 square kilometers 
(km2) (100 square nautical miles (nm2), called a Fish Block (FB).  FB boundaries correspond to 
lines of latitude and longitude and therefore due to the irregular California coast, FBs that 
include the shoreline encompass a smaller area.  Figure F-2 shows the regional FB coverage; 
the proposed Project area is within FBs 601, 602, 607, 608, 609, 614, 615, 616, 617, 623, 624, 
625, 632, and 633. 

 

Figure F-2.  Regional and Site CDFG Fish Blocks 

The discussions below summarize the reported catch from the regional FBs and 
includes a series of tables that list the most abundant species from each FB.  The number of 
taxa listed are those needed to account for at least 90 percent of the total reported catch for the 
period. 
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FB 601.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 33,363 pounds, valued at $217,211 were 
reported as caught within FB 601 (CDFG, unpublished).  As shown in Table F-1, 5 species 
accounted for 95 percent of the total commercial catch within FB 601 for that 5-year period.  
Those 5 species groups also accounted for over 95 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-1.  The Five Most Abundant Commercial Taxa from Fish Block 601 
(2006 through 2010) 

Species Total Pounds Total Value Percent of Total 
(Pounds) 

Percent of Total 
($$) 

Rockfish (all species) 19,626 $161,852 58.8 74.5 
Cabezon 6,301 $37,140 18.9 17.1 
Lingcod 3,622 $6,534 10.9 3.0 
Sea urchin (red) 1,395 $512 4.2 0.2 
Surfperch (all 
species) 719 $2,058 2.2 0.9 

Fish Block Total 33,363 $217,211 95.0 95.7 
Source: CDFG, unpublished. 

Rockfish, cabezon, and lingcod reported from this block were caught mostly with hook 
and line.  All surfperch reported from this block were caught with hook and line, while all sea 
urchin reported from this block were caught by divers. 

FB 602.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 146,001 pounds, valued at $229,349 were 
reported as caught within FB 602 (CDFG, unpublished).  As shown in Table F-2, 5 species 
accounted for 94.3 percent of the total commercial catch within FB 602 for that 5-year period.  
Those 5 species groups also accounted for 87.3 percent of the total value of the commercial 
catch from that FB during those five years. 

Table F-2.  The Five Most Abundant Commercial Taxa from Fish Block 602 
(2006 through 2010) 

Species Total Pounds Total Value Percent of Total 
(Pounds) 

Percent of Total 
($$) 

Squid, market 104,638 $26,160 71.7 11.4 
Rockfish (all species) 15,499 $124,873 10.6 54.4 
Sablefish 10,006 $16,346 6.9 7.1 
Cabezon 4,554 $27,511 3.1 12.0 
Lingcod 2,867 $5,425 2.0 2.4 
Fish Block Total 146,001 $229,349 94.3 87.3 

Source: CDFG, unpublished. 
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Market squid reported from this block were caught using drum seine and purse seine.  
Rockfish reported from this block were caught mostly with hook and line, although some were 
caught with set longlines.  Sablefish reported from this block were caught with set longlines and 
fish traps.  Cabezon and lingcod reported from this block were caught mostly with hook and line. 

FB 607.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 190,166 pounds, valued at $480,381 were 
reported as caught within FB 607 (CDFG, unpublished).  As shown in Table F-3, 9 species 
accounted for over 93 percent of the total commercial catch within FB 607 for that 5-year period.  
Those 9 species groups also accounted for over 95 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-3.  The Nine Most Abundant Commercial Taxa from Fish Block 607 
(2006 through 2010) 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Sardine 69,724 $3,486 36.7 0.7 
Rockfish (all species) 44,657 $311,528 23.5 64.9 
Shrimp, ocean (pink) 29,150 $17,490 15.3 3.6 
Crab (all species) 12,821 $28,460 6.7 5.9 
Cabezon 8,671 $51,123 4.6 10.6 
Sablefish 5,523 $6,090 3.0 1.3 
Salmon (all species) 4,525 $29,952 2.4 6.2 
Sea urchin (red) 3,895 $2,701 2.0 0.6 
Lingcod 3,475 $6,464 1.8 1.3 
Fish Block Total 190,166 $480,381 93.6 95.1 

Source: CDFG, unpublished. 

Sardine reported from this block were caught using purse seine.  Pink shrimp reported 
from this block were caught using double-rigged trawl.  Most of the sablefish reported from this 
block were caught with fish traps, although setlines were also used.  Hook and line, setline, and 
vertical line fishing contributed most of the rockfish and Cabezon; traps were used to catch the 
multiple crab species reported.  Sea urchin reported from this block were caught by divers. 

FB 608.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 163,054 pounds, valued at $220,530 were 
reported as caught within FB 608 (CDFG, unpublished).  As shown in Table F-4, 8 species 
accounted for over 92 percent of the total commercial catch within FB 608 for that 5-year period.  
Those 8 species groups also accounted for approximately 82 percent of the total value of the 
commercial catch from that FB during those 5 years. 
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Table F-4.  The Eight Most Abundant Commercial Taxa from Fish Block 608 
(2006 through 2010) 

Source: CDFG, unpublished. 

Sole, thornyhead, and sablefish reported from this block were caught by trawl.  Sablefish 
were also caught with fish traps and set longlines.  Sea urchins reported from this block were 
caught by divers.  Anchovy reported from this block were caught using lampara net.  Tuna 
reported from this block were caught by troll.  Crab reported from this block were caught with 
crab or lobster traps. 

FB 609.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 224,110 pounds, valued at $277,645 were 
reported as caught within FB 609 (CDFG, unpublished).  As shown in Table F-5, 5 species 
accounted for approximately 98 percent of the total commercial catch within FB 609 for that 5- 
year period.  Those 5 species groups also accounted for over 96 percent of the total value of the 
commercial catch from that FB during those 5 years. 

Table F-5.  The Five Most Abundant Commercial Taxa from Fish Block 609 
(2006 through 2010) 

Species Total Pounds Total Value Percent of Total 
(Pounds) 

Percent of Total 
($$) 

Sablefish 106,536 $169,969 47.5 61.2 
Hagfishes 104,903 $90,680 46.8 32.7 
Sea urchin (red) 4,875 $2,842 2.2 1 
Squid, market 1,876 $563 0.8 0.2 
Thornyhead, 
shortspine 1,636 $4,691 0.7 1.7 

Fish Block Total 224,110 $277,645 98 96.8 
Source: CDFG, unpublished. 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Sole (all species) 58,790 $16,437 36.0 7.5 
Sablefish 30,794 $37,188 18.9 16.9 
Thornyhead (all 
species) 18,319 $9,434 11.2 4.3 

Sea urchin (red) 15,809 $7,189 9.7 3.3 
Rockfish (all species) 14,041 $98,654 8.6 44.7 
Anchovy, northern 4,515 $1,497 2.8 0.7 
Tuna, albacore 4,258 $4,826 2.6 2.2 
Crab (all species) 4,194 $5,395 2.6 2.4 
Fish Block Total 163,055 $220,530 92.4 82.0 
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Sablefish reported from this block were mostly caught with fish traps and set longlines.  
Hagfish reported from this block were all caught using fish traps.  Sea urchin reported from this 
block were all caught by divers.  Market squid reported from this block were all caught using 
drum seine.  Thornyhead reported from this block were caught predominately using set 
longlines. 

FB 614.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 9,761 pounds, valued at $19,301 were 
reported as caught within FB 614 (CDFG, unpublished).  As shown in Table F-6, 5 species 
accounted for over 94 percent of the total commercial catch within FB 614 for that 5-year period.  
Those 5 species groups also accounted for over 95 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-6.  The Five Most Abundant Commercial Taxa from Fish Block 614 
(2006 through 2010) 

Source: CDFG, unpublished. 

Sea urchin reported from this block were all caught by divers.  Sablefish and hagfish 
reported from this block were caught mostly using fish traps.  Hook and line were used to catch 
rockfish reported from this block, as well as set longlines.  California spiny lobster reported from 
this block were all caught with crab or lobster traps. 

FB 615.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 1,091,134 pounds, valued at $2,383,293, 
were reported as caught within FB 615 (CDFG, unpublished).  As shown in Table F-7, 5 species 
accounted for over 91 percent of the total commercial catch within FB 615 for that 5- year 
period.  Those 5 species groups also accounted for over 92 percent of the total value of the 
commercial catch from that FB during those 5 years. Hagfish and sablefish are deepwater 
species that are unlikely to occur in this shallow block, and the reported values may be based 
on fishermen erroneously recording the port of landing (Port San Luis) as the origin of the 
catches. 

Most of the hagfish and sablefish reported from this block were caught with fish traps, 
although setlines were also used to catch sablefish.  Hook and line, setline, and vertical line 
fishing contributed most of the rockfish and cabezon; traps were used to catch the multiple crab 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Sea urchin (red) 4,111 $1,332 42.1 6.9 
Sablefish 2,309 $3,100 23.7 16.1 
Hagfishes 1,738 $2,086 17.8 10.8 
Lobster, California 
spiny 593 $7,831 6.1 40.6 

Rockfish (all species) 509 $4,119 5.2 21.3 
Fish Block Total 9,761 $19,301 94.9 95.7 
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species reported.  Trawl catch for this period within FB 615 was 109,921 pounds (10.1 percent 
of the total) with rockfish and flatfish (halibut and sole) being the primary target species.  By law, 
all commercial trawling in this area can only occur seaward of the State three-mile limit. 

The varied seafloor habitat within FB 615 suggests that hook and line, and setlines for 
rockfish and cabezon, as well as crab traps would be used within this FB. 

Table F-7.  The Five Most Abundant Commercial Taxa from Fish Block 615 
(2006 through 2010) 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Hagfish 661,553 $576,886 60.6 24.2 
Rockfish 167,407 $1,147,568 15.3 48.1 
Sablefish 96,468 $147,652 8.8 6.2 
Cabezon 48,974 $284,409 4.5 11.9 
Crab (all species) 25,462 $50,870 2.3 2.1 
Fish Block Total 1,091,134 $2,383,293 91.5 92.5 
Source: CDFG, unpublished. 

FB 616.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 181,953 pounds, valued at $258,940, were 
reported as caught within FB 616 (CDFG, unpublished).  As shown in Table F-8, 5 species 
accounted for over 98 percent of the total commercial catch within FB 616 for that 5-year period.  
Those 5 species groups also accounted for over 95 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-8.  The Five Most Abundant Commercial Taxa from Fish Block 616 
(2006 through 2010) 

Source: CDFG, unpublished. 

Sablefish and hagfish reported from this block were caught mostly using fish traps.  
Some sablefish were caught using set longline.  Most shark species reported from this block 
were caught using drift gill net.  Tuna reported from this block were caught using drift gill net and 
by troll.  Rockfish reported from this block were mostly caught using hook and line and set 
longline. 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Sablefish 166,254 $233,004 91.4 90.0 
Hagfishes 8,079 $7,092 4.4 2.7 
Shark (all species) 3,683 $4,524 2.0 1.7 
Tuna, albacore 1,385 $2,439 0.7 0.9 
Rockfish (all species) 657 $1,016 0.4 0.4 
Fish Block Total 181,953 $258,940 98.9 95.7 
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FB 617.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 212,162 pounds, valued at $286,207, were 
reported as caught within FB 617 (CDFG, unpublished).  As shown in Table F-9 5 species 
accounted for over 98 percent of the total commercial catch within FB 617 for that 5-year period.  
Those 5 species groups also accounted for over 97 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-9.  The Five Most Abundant Commercial Taxa from Fish Block 617 
(2006 through 2010) 

Species Total Pounds Total Value Percent of Total 
(Pounds) 

Percent of Total 
($$) 

Sablefish 141,843 $200,342 66.9 70.0 
Hagfishes 60,769 $51,043 28.6 17.8 
Thornyhead (all 
species) 3,265 $10,971 1.5 3.8 
Rockfish (all 
species) 2,064 $7,898 1.0 2.8 
Prawn (all species) 1,935 $9,889 0.9 3.5 
Fish Block Total 212,162 $286,207 98.9 97.9 

Source: CDFG, unpublished. 

Sablefish reported from this block were caught with fish traps and set longlines.  Hagfish 
reported from this block were all caught with fish traps.  Thornyhead reported from this block 
were mostly caught using set longlines.  Rockfish reported from this block were mostly caught 
using set longlines and hook and line.  Prawn reported from this block were caught by trawl and 
using prawn traps. 

FB 623.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 341,553 pounds, valued at $820,148, were 
reported as caught within FB 623 (CDFG, unpublished).  As shown in Table F-10, 5 species 
accounted for over 90 percent of the total commercial catch within FB 623 for that 5-year period.  
Those 5 species groups also accounted for over 86 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-10.  The Five Most Abundant Commercial Taxa from Fish Block 623 
(2006 through 2010) 

Source: CDFG, unpublished. 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Squid, market 112,111 $28,028 32.8 3.4 
Rockfish (all species) 82,147 $499,797 24.1 61.0 
Crab (all species) 65,025 $113,202 19.0 13.8 
Hagfishes 38,309 $39,630 11.2 4.8 
Lingcod 12,971 $27,124 3.8 3.3 
Fish Block Total 341,553 $820,148 90.9 86.3 
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Market squid reported from this block were all caught using drum seine.  Rockfish 
reported from this block were caught using vertical hook and line and set longlines.  Crab 
reported from this block were caught predominately using crab or lobster traps.  Hagfishes 
reported from this block were caught mostly using fish traps.  Lingcod reported from this block 
were caught predominately using vertical hook and line. 

FB 624.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 85,851 pounds, valued at $109,090, were 
reported as caught within FB 624 (CDFG, unpublished).  As shown in Table F-11, 5 species 
accounted for over 99 percent of the total commercial catch within FB 624 for that 5-year period.  
Those 5 species groups also accounted for over 97 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-11.  The Five Most Abundant Commercial Taxa from Fish Block 624 
(2006 through 2010) 

Source: CDFG, unpublished. 

Crab reported from this block were all caught with crab or lobster traps.  Sablefish, 
rockfish, and thornyhead reported from this block were caught using set longlines and by trawl.  
Sole reported from this block were caught predominantly by trawl. 

FB 625.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 57,662 pounds, valued at $78,359, were 
reported as caught within FB 625 (CDFG, unpublished).  As shown in Table F-12, 5 species 
accounted for over 95 percent of the total commercial catch within FB 625 for that 5-year period.  
Those 5 species groups also accounted for over 91 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Crab (all species) 33,640 $72,290 39.2 66.3 
Sablefish 22,823 $21,404 26.6 19.6 
Sole (all species) 15,341 $4,749 17.9 4.4 
Thornyhead (all 
species) 11,297 $7,234 13.2 6.6 

Rockfish (all species) 2,214 $1,097 2.6 1.0 
Fish Block Total 85,851 $109,090 99.5 97.9 
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Table F-12.  The Five Most Abundant Commercial Taxa from Fish Block 625 
(2006 through 2010) 

Source: CDFG, unpublished. 

Sablefish reported from this block were caught with set longlines and fish traps.  All 
hagfish reported from this block were caught using fish traps.  All sole reported from this block 
were caught by trawl.  Thornyhead reported from this block were caught using set longlines and 
by trawl.  All crab reported from this block were caught using crab or lobster traps. 

FB 632.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 331,161 pounds, valued at $1,015,590, were 
reported as caught within FB 632 (CDFG, unpublished).  As shown in Table F-13, 5 species 
accounted for over 94 percent of the total commercial catch within FB 632 for that 5-year period.  
Those 5 species groups also accounted for over 95 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Table F-13.  The Five Most Abundant Commercial Taxa from Fish Block 632 
(2006 through 2010) 

Source: CDFG, unpublished. 

Crab reported from this block was caught predominantly using crab or lobster traps.  
Rockfish and lingcod were caught mostly using hook and line and set longlines.  All squid 
reported from this block was caught using purse seine.  Halibut reported from this block were 
caught using hook and line and by trawl. 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Sablefish 30,747 $52,962 53.3 67.6 
Hagfishes 16,939 $13,605 29.4 17.4 
Sole, Dover 3,217 $901 5.6 1.1 
Thornyhead (all 
species) 2,256 $2,348 3.9 3.0 

Crab, rock unspecified 1,956 $2,152 3.4 2.7 
Fish Block Total 57,662 $78,359 95.6 91.8 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Crab (all species) 139,420 $359,221 42.1 35.4 
Rockfish (all species) 86,185 $540,565 26 53.2 
Squid, market 72,563 $18,141 22 1.8 
Halibut, California 7,961 $33,428 2.4 3.3 
Lingcod 7,759 $14,943 2.3 1.5 
Fish Block Total 331,161 $1,015,590 94.8 95.2 
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FB 633.  For the period 2006 through 2010, the 5 most recent years of available 
commercial catch data from CDFG, approximately 519,492 pounds, valued at $644,445, were 
reported as caught within FB 633 (CDFG, unpublished).  As shown in Table F-14, 7 species 
accounted for over 92 percent of the total commercial catch within FB 633 for that 5-year period.  
Those 7 species groups also accounted for over 90 percent of the total value of the commercial 
catch from that FB during those 5 years. 

Sole reported from this block were caught predominately by trawl. Bonito reported from 
this block were all caught with purse seine. Sablefish, rockfish, and thornyhead reported from 
this block were caught predominately using set longlines and by trawl. Squid reported from this 
block were all caught with drum seine.  Prawns reported from this block were predominantely 
caught using prawn traps. 

Table F-14.  The Seven Most Abundant Commercial Taxa from Fish Block 633 
(2006 through 2010) 

Source: CDFG, unpublished. 

F.3.2 Fishing Methods and Gear Markings 

In practice, it is often necessary for vessel operators to spot and identify commercial 
fishing gear that might lie in their path.  Figures F-2 and F-3 show typical drift and purse seine 
gear, respectively, that would be expected to be used within the Project area.  Figure F-4 
provides a visual summary of buoys which are commonly used in the rock crab, lobster, gillnet, 
and hook and line fisheries.  Each buoy group has several possibilities, and those shown in 
Figure F-4 are indicative of the most commonly-used for each type of operation.  Within the 
Project area, and based on the catch records for that area, crab, lobster, and fish traps, drift 
nets, and set longline are used and are the most likely types of gear that will be marked and 
within the area. 

Species Total Pounds Total Value Percent of Total 
(pounds) 

Percent of Total 
($$) 

Sole (all species) 108,947 $91,166 21.0 14.1 
Bonito, Pacific 103,126 $28,360 19.9 4.4 
Sablefish 85,731 $144,747 16.5 22.5 
Rockfish (all species) 77,367 $76,050 14.9 11.8 
Squid, market 64,250 $16,063 12.4 2.5 
Thornyhead, 
shortspine 24,351 $18,855 4.7 2.9 

Prawn, spot 18,306 $205,950 3.5 32.0 
Fish Block Total 519,492 $644,445 92.9 90.2 
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Figure F-2.  Drift Gillnet Gear 

 

Figure F-3.  Purse Seine Vessel with Net Deployed 
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Figure F-4.  Typical Commercial Fishing Buoy Markings 

Data sources used in the following discussions include technical reports and personal 
communications with local fishers, and commercial catch data that were obtained from CDFG.  
The primary ports that provide facilities for commercial vessels within the area are Morro Bay 
and Port San Luis/Avila.  Discussions with E. Endersby and S. McGrath (pers. comm.) indicate 
that currently between 145 and 170 commercial fishing vessels berth in the two ports (75 to 100 
in Morro Bay and approximately 70 in Port San Luis).  The number of trawlers within the Morro 
Bay/Avila harbors has decreased over the past 10 years, and currently, commercial fishing in 
the vicinity of Morro Bay targets a variety of species ranging from crab to rockfish, and pelagic 
species such as salmon and albacore.  More recently a trap fishery for hagfish and sablefish 
has redeveloped in the region. 

Gear types used to catch these resources in the Project area include trawl, gill net, trap, 
diving, round-haul nets, and hook-and-line.  Table F-15 provides a summary of the commercial 
gear types, target species, and areas fished within the Project area. 
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Table F-15.  Commercial Fisheries and Gear Types Used in Project Area 

Gear Target Species Notes 
Hook and line Rockfish, Salmon, Albacore, 

Sablefish, Lingcod 
Trolling (salmon and albacore) in late summer and 
fall; long line fishing all year 

Set gill 
net/Trammel net 

Rockfish (on Santa Lucia 
Bank), Sharks, Halibut, 
White sea bass 

Nets anchored to the bottom and checked regularly; 
most set in less than 100 m (330 ft) for halibut and 
500 m (1,650 ft) for other species 

Drift gill net Thresher shark, Swordfish, 
Sea bass, Barracuda 

Fished at night 5 to 130 km (3 to 80 mi) offshore 

Purse seine and 
lampara net 

Mackerel, Anchovy, Market 
squid, Herring, Sardine 

For pelagic, schooling fish; lampara nets used in 
depths less than 45 m (150 ft) 

Trawl Rockfish, Halibut, Sole, 
Sablefish, Shrimp, Prawns 

Fished all year beyond the 3-mile State-waters limit, 
except pink shrimp (1 April-31 October); most sole 
fished at depths of 365 to 550 m (1,200 to 1,800 ft) 
although some to 950 m (3,120 ft), halibut at less 
than 82 m (270 ft), rockfish at 110 to 275 m (360 to 
900 ft), shrimp/prawns at 100 to 400 m (330 to 1,320 
ft) over green mud 

Diving Urchins, Cucumbers Divers work from small boats in water usually less 
than 37 m (120 ft) 

Trap Crab, Prawns, Sablefish, 
Rockfish 

Traps set on the bottom (at depths of 18 to 110 m [60 
to 360 ft] for crabs and prawns, <500 m [1,650 ft] for 
sablefish, and <200 m {660 ft] for rockfish) with 
marker buoys 

Source: SAIC 2000 
 

From the markings of the buoys, it should be possible to identify and contact the owner 
of the gear.  Personnel have often been able to reach an agreement with the owners of the 
specific pieces of gear for relocating such gear for the period of time necessary to complete the 
scheduled activities.  Contact with the owner of such gear is essential to proper operations, 
since it is unlawful to willfully disturb or damage any net or trap which is being legally used in 
California waters (California Fish & Game Code Sec. 8604). 

Hook and Line.  The port of Morro Bay supports a large and diverse fleet of vessels that 
utilize some variation of hook-and-line gear to harvest fishes.  Commercial hook-and-line 
fisheries in Morro Bay typically target rockfish, which attributes for the largest amount of vessels 
and value of product landed.  Traditionally, the target of the fishery is various species of “red” 
rockfish, which are landed dead and sold whole.  Larger boats make multi-day trips and also 
land large amounts of other shelf rockfish species and lingcod which are processed by markets 
and sold to local restaurants, other markets, wholesale seafood buyers, and the public.  These 
large boats fish reefs and rockpiles from Point Sur down to San Miguel Island in water depths 
from 40 to 100 fathoms (240 to 600 ft).  The smaller boats in the fleet typically day-fish relatively 
close to port (between Piedras Blancas and rocky areas south of Point Buchon) in waters 
ranging from 5 to 50 fathoms (30 to 300 ft) in depth.  These smaller boats land “red rockfish” as 
well as many species of nearshore rockfish. 
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Morro Bay’s commercial troll fleet targets king salmon and albacore when they are in 
season and available.  Salmon fishery landings are variable but consistently rank second 
among hook-and-line fisheries in total pound landed.  Salmon landings in Morro Bay vary 
annually depending on salmon abundance in the area.  Albacore are seasonal visitors to the 
central coast during years when warm oceanic water masses occur relatively close to shore.  
Landings of albacore in Morro Bay are highly variable because during some years such water 
masses, and the albacore associated with them, remain more than 100 miles from shore.  
Albacore trollers will often range widely up and down the Pacific coast in search of schools of 
albacore.  During years of local abundance, albacore are generally found more than 20 miles 
offshore, however, a few fish are occasionally caught inside of 10 miles. 

Gillnets.  Gill nets, when deployed, form a curtain of netting that entangles fishes that 
swim into it.  Two basic gill net configurations are used along the Pacific coast; set gill nets and 
drift gill nets.  Mesh size, net length, and depth/distance from shore that a net can be deployed 
are subject to regulation.  The drift gill net fishery is also subject to seasonal restrictions.  Set gill 
nets may be used in rocky areas to catch various shelf rockfish species or over sandy bottoms 
to catch California halibut.  All set gill net vessels are prohibited from fishing in less than 30 
fathoms (180 ft) of water in waters along the central coast, however, supplemental depth 
regulations exist depending on mesh size and target species.  In recent years, the set gill net 
rockfish fishery in Morro Bay has consisted of two vessels or less.  Gill net boats targeting 
rockfish generally set their nets in water depths from 40 to 120 fathoms (240 to 720 ft).  
Rockfish gill net vessels target “red” rockfish but catch large numbers of California halibut, 
sharks, as well as lingcod.  Recent regulation of open access rockfish harvest has all but 
eliminated the gill net effort for rockfish. 

Halibut fishers using gill nets are more numerous than those targeting rockfish; however, 
this fishery has also declined dramatically in recent years due to regulations.  Set gill net fishers 
targeting California halibut also land Pacific angle sharks and various crab species as well as 
occasional large landings of thresher sharks and white seabass.  Concern over sea otter 
mortality in gill nets set for halibut prompted regulation of the minimum depth in which gill nets 
could be set (30 fathoms; 180 ft).  This depth restriction eliminated many of the prime fishing 
areas and vessels participating in the fishery began to concentrate their efforts in other fisheries.  
Gill nets are most frequently set in the waters of Estero Bay in an area several miles south of 
the harbor entrance and near the 30 fathom line.  Gill net activity along the Central Coast also 
occurs south of Point San Luis (Point Sal to Point Conception) and north of Point Estero. 

Drift gill net vessels target swordfish but also land pelagic sharks, tuna, and opah.  Drift 
gill net vessels range more widely than trawl vessels and fish far offshore near seamounts, 
submarine canyons, and steep edges of the continental slope.  The drift gill net fishery is 
seasonal, opening in May and extending through the end of January.  Between May 1 and 
August 14 drift gill net vessels may not fish within 75 miles of the mainland coast of California.  
During the balance of the season, drift gill net vessels may not fish within 12 miles of the 
mainland coast (north of Point Arguello). 
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Purse Seine.  Purse seine gear is used within the confines of Estero Bay area and 
typically lands the most fish by weight than any other gear type used in the area.  During fishing 
operations purse seiners encircle entire schools of target species.  The catch is retrieved by 
pursing the net with the aid of a small skiff. 

Purse seine gear is primarily used to catch baitfish such as northern anchovy, Pacific 
sardine, Pacific mackerel, and jack mackerel.  One purse seine vessel is homeported in Morro 
Bay and its catch fills the live bait needs of commercial and recreation hook-and-line fishers.  
Transient purse seine vessels arrive in Morro Bay to harvest market squid when the species is 
abundant in the area and scarce in Monterey Bay and the Santa Barbara Channel. 

Trawl.  Trawl vessels tow nets along the ocean bottom (and occasionally in midwater) to 
capture demersal fishes and invertebrates.  Trawl vessels are generally the largest vessels in 
the local commercial fleet and they land the greatest amount of biomass.  Local trawl fisheries 
include those targeting groundfish (English sole, Pacific sanddab, petrale sole, various rockfish, 
sablefish, etc.), ocean shrimp, spot prawns, and California halibut.  The fishery that a trawl 
vessel participates in is dependent on the permits the owner or operator has been able to 
obtain. 

Trawlers navigate slowly along the depth contour through the dragging grounds for 
several hours.  Trawling nets can be up to a mile behind the vessel, depending on water depth.  
Rocky outcrops, wrecks, or other debris are often located randomly with respect to the trawl 
grounds.  Hazards such as these may snag nets.  Through trial and error, trawlers become 
aware of most of the snags to avoid in favored grounds.  However, all trawl vessels are required 
by law to fish outside of State waters (waters more than three miles from shore) and no season 
has been established for trawl caught fish species. 

Pots and Traps.  Pots and traps come in a variety of shapes and sizes.  Traps are 
fished all year from nearshore to about 100 meter (330 feet) water depths.  Regionally, they are 
used by local fishers to harvest crabs and fishes, although spot prawns are also occasionally 
landed.  Typically, several pots or traps are attached to a heavy groundline with an anchor or 
heavy weights attached to both ends.  The ends of the line are typically connected to a surface 
buoy containing flags, radar reflectors or even lights.  Crab pots in particular are set in hard-
bottom habitats.  They can be set individually or in groups attached to a common groundline.  
During installation and retrieval of traps and pots, they can be dragged several meters along the 
bottom.  In hard-bottom habitats where pots are typically used, they or the anchors can become 
entangled resulting in a loss of traps. 

Diving.  Divers usually work rocky reefs in waters up to 120 feet.  Historically the 
mainland coast was dived extensively for abalone and urchins.  Divers are now working deeper 
than before and many employed electric, underwater scooters to survey areas before anchoring 
the boat and committing to a given spot.  Commercial dive boats are usually small, fast vessels 
from 22 to 32 feet in length.  Normal operations can be either anchored or "live-boat".  One to 
several divers may be in the water.  A "tender" or deck hand operates the vessel and diver air 
compressor, and tends the diver's air hose and game bags. 
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Recreational Fishing.  Recreational fishing, including commercial passenger fishing 
vessels (CPFV) from Morro Bay and Port San Luis, tend to stay within 4.8 km (3 mi) of the 
shoreline and target rocky habitat-associated species including rockfish, lingcod, and Cabezon.  
Seasonal open-water trolling for albacore and salmon occurs further offshore and fishers target 
California halibut and other flatfish in near-shore sedimentary habitats. 

Rocky habitats within Estero Bay, immediately offshore of the mouth of Morro Bay and 
off the Montaña de Oro State Park are targeted by CPFVs from Morro Bay.  CPFVs from Port 
San Luis would be expected to utilize rocky reef areas off Point San Luis and to the south 
offshore Pismo Beach, as well as sedimentary habitats within San Luis Bay where halibut and 
pelagic species would be most likely. 

F.4 REGULATORY SETTING 

Federal.  The Magnuson-Stevens Fishery Conservation and Management Act (MSA) is 
the primary law governing marine fisheries management in United States federal waters.  The 
Act was first enacted in 1976 and amended in 1996.  Amendments to the 1996 Magnuson-
Stevens Fishery Conservation and Management Act require “the identification of Essential Fish 
Habitat for federally-managed species and the implementation of measures to conserve and 
enhance this habitat”.  Any project requiring federal authorization, such as a United States 
(U.S.) Army Corps permit, is required to complete and submit an Essential Fish Habitat 
Assessment (EFHA) with the application and either show that no significant impacts to the 
essential habitat of managed species are expected or identify mitigations to reduce those 
impacts. 

State 

The Marine Life Protection Act of 1999 (MLPA).  The Marine Life Protection Act (MLPA) 
of 1999 directs the state to redesign California's system of marine protected areas (MPAs) to 
function as a network in order to: increase coherence and effectiveness in protecting the state's 
marine life and habitats, marine ecosystems, and marine natural heritage, as well as to improve 
recreational, educational and study opportunities provided by marine ecosystems subject to 
minimal human disturbance.  There are six goals that guide the development of MPAs in the 
MLPA planning process:  (1) Protect the natural diversity and abundance of marine life, and the 
structure, function and integrity of marine ecosystems; (2) Help sustain, conserve and protect 
marine life populations, including those of economic value, and rebuild those that are depleted; 
(3) Improve recreational, educational and study opportunities provided by marine ecosystems 
that are subject to minimal human disturbance, and to manage these uses in a manner 
consistent with protecting biodiversity; (4) Protect marine natural heritage, including protection 
of representative and unique marine life habitats in California waters for their intrinsic values; (5) 
Ensure California's MPAs have clearly defined objectives, effective management measures and 
adequate enforcement and are based on sound scientific guidelines; and (6) Ensure the State's 
MPAs are designed and managed, to the extent possible, as a network. 
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To help achieve these goals, three types of MPA designation types are used in the 
MLPA process: state marine reserves, state marine parks and state marine conservation areas. 

Marine Protected Areas (MPAs).  As shown in Figure F-1 within the 3-D survey area two 
MPAs (Pt. Buchon MPA and White Rock MPA) exist; each has two designated subareas.  
Immediately northeast of the northern most proposed 3-D survey area are the White Rock 
Cambria State Marine Conservation Area (SMCA) and the Cambria SMCA.  Within the southern 
most proposed 3-D survey area and within the State 3-mile limit are the Point Buchon SMCA 
and Point Buchon State Marine Reserve (SMR). 

California Coastal Act.  The California Coastal Act of 1976 includes the following policies 
related to commercial and recreational facilities and opportunities. 

Section 30234 states, in part:  “Facilities serving the commercial fishing and 
recreational boating industries shall be protected and, where feasible upgraded.  
Existing commercial fishing and recreational boating harbor space shall not be 
reduced unless the demand for those facilities no longer exists or adequate 
substitute space has been provided.  Proposed recreational boating facilities 
shall, where feasible, be designed and located in such a fashion as not to 
interfere with the needs of the commercial fishing industry.” 

Section 30234.5 states, in part: “The economic, commercial, and recreational 
importance of fishing activities shall be recognized and protected.” 

State of California 2011-2012 California Ocean Sport Fishing Regulations.  Each year, 
the Fish and Game Commission issue regulations on the recreational fishing within the marine 
waters of the State of California.  These regulations specify season, size and bag limits, and 
gear restrictions as well as licensing requirements.  Following the development of the Marine 
Protected Areas, a section on fishing restrictions within the MPAs is also included. 

State of California Commercial Fishing Laws and Licensing Requirements.  Similar to 
the recreational fishing industry, commercial fishing is regulated by a series of laws passed by 
the State Fish and Game Commission and issued each year in a summary document.  
Seasonal and gear restrictions within the various Fish and Game Districts, licensing instructions 
and restrictions, and species-specific fishing requirements are provided in the document.  Most 
of the MPAs have commercial fishing restrictions (based on the designation of each area) which 
are also listed in the summary document. 

Closures of Commercial Fishing Season During Anticipated Survey Time Period.  As 
shown in Figure F-5, Calendar of Commercial Fishing Seasons 2010, some fishing for specific 
species may be closed during the proposed survey period (September through November 
2012).  The California spiny lobster season for 2009 and 2010 was closed mid-March through 
the first week of October, and opened on the first week of October.  The Dungeness crab 
season for 2009 and 2010 was closed July through November 15.  The spot prawn season for 
2009 and 2010 was closed May through July.  The pink shrimp season for 2009 and 2010 was 
closed November through March.  The red sea urchin season was closed every Friday, 
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Saturday, and Sunday for the months of June through October 2010 and similarly for 2011 
(Figure F-6). 

 

Figure F-5.  Calendar of Commercial Fishing Seasons 2010-2011 
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Figure F-6.  Red Sea Urchin Fishery Closure Dates 



 
Central Coastal California Seismic Imaging Project 
Appendix F - Fisheries Plan                            
 

 

F-22 

F.4 IMPACT ASSESSMENT 

As the Project is proposed, surveys are being targeted for September through December 
2012.  During this time period it is anticipated that commercial fishing would occur within the 
Project area with the exception of the closed commercial fisheries as described above. 

Preclusion of some commercial fishing areas due to the survey vessels is expected.  
Impacts are expected to be potentially significant due to the anticipated commercial fishing in 
the area, the large area affected and due to the estimated period of Project activities 
(approximately 52 days or 191 days).  Irrespective of the significance of the potential impacts, 
procedures will be instituted to reduce the possibility of negative effects on the commercial 
fishing industry as further described below. 

F.5 PROJECT-INCORPORATED MEASURES TO REDUCE POTENTIAL IMPACTS TO 
FISHERIES 

F.5.1 Notice to Mariners 

At least 14 days prior to in-water activities, PG&E’s contractor will submit a Notice to 
Mariners to the Eleventh District, U.S. Coast Guard (USCG) and, as required, to the Captain of 
the Port.  This notification will specify vessel and personnel contact information, scope of the 
proposed actions, location, and the anticipated duration of the activities. 

F.5.2 Posting of Notices 

A document that shows and describes the proposed activities will be posted at the 
Harbor Master’s office at the Morro Bay Harbor, Port of San Luis, and Monterey.  That 
document will provide information on the proposed activities, contact information for Project 
vessels and personnel, and will have a map depicting the ocean area affected.  

F.5.3 Fishing Gear Protection/Removal 

Prior to the start of survey operations, PG&E will provide notifications to all commercial 
fishers and organizations of the pending operation.  Notifications will include the location and 
timing of operations and a request that commercial fishers avoid the area for the duration of the 
survey.  PG&E will work with individual fishers and fishing organizations to address potential 
concerns regarding conflicts with planned fishing activities.  If a commercial fishing vessel is 
observed within the work area, the survey vessel captain will contact the vessel operator on 
Channel 16 and inform the skipper that survey are ongoing within the area.  If set gear is 
observed, the number on the buoy that marks the gear will be recorded and CDFG will be 
contacted to obtain information on the owner.  The contractor or CDFG will contact the owner 
and request the gear be removed until the 3-D survey is completed. 

F.5.4 Transit Routes and Temporary Mooring Locations 

Project vessels transiting to and from the Project area will use recognized vessel traffic 
routes to the extent feasible.  Stationary commercial fishing gear buoys will be avoided and 



 
Central Coastal California Seismic Imaging Project 
Appendix F - Fisheries Plan                            
 

 

F-23 

commercial vessels that are towing gear or are drift netting will be avoided in accordance with 
USCG clearance requirements. 

F.5.5 Day Shapes 

In accordance with USCG requirements and to alert nearby vessels, when the primary 
seismic survey vessel is towing the air gun array as well as the hydrophone streamers, the 
vessel will “fly” the appropriate USCG-approved day shapes and display the appropriate lighting 
to designate the vessel has limited maneuverability.  The turning radius may be limited to 5 
degrees per minute.  Thus, the maneuverability of the vessel is limited during operations with 
the streamers. 
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R/V Marcus G. Langseth Vessel Description

The R/V Marcus G. Langseth is a 235 ft, 3834 gross ton research vessel which is owned by the
National Science Foundation and operated by Lamont-Doherty Earth Observatory of Columbia
University.  Langseth replaces R/V Maurice Ewing , which ended a distinguished career in early
2005.

Langseth is classed by the American Bureau of Shipping as A-1 Baltic Ice Class IA and Coast
Guard inspected; certificated to carry a total of 55 personnel of which approximately 20 are the ship's
crew.

Originally constructed as a seismic vessel the Langseth was acquired in 2004, modified, and
outfitted to perform the tasks required of a general purpose research vessel. This includes hull
mounted 3.5 and 12 khz transducers and a Simrad 1x1 degree deep ocean multibeam swath bottom
mapping system.

Particularly unique to the academic research vessel are the Marcus Langseth's extensive
geophysical capabilites which include a Syntrak 960-24 seismic recording system with four 6km
solid-state hydrophone streamer cable and a 2000 psi, 40 pneumatic sound source array towed in
four " strings" that can be configured either as a single, 2D source or dual, alternating 3D source
arrays.

R/V Marcus G. Langseth began science operations offshore Costa Rica during February - March,
2008.

 

Specifications

Home
History
Contact

RV Langseth
Vessel Specs
Capabilities

For PIs
Chief Sci
Instructions
Cruise
Planning

http://www.ldeo.columbia.edu/res/fac/omo/history/ewing.html
http://faculty.gg.uwyo.edu/holbrook/Costa/MGL0804.html
http://www.ldeo.columbia.edu/res/fac/omo/index.html
http://www.ldeo.columbia.edu/res/fac/omo/history/index.html
http://www.ldeo.columbia.edu/res/fac/omo/contact.html
http://www.ldeo.columbia.edu/res/fac/omo/langseth/langsethspecs.html
http://www.ldeo.columbia.edu/res/fac/omo/langseth/langsethspecs.html
http://www.ldeo.columbia.edu/res/fac/omo/langseth/capabilities.html
http://www.ldeo.columbia.edu/res/fac/omo/planning/chiefsciinstr.html
http://www.ldeo.columbia.edu/res/fac/omo/planning/chiefsciinstr.html
http://www.ldeo.columbia.edu/res/fac/omo/planning/cruiseplanning.html
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Built: 1991 Speed Cruising: 11kts

Yard Built: Ulstein (Norway) Speed Full: 13kts

Length (LOA) 71.5m / 235 ft Speed working: 0-11 kts

Beam(moulded): 17.0m / 56 ft Endurance Job dependent

Draft(max): 5.9m/ 19.5ft Range 13,500 nm

Gross Tonnage: 3834 Fuel capacity 1340m3 (353760 gal)

Lightship Displacement: 2578.4 Fuel Type; Marine Gas Oil

Crew 20 Bollard Pull 86.2 mt

Scientific Personnel: 35 Laboratory, existing:  

Call Sign WDC6698 Seismic Lab 218 m2/ 2345 ft2

IMO Number; 9010137 Other labs  

Registration: NY3360FG Main Dk Stbd Dry Lab 53 m2/570 ft2

  Main Dk Stbd Wet Lab 57 m2/613 ft2  

  Main Deck Pt Dry Lab 54 m2/ 581 ft2

  A-Deck Fwd Dry Lab 22 m2/ 237 ft2

  A-Deck Aft Dry Lab 21 m2/ 226 ft2

    

Propulsion Geared Diesel Propeller 2 x Ducted Variable
Pitch

Main Engines 2 x Bergen BRG-6  Ulstein 4 blades

 2650kw /3550 hp (each) Rudder 2 x High Efficiency

Main Generators 2 x Shaft Generators  Becker Articulated

 1665 KVA each Seismic Air Source 2 x Ariel JGK4

Harbor Generator 1 x Diesel Generator 720
kw Seismic Air Capacity  2750 CFM @ 1950 psi

each

Bowthruster 1 x Tunnel 590 kw/ 800 hp   

    

Ownership The National Science Foundation

Operator Lamont-Doherty Earth Observatory of Columbia University

Classification: ABS- A-1, Ice Class 1C, AMS  

 

 

Science Equipment

MCS Acquisition Syntrak 960-24
SSI Seisnet active tape emulation

Hydrophone arrays Sentry solid cable
12.5 meter groups
150m sections
up to four towed
separation 50 - 200 meters

Source Arrays 4 x 10 gun strings
9 active, one spare / string
15 meter string length
1650 cu. In. per string
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Source Controller DigiShot

MCS geometry sensors Digicourse 5011 Compassbirds
Sonardyne SIPS1
Tailbuoy GPS
Source GPS (1 per string)

MCS Navigation Concept Systems, Ltd Spectra, Sprint, Reflex

MCS QC Syntrak
SeisNet
ProMaxx
Focus
SIOSeis

Communications HighSeasNet
Inmarsat Sailor 500 FleetBroadband
Iridium Sailor Satellite Phone

Multibeam / Echsounder Kongsberg EM122 1° x 1°
Knudsen 3260 Echosounder

Marine Mammals Observation/
Mitigation

Passive Acoustic Monitoring Streamer
2 x Fujinon Big Eye Binoculars

General Bell BGM-3 Gravimeter
Geometrics 882 Magnetometer
RDI 75KHz ADCP
Stbd Side A frame
Telescoping Stern Boom
Sippican Mk21 Expendable Probe Launcher
Teflon-lined Uncontaminated Seawater System
Seabird SBE21 Thermosalinograph
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1. VESSEL  
  
1.1. VESSEL GENERAL  
Name Seisquest 
Operator Fugro-Geoteam AS 
Owner Seisquest ANS 
Seismic Management Fugro Norway Marine Services AS 
Maritime management Wilhelmsen Ship Management 
Type 3D seismic survey vessel 
Port of registration Bergen 
Flag Norway 
Class DNV 
Class registration no. 20281 
 1A1 HELDK E0 
Call sign LDIA 3 
IMO  8805626 
MMSI  257156000 
Year built/rebuilt 1991/ upgraded 2001 
Length overall 91.6 m 
Breadth 18 m 
Draught 6.3 m 
Tonnage 6262 gross tons, 1878 net tons 
Cruising speed 10.5 knots 
Operation range 1000 nmi 
Endurance seismic days max. load 60 days. Fully equipped for offshore refuelling 
Main engine RR B32:40L8P, 4000 kW, 750 rpm, coupled to shaft via 

reduction gearbox, type 3000 AGSC. 
El. motor, 2000 kW, coupled to PTO at gearbox 

Gearbox Ulstein Propeller 3000AGSC KP 560 
Propulsion 1 ducted propeller aft, max 4300 kW, rpm abt. 121. 50 ton 

towing pull @ 5 knots. 
2 ducted propellers at frame 70. Max 1000 kW each 360o 
turnable compass thrusters 

Rudder Ulstein High Lift Rudder 
Steering gear Tenfjord AS 
Azimuth thruster 1 off. gen. set 2200 kW. 

Engine KVG 12, 750 rpm. generator A. van Kaick 380V 50 
Hz. 
1 off. gen. set 1.500 kW CAT 3512 BTA+Stamford 
Generator HCM 734H-2, 3x280V, 50hZ. Installed Nov 03 

Bow thruster 1 x 850 kW Brunvoll (electric), variable pitch, type SPX-
VP/QOV 500 DB 6 

Main engine monitoring Autronica KD 30 E-O 
Electrical power 2 x gen. set engines: KVG12, each 2200 kW, 750 rpm 

Generators: ABB-Strømberg, 380V, 50 Hz 
 
1 x gen. set engines: KVG12 2200 kW , 750 rpm 
Generators: AVK 380 V, 50 Hz 
 
1 x gen. set Cat 3512 BTA 1257kW, 1500 rpm 
Generator: Stamford 380V, 50 Hz 
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1 x gen. set Cat 3412 431 kW 380 V, 50 Hz, 1500rpm 
 
1 x gen. set engine: KVG 12, 2200 kW, 750 rpm 
Generator: A.van Kaick 380V, 50 Hz 

Emergency generator 1 x gen.set Lister/Stamford 230V/50hz kva 75 1500 rpm 
1 X gen.set Lister/Stamford 380 V/50hz kva 75 1500 rpm 

Clean power 8800 kW 
Fuel capacity 2200 m³ marine diesel oil 
Fuel consumption 25 m³/day during production 
Fresh water capacity 200 m³ 
Fresh water consumption 12-15 m³/day 
Fresh water generator 1 x Aquamar Desalinator AQ-12/16, max  6 t/day 

1 x Nirex JWP-26-C80. Capacity15 m³/day 
Grey water 26 m³ 
Bilge water 22 m³ 
Sludge 21 m³ 
Lube oil 22 m³ 
Dirty oil 25 m³ 
Stabilising system N/A 
Deck machinery  
 Crane Forward, forecastle deck: 1 x Hydralift SWL 2t, 15 m radius 

Aft, bridge deck: 1 x Hydralift SWL 9t, 16 m radius 
 Winch 2 capstan fwd and 2 capstan on gun deck aft 
 Odim Winch Spooling rack w/hydraulic power pack 
Hydraulic power pack 5 x 200 kW hydraulic pumps w/8500 l reservoir 
Accommodation  50 
Galley store 7 
Mess 1 + dirty/night mess 
Day room 2 
Exercise room Yes 
Air condition 2 main units + ass. split units 
Helicopter landing zone D = 22.2 and weight = 9.3 t 
 
 
 
 
1.2. VESSEL NAVIGATION AIDS  
Auto Pilot Robertson Multipurpose Pilot 
GPS Furuno GPS Navigator GP-150 
Differential GPS Philips AP navigator MK 10 DGPS Professional 
Radar no. 1 Furuno FAR 2825 – ARPA X-Band, 10 cm 
Radar no. 2 Furuno FAR 2835S – ARPA S-Band, 3 cm 
Radar no. 3 Furuno FAR 2137 – ARPA S-Band, 3 cm 
Gyro no. 1 SG Brown Meridian Surveyor 
Gyro no. 2 SG Brown Meridian 
VHF direction finder Taiyo TD-L 1550A 
Wind sensor Kongsberg Seatex HMS100 

Observator Obsermet OMC-139 wind display  
Navigation echo sounder Skipper GDS 101 
Electronic chart ProNav CS-300 
Navtex Furuno NX-500 
 
 



 

M/V Seisquest Updated 06 Oktober 2010 Page 5 of 9 
 

 

 
1.3. VESSEL COMMUNICATION  
Inmarsat 1 x Inmarsat mini M NERA 

1 x Inmarasat C Sailor H 2095 B 
1 x Inmarsat C Sailor TT-3020C 

VHF stationary 1 x Sailor RT2048 
1 x Sailor RT2047 
1 X Sailor RT5022 

VHF portable 3 X Motorola MX 1000 
3 x Tron GMDSS VHF 

UHF portable 13 x Motorola GP 340 
10 x Motorola GP 344 

VHF helicopter communication 5 x FSG 5 VHF/AM portable units 
2 x TR-6101 AM transceivers  

Non-directional beacon Skanti TU 8250 B, 410khz 
Internal communication Vingtor Intercom and Enitel phone system  
Telephone numbers  
            Bridge  +47 23 25 42 81 
 Captain +47 23 25 42 83 
 Party Chief  +47 23 25 42 82 
 Client +47 23 25 42 84 
 Cell phone bridge +47 48 07 66 23 
 Inmarsat bridge  +870 762 842 821 
Internet access  Via V-SAT 
E-mail addresses  
            Captain seisquest@forlandship.no 

Party chief pc@seisquest.fugro.geoteam.no 
            Client client1@seisquest.fugro.geoteam.no 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:captain-forland_seisquest@veritasdgc.com�
mailto:pc@seisquest.fugro.geoteam.no�
mailto:client1@seisquest.fugro.geoteam.no�
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1.4. VESSEL SAFETY  
Safety manning level 12 
Lifeboat  Jørgensen & Vik, 1x32 persons 
Inflatable life rafts RFD to SOLAS requirements 

4x25 persons + 1x16 persons + 1x12 persons 
FRC Norsafe Magnum 750 
Workboat  Westplast WP950; twin installation water jets, twin 

streamer winches  
Survival suits 57 (Aquasuit Mk 84, Aquasuit Mk 90, HH N6 Nordic) 
Life jackets 111 x T Vesten Model 87 
Life rings 4 x Comet for MOB w/light and smoke  

4 x w/lines 
7 x w/lights 

Smoke hoods 54 x Drager EN 403-M 
Work vest 1 x Regatta challenger offshore 150  
FRC vest   4 x Crewsaver Seafire 

15 x Crewsaver 275N 
Emergency radios 3 x JotronTron GMDSS VHF 
Emergency beacons 2 x Jotron EPIRB  
Radar transponders 2 x Jotron Tron SART 
Fire detection system Auronica 
Fire pumps 2 GS pumps + emergency fire pump 
Fire suits 9 x Brann FF clothing 

3 x Viking safety equipment 
CO2 systems 1 x 5 kg in galley duct 

1 x 6.8 kg in galley duct 
Foam deluge systems SABO AFFF foam, capacity 2000 l covering 

compressor room, steering gear room, aft casing 
port side helideck 
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2. SEISMIC  
  
2.1. SEISMIC RECORDING INSTRUMENT  
Type Sercel Seal, 24 bit digital system 
Number of channels Max 8 x 480 ch @ 2 ms sample rate 6000 m 

Max 3840 ch total @ 2 ms 
Number of waterbreaks Waterbreak not used  
Auxiliary channels 36 channels, expandable to 60, ch 1-24 not in use  
Sample rate ¼, ½, 1, 2 and 4 ms 
Filters  
 Low cut Analogue 3 Hz @ 6 dB/octave 

Digital 2.0 to 15Hz (0.5Hz) at 6dB/octave 
 High cut 0.8 x Nyquist, linear or minimum phase: 

0.25 ms: 1600 Hz, 370 dB/octave 
0.5 ms: 800 Hz, 370 dB/octave  
1 ms: 400 Hz, 370 dB/octave 
2 ms: 200 Hz, 370 dB/octave 
4 ms: 100 Hz, 370 dB/octave 

Recording format SEG-D version 1.2 
Recording medium 4 x IBM 3590E or 3592 
QC System All QC data, QC plots – AGC or fixed gain, 

harmonic distortion analyses, noise analyses, 
spectral analyses  

On-line display Veritas 24” plotter 
 
 
 
 
2.2. STREAMER  
Type Sercel Sentinel solid streamer  
Length Max 8 x 6000 m 
Available group interval 12.5 m (any multiple can be made in software) 
Section length 150 m 
Groups pr. section 12 
Hydrophone type Sercel Flexible Hydrophone  
No. of hydrophones/group 8 hydrophones 
Streamer diameter 59.5 mm 
Streamer sensitivity 19.73 V/bar @ 12.5m group spacing 
Fault locator Sercel Seal 
Compasses ION Model 5011 Compass Bird 
Streamer control ION DigiFIN 

ION Model 5011 Compass Bird 
Acoustics ION DigiRANGE II 
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2.3. ENERGY SOURCE  
Type Sodera G-gun 
Size of guns 40, 70, 100, 150 and 250 cu. inch 
Max volume Please refer to separate figure 
Maximum output @ 5 m depth, 0-128 Hz 93.3 barm  
Number of sub-arrays 6 
Configuration Dual source 
Tow width Adjustable 25 to 75 meter 
Firing control Seamap Gunlink 4000 
QC Seamap Gunlink 4000 
Depth transducers On every gun cluster 
Tow system Flexible Baro floats 
Offset Typically 160 m with 8 streamers, 100 m separation 
Compressors 3 x LMF, each 1500 SCFM 
Compressor capacity 3000 SCFM (1 compressor always spare)  
Air pressure 2000 psi 
  
 
 
 
 
2.4. NAVIGATION EQUIPMENT  
On-line Navigation System Concept Systems Orca 
Primary Navigation Fugro Skyfix-XP DGPS with Multifix software 
Demodulator Starfix  4100LRS 
GPS receiver Novatel 
Secondary navigation Fugro Starfix.HP DGPS with SPM software 
Demodulator Skyfix decoder 
GPS receiver Trimble MS 750 dual frequency 
Tailbuoy tracking Kongsberg Seatex Seatrack 220 RGPS 
Gun array tracking Kongsberg Seatex Seatrack 320 RGPS 
Gyro 2 x SG Brown Meridian 
Motion sensor SG Brown TSS DMS-10 
Echosounder Kongsberg Simrad EA600 
Echosounder transducer 120-25-E 120 khz 1 kW, 800 m range 

12-16/60 12 khz 2 kW, 10 000 m range 
Acoustic doppler profiler RDI Mariner 600 kHz 
CTD / SVP probe Valeport Midas SVX2 
Streamer mounted speed log ION Model 7500 Speed Log 
Streamer mounted velocity meter ION Model 7000 Velocimeter 
Acoustics Digicourse Digirange II 
Streamer positioning ION Model 5011 Compass Bird 

ION DigiRANGEII acoustics 
Navigation processing Concept Systems Sprint 

Concept Systems NRT 
Binning Concept Systems Reflex 
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2.5. ONBOARD PROCESSING 
 
Hardware 

 
16 x 2 quad core CPU nodes HP BLc7000 Linux 
cluster (total 128 CPUs), 24 GB RAM per node 
4 HP Proliant DL580G5 servers, 4 x quad core 
CPUs, 32 GB RAM per server 
4 x dual monitor HP Z400 work stations 
88 TB disk space 

Software SeisQC 
FSI Uniseis 0901 
64 bit RedHat Enterprise 4 Linux 

Capabilities Real time link to acquisition 
Tape drives 4 x IBM Magstar  3590E 

4 x IBM Jaguar-2 3592  
Large monitor 52’’ monitor 
Data compression software Aware Seispact v 3.61 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fugro-Geoteam  
P.O. Box 490 Skøyen, 0213 Oslo, Norway. Tel:+ 47 22 13 46 00  

E-mail : geoteam@fugro.com   Web page: www.fugro-geoteam.com 

mailto:geoteam@fugro.com�
http://www.fugro-geoteam.com/�
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1. VESSEL  
  
1.1. VESSEL GENERAL  
Name R/V Geo Pacific  
Operator Fugro-Geoteam AS 
Owner Fugro Geo Pacific Inc 
Seismic Management Fugro Norway Marine Services AS 
Marine management GC Rieber Shipping AS  
Type 3D seismic vessel 
Port of registration Majuro 
Flag Marshall Islands 
Class DNV 
Class registration no 20281 
Class notation 1A1 HELDK SH 
Call sign V7MV9 
IMO  8408973 
MMSI  538002914 
Year built/rebuilt 1987 /1998 /2003 
Length overall 81.85 m 
Breadth 14.8  
Draught, loaded 5.7 m 
Tonnage 4582 gross tons, 1375 net tons 
Cruising speed 8.5 knot 
Operation range 70 days cruising, 16000 nmi 
Endurance seismic days max load 50 days 
Main engine Zgoda-Zulcer, type 6ZL 40/48, 4200 HP (3090 Kw) 
Gearbox Zamen MA90-10, ratio 505/222,6 
Propulsion Zamen, controllable pitch, LN 13 NM, 4 blade 

stainless steel 
Rudder Traditional w fishtail 
Steering gear Zamech M200-11-2 
Azimuth thruster Ulstein, 2040 HP (1500 kW) 
Bow thruster Electrical, 300 HP 
Main engine monitoring Polish 
Electrical power Total power 4620 kW)  

Voltage: 3 x 380 (220) VAC, 50 Hz. 
Shaft generator: 1 x 1200 kW  
Generator: Wartsila 6L20: 2 x 1140 kW) 
Mitsubishi: 1 x 1140 kW) 

Emergency generator Elmor 125 kW 
Clean power INV SitePro 60 kVA UPS 
Fuel capacity 1568 m3  (90% = 1400 m3) 
Fuel consumption Sailing 22 t, production 28 t, port 3 t/day 
Fresh water capacity 207 ton 
Fresh water consumption 10 t/day 
Fresh water generator Full speed 10 t, production 10 t, port 1 t/day 
Sewage treatment plant Gertsen & Olufsen AS model MBR 60BG 
Incinerator Team Tech AS, built 2004 
Black water N/A 
Grey water 10 m3 
Bilge water 12 m3 
Sludge 47 m3 
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Waste water N/A 
Lube oil 18 m3 
Dirty oil 12 m3 
Stabilising system Yes 
Deck machinery Winch and crane 
 Crane 8 ton, 16 m max, 2.5 m min, aft deck. 

1 x provisions crane front deck 
 Winch Streamer, 8 x 6000 m  

Spare streamer, 6500 m + 2 x 3000 m  
Gravity/FF 

 Paravane 3 x Barovane 46 
 Gate valve 2 x 300 mm id to open deck 
Hydraulic power pack Odim 4 x 100 kW,  4 x 225 l/min, 250 bar 
Accommodation Single cabins:  24 

Double cabins: 22 
Total capacity:             60  

Galley store Deep freezer: 16.2 + 12.2 m3 
Cool room 14.1 + 21 m3 
Dry store: 28.5 m3 
Vegetable: 13.5 m3 

Mess Seating capacity 36. Size 42 m2 
Day room 17.2 m2 and 15.9 m2 
Exercise room 20.7 m2 
Air condition Tropical 
Helicopter landing zone Superpuma 9.8 ton, D-rating 19.5 m 
  
 
 
 
1.2. VESSEL NAVIGATION AIDS  
Auto pilot Robertson AP-9 MK3 

Robertson Autotrack ST5500 
GPS Furuno GP80 + DGPS 150 
Differential GPS Starfix MN8 DGPS 
Radar no.1 Furuno FAR-28375 ARPA S-band, 3 cm 
Radar no. 2 Furuno FR 2110 ARPA X-band, 10 cm 
Radar no. 3 Maris 
Gyro no. 1 SG Brown Meridian Surveyor 
Gyro no. 2 SG Brown Meridian Surveyor  
Speed log 1 x Ben Marine Anthea 

1 x Log IEL-2M  
VHF direction finder Furuno FD-527 
Wind sensor Aanderaa 3017; wind speed and direction, plus 

display 3400K 
Navigation echo sounder FCV 110L 
Electronic chart Maris ECDIS 900 
Navtex Lo-Kata 
Weather fax Furuno Dfax 
Helicopter Monitoring System Fugro Oceanor 
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1.3. VESSEL COMMUNICATION  
GMDS A1, A2 and A3 

INMARSAT C – Furuno Felcom 15 
MF/HF radio Furuno FS2570 (250W) 
Sailor TT-3606E display unit 

Fixed satellite line Telenor Sealink, NorSat high speed satellite 
communication link 

Inmarsat Nera Saturn B; phone, high speed data modem 64 
kb and fax 

VHF stationary 2 x Sailor RT 5022, DSC VHF radio room and 
bridge 
2 x Sailor RT-2048 bridge 
2 x Sailor RT-2048 instrument room 

VHF portable 3 x Entel HT series 
3 x Sailor SP3110 

UHF portable 5 x Motorola GP 320/GP340 
1x  Motorola fixed on the bridge 

UHF helicopter communication 1 x Jotron TR-6102 fixed 
1 x Jotron TR-710 fixed 
1 x  ICOM IC-A3 portable 

Non-directional beacon ND50011, 125 w radio beacon transmitter 
Internal communication Stationary all rooms 
Telephone numbers  
            Cell phone captain + 47 40 49 31 45 
 Inmarsat bridge + 871/873 353 846 869 
 Inmarsat FGAS + 871/873 325 744 910 
            NorSat bridge  + 47 23 25 42 61 
 NorSat party chief + 47 23 25 42 62   
 NorSat captain + 47 23 25 42 63 
 NorSat client + 47 23 25 42 64 
Internet access via NorSat 10 networked PCs including client office 
WAN Com box and Cisco router 
E-mail addresses  
           Captain master.pacific@gcrieber-shipping.no 
           Party Chief pc@pacific.fugro.geoteam.no 
           Client client@pacific.fugro.geoteam.no 

client1@pacific.fugro.geoteam.no 

mailto:master.pacific@gcrieber-shipping.no�
mailto:pc@pacific.fugro.geoteam.no�
mailto:client1@pacific.fugro.geoteam.no�
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1.4. VESSEL SAFETY  
Safety manning level 60 persons 
Rescue / FRC Norsafe, 750 Magnum 
Workboat / MOB boat Norpower 25 ‘ 
Inflatable life rafts 4 x RDF, 25 persons 

2 x RDF, 16 persons 
2 x Viking, 25 persons 

Man overboard life raft 4 x Jonbuoy Autofluge 4 persons  
Survival suits 64 Helly Hansen NG-Nordic 
Life jackets 80 
Life rings 12 
Smoke hoods 60 
Work vest 8 x CrewSaver Seafire 

5 x Challenger offshore 150 
Emergency radios 3 x Sailor VHF SP3110 
Emergency beacons 2 x Jotron Tron S40  
Radar transponders 2 x Jotron Tron SART 
Fire detection system Consilium Marine Salwico C300 
Fire pumps 2 x 100 t/min  

1 x 40 t/min  
Fire fighting self contained breathing 
apparatus 

6 

CO2 systems Covering engine room, emergency generator room 
and compressor room, galley and paint store 

Foam deluge systems 2 x helicopter deck monitors 
Fixed nozzle type covering streamer winch and 
spare streamer winches 

Lg. Portable foam extinguishers Helicopter deck, engine room and compressor room 
CCTV system 7 colour cameras 

     Top of nav mast looking down on helideck 
     Port and starboard bridge wings 
     Port and starboard cable deck 
     Port and starboard gun deck 
Remote control monitors on bridge and instrument 
room, slave displays in PC and Captain’s cabins  
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2. SEISMIC  
  
2.1. SEISMIC RECORDING INSTRUMENT  
Type Sercel Seal, 24 bit digital system 
Number of channels Max 8 x 480 ch @ 2 ms sample rate 6000 m 

Max 3840 ch total @ 2 ms 
Auxiliary channels 36 channels, expandable to 60  
Sample rate ¼, ½, 1, 2 and 4 ms 
Filters  
 Low Cut Analogue 3 Hz @ 6 dB/octave 

Digital 2.5 to 15Hz (0.1Hz) at 6dB/octave 
 High Cut 0.8 x Nyquist, linear or minimum phase: 

0.25 ms: 1600 Hz, 370 dB/octave 
0.5 ms: 800 Hz, 370 dB/octave  
1 ms: 400 Hz, 370 dB/octave 
2 ms: 200 Hz, 370 dB/octave 
4 ms: 100 Hz, 370 dB/octave 

Recording format SEG-D, ver 1 (8058) 
Recording medium 4 x IBM 3590E or 3592 
Raid system Argus  
QC system All QC data, QC plots – AGC or fixed gain, 

harmonic distortion analyses, noise analyses, 
spectral analyses  

On-line  display Isys model V24 
Single channel recorder N/A 
  
 
 
 
 
2.2. STREAMER  
Type Sercel Sentinel solid streamer  
Length Max 8 x 6000 m 
Available group interval 12.5 m (any multiple can be made in software) 
Section length 150 m 
Groups pr. section 12 
Hydrophone type Sercel Flexible Hydrophone NH-96-250  
No. of hydrophones/group 8  
Streamer diameter 59.5 mm 
Streamer sensitivity 19.73 V/bar 
Fault locator Sercel Seal 
Compasses ION Model 5011 Compass Bird 
Streamer control ION Model 5011 Compass Bird 

ION DigiFIN lateral bird (12 per cable) 
Acoustics Sonardyne SIPS2 
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2.3. ENERGY SOURCE  
Type  Sodera G-gun 
Size of guns 40, 70, 100, 150 and 250 cu. inch 
Max volume 2 x 3460 cu. inch 
Maximum output @5 m depth, 0-128 Hz 93.3 barm  
Number of sub-arrays 6 
Configuration Dual source 
Tow width Adjustable 37.5 to 75 meter 
Firing control Seamap GunLink 2000 
QC Seamap GunLink 2000 
Depth transducers 6 x 2 
Tow system PE float on duplex steel structure 
Offset Typically 150 m with 6 streamers, 100 m separation 
Compressors 3 x LMF, each 1100 SCFM 
Compressor capacity 3300 SCFM  
Air pressure 2000 psi 
 
 
 
 
2.4. NAVIGATION EQUIPMENT  
On-line navigation system Concept Systems Orca 
Primary navigation Fugro Skyfix-XP DGPS with Multifix software 
Demodulator Starfix  4100LRS 
GPS receiver Fugro Starpack  
Secondary navigation Fugro Starfix.HP DGPS with SPM software 
Demodulator Starfix  4100LRS 
GPS receiver Trimble MS 750 dual frequency 
Tailbuoy tracking Kongsberg Seatex Seatrack 220 RGPS 
Gun array tracking Kongsberg Seatex Seatrack 320 RGPS 
Gyro SG Brown Meridian Surveyor 

SG Brown Meridian Surveyor  
IXSEA Octans III 

Motion sensor IXSEA Octans III 
Echosounder Simrad EA500 
Echosounder transducer 12-16/60:12 kHz, 2 kW, 2500 m range  

38-7: 38 kHz, 2kW, 1500 m range 
120-25-E: 120 kHz, 1 kW, 800 m range 

Acoustic doppler profiler Nortek ADP 
CTD / SVP probe Valeport 650 Mk 1 
Moving vessel profiler On the chase boat 
Streamer mounted velocity meter Sonardyne SIPS2 XSRV/SV 
Streamer mounted speed log ASV 
Streamer positioning ION Model 5011 Compass Bird 

Sonardyne SIPS2 acoustics 
Navigation processing Concept Systems Sprint 

Concept Systems NRT 
Binning Concept Systems Reflex 
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2.5. ONBOARD PROCESSING 
Hardware 

 
2 × HP Proliant DL580G4 servers 
      4 x 7140 DualCore Xeon processors 
      16GB RAM 
      2 x 72GB mirrored system disks 
3 × HP xw6400 Workstations 
      2 x Intel Xeon 5130 4MB Dual Core processors 
      4GB RAM 
      Nvidia Quadro FX4600 Graphics adapter 768MB 
      2 x 500GB disk 
      2 x 24” flat panel monitors 
8 x HP StorageWorks MSA60 disk array 
      22 Tb total data storage capacity 
      RAID data protection 
Eltron TLP2046 Label Printer 

Software SeisQC 
FSI Uniseis 0901 
64 bit Linux RedHat Enterprise 4  

Capabilities Real time QC 
Full 3D QC processing 
Fast track full processing up to and including 
migration 

Tape drives 4 x IBM Magstar 3590E (two with automatic loaders) 
4 x IBM Jaguar-2 3592  

Plotters OYO GS 636-2 thermal plotter 
Data compression software Aware Seispact 3.61 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fugro-Geoteam  
P.O. Box 490 Skøyen, 0213 Oslo, Norway. Tel:+ 47 22 13 46 00  

E-mail : geoteam@fugro.com   Web page: www.fugro-geoteam.com 
 
 

mailto:geoteam@fugro.com�
http://www.fugro-geoteam.com/�
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1. VESSEL  
  
1.1. VESSEL GENERAL  
Name Geo Natuna  
Owner Swire Pacific Offshore Operations (Pte) Ltd 
Operator Fugro Geoteam / Swire Pacific 
Seismic management Fugro Norway Marine Services AS 
Maritime management Swire Pacific Offshore Operations (Pte) Ltd 
Type 3D Seismic survey vessel 
Port of registration Singapore 
Flag Singapore 
Class ABS, 100 A1, DP II,  
Class registration no. ABS ID:  ABSID:07168026 
Call sign S6BK6 
IMO no. 9437373 
MMSI 565496000 
Year built 2007  
Length overall 69.9 m 
Breadth 16.6 m 
Draught, loaded 5.8 m 
Tonnage 4856.6 t displacement 
Cruising speed 12 knots 
Operation range > 70 days cruising 
Endurance seismic  > 30 days  TBC 
Main engine Nigata Marine Diesel, 6L28HX, 2 x 2,500 HP, 750 

RPM 
Propulsion 2 sets of Nigata ZP-41A azimuth thrusters 
Azimuth thruster HRP retractable azimuth thruster 
Bow thruster 1 x transverse tunnel thruster giving thrust of approx. 

6 t to be driven by 440 KW electric motor. 
1 x retractable azimuth thruster giving a thrust of 
approx. 8 t, to be driven by 470 KW at 1500 RPM. 

Electrical power 4 units diesel driven alternators, each 470 kW 
(440V/3/60Hz)  

Emergency generator 1 unit Volvo Penta diesel driven 
Fuel capacity 736 m3   
Fuel consumption 25 m3 at max configuration. 
Fresh water capacity 350 m3 
Deck machinery:   
       Streamer winches 4 x streamer winches each 6000 m (59 mm solid 

Sentinel) 
        Gun winches 3 x double drum gun winches each capable of holding 

400 m gun umbilicals 
       Auxiliary winches 5 x auxiliary winches each 5 mt SWL 

9 x auxiliary winches each 2.5 mt SWL 
       Barovane / superwide winches 2 x 20 t superwide winch each capable of holding 700 m 

SK62 32 mm rope 
Accommodation 16 x single cabins:   16 persons 

14 x double cabins:  22 persons 
3 x 4 berth cabins:   12 persons 
Total capacity:         50 persons            

Instrument room 100 square metres  
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Additional seismic areas Gun shack  
Bird storage area 

Helideck Bell 412 helicopter 
D-Value 18.0 m 

  
 
 
 
 
1.2. VESSEL NAVIGATION AIDS  
Auto Pilot cJoy ST Autopilot, seismic tracking system 
GPS 2 x DGPS, Trimble DSM 132 
Differential GPS Skyfix XP & Starfix HP 
Radar no.1 Furuno FAR-2828 
Radar no.2 Furuno FAR-28375 
Gyro no. 1 SG Brown Meridian Surveyor + 3  x TG 8000/8500 
Gyro no. 2 SG Brown Meridian Surveyor 
Speedlog Simrad Skipper EML 224 + Furuno DS 80 
VHF direction finder N/A 
Wind sensor Aanderaa 3017 speed, direction and temperature, 

Fugro Oceanor HMS + 2 x Young wind tracker 
Echo sounder Furuno FE-700 
Electronic chart Telchart V 3 
Navtex Furuno NX-500 
 
 
 
 
1.3. VESSEL COMMUNICATION  
GMDSS Full system, area A3 Furuno 1800T 
GSM Phone 
WAN Data modem  
M/F, H/F Furuno  
VHF stationary Furuno 
VHF portable Motorola 
UHF portable Motorola 
UHF helicopter communication Jotron 
Non-directional beacon Yes 
Watchkeeper Full GMDSS 
Internal communication Stationary all rooms. 
High speed satellite link Telnor SeaLink C band 9707-70 
Inmarsat satellite phone Sailor Fleet 77  
Telephone numbers:  
       Bridge +47 22 13 23 80/81 
       Party Chief +47 22 13 23 82  
       Inmarsat +871 456 549 610 
E-mail addresses:  
       Party Chief pc@natuna.fugro.geoteam.no 
       Client client1@natuna.fugro.geoteam.no 

 

mailto:pc@natuna.fugro.geoteam.no�
mailto:client1@natuna.fugro.geoteam.no�
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1.4. VESSEL SAFETY  
Safety manning level 50 persons 
Life rafts 6 x 25 men inflatable liferafts SOLAS 74 
Fast rescue craft Norsafe 7.5m Magnum Fast Rescue Craft 
Seismic work boat Westplast : 9.6m W: 4.4m H: 4m 

4 person twin Yanmar engines and waterjets 
Man overboard liferaft   2 x 6 man life-rafts (2 x Jonbuoy as backup) 
Survival suits 100 % (50) 
Life jackets 100 % (50) + 4 spare SOLAS approved 
Life rings 8 
Smoke hoods EEBD 
Work vest Crewsaver + Billy Pugh 
Emergency radios Mc Murdo R2 GMDSS 
Emergency beacons 1 x McMurdo E3 EPIB  
Radar transponders 2 x Jotron TronSart 
Fire detector system Minerva Marine 1016 
Fire pumps 2 x 1800 m3 

Fire pumps driven by main engine 
Fire suits 4 
CO2  systems Engine room 
CO2 systems Compressor room  
Foam systems Streamer deck, helideck 
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2. SEISMIC  
  
2.1. SEISMIC RECORDING INSTRUMENT  
Type Sercel Seal, 24 bit digital system 
Number of channels Max 4000 
Number of waterbreaks N/A 
Number of auxiliary 36 channels, expandable to 60  
Sample rate ¼, ½, 1, 2 and 4 ms 
Filters:  
 Low cut Analogue 3 Hz at 6 dB/octave 

Digital 2.5 to 15Hz (0.1Hz) at 6dB/octave 
 High cut 0.8 x Nyquist, linear or minimum phase: 

0.25 ms: 1600 Hz. 370 dB/octave 
0.5 ms: 800 Hz. 370 dB/octave  
1 ms: 400 Hz, 370 dB/octave 
2 ms: 200 Hz, 370 dB/octave 
4 ms: 100 Hz, 370 dB/octave 

            Delay 0 
Recording format SEG-D, ver. 1 (optionally ver. 2.1 after patching)  
Recording medium 2 X IBM 3592 
Raid system 6TB raid disk 
QC system All QC data, QC plots – AGC or fixed gain, 

harmonic distortion analyses, noise analyses, 
spectral analyses  

On-line display Veritas 24” plotter 
Single channel recorder N/A 
 
 
 
 
2.2. STREAMERS  
Type Sercel Sentinel solid streamer 
Max. length Max: 1 x 12000m, 4 x 7650m, 6 x 5100m 
Available group interval 12.5 m (any multiple can be made in software) 
Section length 150 m (and stretch sections – 25m) 
Groups pr. section 12 
Hydrophone type Sercel flexible hydrophone 
No. of hydrophones /group  8  
Streamer diameter 59.5 mm 
Streamer sensitivity 19.73 V/Bar 
Streamer group capacitance 278 nF 
Fault locator Sercel Seal 
Compasses ION Model 5011 Compass Bird 
Streamer control ION DigiFIN 

ION Model 5011 Compass Bird 
Acoustics ION DigiRANGE II 
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2.3. ENERGY SOURCE  
Type Sodera G-gun mounted on 18 inch flexible float 
Size of guns 60 to 250 Cu. Inch arranged in parallel clusters 
Typical volume 2 x 3590 dual source  
Maximum output 6 m depth. 0-206 Hz TBS  
Number of sub-arrays Up to 6 
Configuration Single, dual or dynamic single source 
Tow width 18.75 m - 100 m dual, 10-100 m point source  
Source positioning Acoustics and RGPS 
Firing control Seamap GunLink 2000 
Depth transducers 3 on each array 
Nearfield hydrophones 1 per cluster (6 clusters per sub array) 
Tow system Barovane No 44 (4m foils x 4) 
Offset Config. dependent, however normally < 110 m  
Compressor 3 x Ariel compressors, each 1400 SCFM @ 2000 

psi driven by 3 CAT3512 DITA engines 
Compressor capacity 3900 SCFM @ 2000 psi 
Pressure 2000 psi  
 
 
 
 
2.4. NAVIGATION EQUIPMENT  
On-line navigation system Concept Systems Orca 
Primary navigation Fugro Skyfix-XP DGPS with Multifix software 
Demodulator Starfix 3000 
GPS receiver Ashtech Z-Eurocard 
Secondary navigation Fugro Starfix.HP DGPS with SPM software 
Demodulator Starfix 3000 
GPS receiver Ashtech Z12, L1/L2 
Tailbuoy type Partnerplast 900L V2 Yellow 
Tailbuoy tracking Kongsberg Seatex Seatrack 220 RGPS 
Gun array tracking Kongsberg Seatex Seatrack 320 RGPS 
Gyro  2 x SG Brown Meridian Surveyor 

Tokimec TG-800 x 2 (bridge) 
Echosounders Simrad EA 600 

Skipper GDS101 
Echosounder transducers Simrad 18/38/200 kHz 
Acoustic doppler profiler Fugro GEOS Seis ADCP 
SVP/CTD probe Valeport Midas SVX2 6000 
Streamer mounted speed log Digicourse 
Streamer mounted velocity meter Digicourse 
Streamer positioning ION Model 5011 Compass Bird 

ION DigiRANGEII acoustics 
Navigation processing Concept Systems Sprint 

Concept Systems NRT 
Binning Concept Systems Reflex 
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2.5. ONBOARD PROCESSING 
Hardware 

 
16 x 2 quad core CPU nodes HP BLc7000 Linux 
cluster (total 128 CPUs), 16 GB RAM per node. 
3 HP Proliant DL580G5 servers, 4 x quad core 
CPUs, 32 GB RAM per server. 
3 x dual screen HP xw6600 work stations. 
33 TB disk space 

Software SeisQC 
FSI Uniseis 0901 
64 bit RedHat Enterprise 4 Linux 

Capabilities Real time link to acquisition 
Tape drives 4 x IBM Jaguar-2 3592  
Plotters 2 x 30 in high resolution monitors 
Data compression software Aware Seispact v 3.61 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fugro-Geoteam  
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1. VESSEL  
  
1.1. VESSEL GENERAL  
Name M/V Geo Caribbean 
Owner Fugro Geo Caribbean N.V.  
Operator Fugro-Geoteam AS 
Seismic management Fugro Norway Marine Services AS 
Maritime management Wilhelmsen Ship Management (Norway) AS 
Type 3D seismic survey vessel 
Port of registration Majuro 
Flag Marshall Island 
Class DNV  
Class register no. 27747 
Class notation 1A1 ICE-C SF COMF-V(3)-C(3)  

HELDK-SH RP E0 CLEAN DK(+) 
Call sign V7RA6 
IMO no. 9401219 
MMSI  538003469 
Year built/rebuilt 2008 
Length overall 100.8 m 
Breadth moulded 24 m  
Breadth maximum 28 m 
Draught, loaded 7.5m 
Tonnage 12108 gross tons, 3633 net tons 
Cruising speed 14 knots (Maximum speed 16 knots) 
Operation range World wide 
Endurance seismic days max. load 60 days 
Main engine 4 x generating sets, each engine with capacity 

4200kW (690V, 68 Hz, 720 RPM), designed for 
heavy fuel oil. 

Gearbox 2 x reduction gear boxes, low noise type for 
driving C.P. propellers.  

Propulsion 2 x C.P. propellers of low noise design. Diameter 
to be 4000 mm in fixed nozzle. Revolution to be 
from 0 to abt. 130 rpm. 
2 x AC-electric motor (fitted to gear boxes) with 
step-less control from 0-100% rpm. 4200 kW, 
freshwater cooled. 

Rudder 2 x free hanging Becker type rudderswith rope-
guard fitted in lower end.  

Steering gear 2 x Rolls-Royce Tenfjord type 
Azimuth thrusters 1 x retractable, 1500kW with complete electric AC 

drive 
Bow thrusters 1 x fixed pitch, 1200 kW with complete electric AC 

drive, super-silent/double tunnel type. 
Main engine monitoring Kongsberg-Simrad  IAS 
Electrical power 690V 60 Hz 3ph, 230V 50 Hz 1ph 
Emergency generator 1 x 700 kW 
Clean power 100 kW UPS 
Fuel capacity HFO capacity 1800 m3 
Fuel consumption 30 tonnes per day  
Fresh water capacity 257 m3 
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Fresh water consumption 15 tonnes per day  
Fresh water generator 2 off FW generators with capacity 15 t/day 
Sewage treatment plant For 71 persons 
Incinerator For 71 persons 
Black water Holding tank cap 32 m3 
Grey water Holding tank cap 29 m3 
Bilge water 1 x bilge water separator with 3m3 /h capacity 
Sludge Holding tank cap 33 m3 
Lube oil 4 x lube oil separators with a capacity of app. 1000 

l/h, straight oil, fully automatic, self-cleaning type. 
4 x heaters for lube oil separators 

Dirty oil Holding tank cap 13 m3 
Stabilising system 2 off passive anti rolling tanks 
Deck machinery:  
 Crane 1 x 5 ton SWL, 16 m knuckle arm handling crane  

on top deck aft.  
1 x 12 ton SWL, 16 m knuckle arm handling crane 
on top deck starboard. 
1 x 12 ton SWL, 16 m knuckle arm handling crane 
on top deck port. 

Source handling beams Odim electric operated gun storage system. Fork 
type. 

 Streamer winch 4 x Odim double streamer winch with el. drive 
2 x Odim double streamer winch with PF: 12t  
BF:33 outer & el. drive 

Lead-in winch 2 x lead-in winch with el. drive 
Storage winch 12 x Odim storage winch with el. drive 
Source winch 8 x Odim, capacity 800 m cable, el. drive  
Umbilical winch 8 x Odim, capacity 800 m cable, el. drive. Hydraulic 

operated brakes  
Wide-tow winch 2 x Odim wide-tow winch, 60 ton pulling force  
Auxiliary winch gun deck 6 x auxiliary winches with el. drive 
Auxiliary winch streamer deck 4 x auxiliary winches with el. drive 
High speed winch on gun deck High speed winch for gun separation 
Drum handling Electric/hydraulic drum spooling rack 
Tow points 12 Odim hydraulic operated towing points with Odim 

spectrum blocks 
Wide tow shock absorbers 2 x Vestdavit 80 ton  

 Paravane Barovane 410 
Paravane handling Odim handling davit 
Transverse towing point 2 x Odim 5 ton winches 

Hydraulic power pack 250 l/min handling equipment with el. drive. 
Hydraulic operated breaks 

Accommodation For 71 persons +hospital. All cabins with separate 
toilets/showers. Each cabin to have radio, cd player, 
tv and dvd player.  

Galley store Facilities for 69 persons  
Mess Seating for 60 persons 
Day rooms Lounges for smokers and non smokers with seating 

for 65 persons 
Exercise room Large exercise room with saunas and solarium 

facilities   
Air condition Air condition with chilled water system for world 
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wide conditions 
Helicopter landing zone Dimensioned and arranged for the operation of 

Sikorsky S61 helicopters. Deck to be arranged and 
equipped according to CAA rules CAP 437 / ICAO 
requirements 

 
 
 
 
1.2. VESSEL NAVIGATION AIDS  
Auto pilot Kongsberg Maritime cJoy ST 
GPS Furuno GP-150 Navigator  
Radar no. 1 Furuno FAR2837, 10cm ARPA-radar with daylight 

monitor. Antenna with built-in transmitter.  
Radar no. 2 Furuno FAR2837, 3cm ARPA-radar with daylight 

monitor and performance monitor. Antenna with 
built-in transmitter.  

Gyrocompass SG Brown Meridian Surveyor with: 
• 1 x SG Brown Interswitch 
• 2 x digital gyro repeaters for mounting in 

bridge wing consoles 
• 1 x Scan SR01 heading repeater 
• 1 x analogue gyro repeater for each steering 

gear room 
• 1 x class A magnetic compass 
• Binnacle, reflector compass, azimuth device, 

straight vertical reflection tube and hood. 
Speedlog 1 x 2-axis Doppler log, Furuno DS 80 
VHF direction finder HELI-VHF (stationary) Jotron TR710D 

HELI-VHF (portable) Walter & Dittel FSG5 
Wind sensor Seatex HMS 100 
Navigation echo sounder Furuno FE 700 
Electronic chart Furuno Telchart TECDIS 
Navtex Furuno NX700B 
Weather fax Furuno FAX-30 
 
 
 
 
1.3. VESSEL COMMUNICATION  
GMDSS Furuno FS-2570/1570, 150W MF/HF 
Inmarsat C 2 x Furuno Satcom C 
Fleet 77 Sailor 77 Fleet + 
NorSat Telenor 
M/F and H/F Furuno FS1570 
VHF fixed Furuno FM-8800S 
VHF portable VHF radio, Entel HT640 
UHF portable UHF radio, Entel HT780 
VHF helicopter communication HELI-VHF(stationary), Jotron TR 710D 

HELI-VHF(portable), Walter & Dittel FSG5 
Helicopter non-directional beacon Radio Beacon TS-1B 
Internal communication PABX telephone system with 120 lines 
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Telephone numbers  

Bridge  +47 21 04 25 20/21 
Captain +47 21 04 25 23 
Party Chief +47 21 04 25 22 
Client  +47 21 04 25 24 

         Inmarsat bridge +870 764 892 428 
Fax numbers   
 Bridge +47 21 04 25 32/33 
Internet access via NorSat  
E-mail addresses  

Captain master.geocaribbean@osl.barbership.com 
Party Chief pc@caribbean.fugro.geoteam.no 
Client client2@caribbean.fugro.geoteam.no 

 
 
 
 
1.4. VESSEL SAFETY  
Min. safety manning level  16 
Covered lifeboat  2 x Schatt-Harding KISS1000C. Cap. 90 pers. each 
FRC / MOB 1 x Norsafe – Magnum 750 FRC 
Workboat  2 x Westplast WP 950 w/ water jet drive. 
Inflatable life rafts  6 x 25 persons 
Survival suits  73 
Life jackets  73 
Life buoys 18 
Smoke hoods  Draeger  “Parat C” 
Work vest  Crewsaver 275N 
Emergency radios  Jotron TR20 
EPIRB  1 x Jotron 40S (ext.), 1 x Jotron 45SX (int.) 
Radar transponders Jotron Tron SART 20 
Fire detection system  Eltek 
Fire pumps  3  
Fire suits  4+spares 
Halon systems  No 
CO2 systems  Paint store, emergency generator room, 

incinerator room  
Foam deluge systems  FlexiFOG water mist extinguishing system in 

engine room. 
FlexiFOAM extinguishing system for helideck 

Lg. portable foam extinguishers  Yes 



 

 
M/V Geo Caribbean Updated 09 August 2010 Page 7 of 9 

 
2. SEISMIC  
  
2.1. SEISMIC RECORDING INSTRUMENT  
Type  Sercel Seal, 24 bit digital system 
Number of channels  8000 
Number of waterbreaks  1 pr. streamer (in HESA Section) 
Number of auxiliary  24 Channels 
Sample rate  ¼, ½, 1, 2 and 4 ms 
Filters   
 Low cut 3 Hz analogue 6 dB/octave plus configurable digital 

low cut (between 2.5 Hz and 15 Hz @ 6dB/octave). 
Combined filter slope 12 dB/octave 

 High cut Depending on sample rate  
0.8 Nyquist @ 370dB/octave linear or min phase 

Recording format SEGD 8058 or 8036 
Recording medium IBM 3592 
Raid system Argus By Profocus 
QC system Argus By Profocus 
On-line  display Argus By Profocus 
Single channel recorder Argus By Profocus 
 
 
 
 
2.2. STREAMERS  
Type Sercel Sentinel solid streamer 
Length 12 x 8000 m @ 100 m sep 

14 x 6800 m @ 75 m sep 
Max 1000 channels per streamer @ 2ms sampling 

Available group interval 12.5 m 
Section length 150 m 
Groups pr. section 12 
Hydrophone type Sercel Flexible Hydrophone 
No. of hydrophones/group  8 
Streamer diameter 59.5mm  
Streamer sensitivity 19.73 V/Bar @ 22°C  
Fault locator Sercel Seal Digital System 
Compasses ION Model 5011 Compass Bird 
Streamer control ION DigiFIN 

ION Model 5011 Compass Bird 
Acoustics ION DigiRANGE II 
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2.3. ENERGY SOURCE  
Type Sodera G-Gun  
Size of guns Up to 250 cu. inch 
Typical volume Single source up to 9000 cu. inch 

Dual source up to 5100 cu. inch 
Maximum output @6 m, 0-206 Hz  
Number of sub-arrays 6 sub-arrays 
Configuration Single source or dual source  
Tow width Typically 10 m between sub-arrays 
Firing control Seamap GunLink 4000 Digital Gun Controller 
QC Seamap GunLink 4000 Digital Gun Controller 
Depth transducers Seamap Digital, Integrated on GFSM Module 
Tow system Sercel rigid gun floats. Self deflecting 
Offset < 100m 
Compressor 3 x LMF 62s/138-207-E60 
Compressor capacity 62 m3 
Air pressure 138 bar = 2000 psig as well as 207 bar = 3000 

psig 
 
 

 
 

2.4. NAVIGATION EQUIPMENT  
On-line navigation system Concept Systems Orca 
Primary navigation Fugro Skyfix-XP DGPS  
Demodulator 2Fugro 4100LRS 
GPS receiver Trimble SPS551 
Secondary navigation  Fugro Starfix.HP DGPS with SPM software 
Demodulator Fugro 4100LRS 
GPS receiver Fugro Starpack with internal Novatel 
Tailbuoy tracking Kongsberg Seatex Seatrack 220 RGPS 
Gun array tracking Kongsberg Seatex Seatrack 320 RGPS 
Gyro  2 x SG Brown Meridian Surveyor 
GPS azimuth Applanix POS MV 320 
Motion sensor Applanix POS MV 320 
Echosounder Kongsberg Simrad EA600 
Echosounder transducers 18, 38, 200 kHz 
Acoustic doppler profiler Nortek ADP 
SVP/CTD probe Valeport Midas SVX2 
Moving vessel profiler Odim MVP300-3400 
Streamer mounted speed log ION Model 7500 Speed Log 
Streamer mounted velocity meter ION Model 7000 Velocimeter 
Streamer positioning ION Model 5011 Compass Bird 

ION DigiRANGEII acoustics: 
      Up to 180 x CMX unit 
      2 x CTX transducer flanged - hull  
      6 x CTX pinger towed - gun 

Navigation processing Concept Systems Sprint 
Concept Systems NRT 

Binning Concept Systems Reflex 
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2.5. ONBOARD PROCESSING 
Hardware 

 
32 x 2 quad core CPU nodes HP BLc7000 Linux 
cluster (total 256 CPUs), 16 GB RAM per node. 
4 HP Proliant DL580G5 servers on Linux, 4 x quad 
core CPUs, 32 GB RAM per server. 
5 x dual monitor HP xw6600 work stations. 
66 TB disk space 

Software SeisQC 
FSI Uniseis 0901 
64 bit RedHat Enterprise 4 Linux 

Capabilities Real time link to acquisition 
Tape drives 4 x IBM Jaguar-2 3592  
Plotters 46’’ monitor 
Data compression software Aware Seispact v 3.61 
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Spec Sheet 
 

SHIP’S NAME Snapper 
CALL SIGN YJSV4 
INTERNATIONAL MARITIME ORG.(IMO)  8500862 
OWNER Offshore Service Vessels, LLC 
PREVIOUS NAME Artic Ivik 
FLAG STATE & PORT OF REGISTRY Port Villa, Vanuatu 
VANUATU OFFICIAL NO. 1478 
DATE OF BUILD 1-Jul-85 
YARD NO. & TYPE OF VESSEL Hull No. 243 Source Vessel 
YARD BUILT Allied Shipbuilders Ltd., Vancouver, Canada 

DATE CONVERTED/POWER UPGRADED May 1997 & June 2001 
YARDS CONVERTED Tyne Tees Ship Yard/Newcastle UK (1997) 

Newpark Shipbuilding, Galveston USA (2001) 
CLASSIFICATION SOCIETY & CLASS Lloyd’s Class +100 A1 Ice Class 1 
CLASS ID NO. 8500862 
SAFE MANNING CERTIFICATE (MIN.) 10 Maritime crewmembers (galley dept. not 

included) 
 
GROSS TONNAGE (GRT) 2526 
(GRT) NATIONAL & INTERNATIONAL 2526 
NET.REG. TON (NRT) PANAMA CANAL Equates to: 0 
(NRT) NATIONAL & INTERNATIONAL 757 
LIGHTSHIP DISPLACEMENT 2199.20 tonnes 
LENGTH OVERALL (LOA) 67.36m 



LENGTH BETWEEN PERPENDICULARS 63.3m 
BREADTH MOULDED 14.02m 
BREADTH EXTREME(w/helideck  overhang) 18.28m 
DEPTH (MOULDED) 5.79m 
DRAFT (MAX) 5.52m 
DRAFT (MEAN) 5.01m 
AIR DRAFT (TO HIGHEST ANTENNA) 28.29m 
HELICOPTER DECK RATING Bell 212 or similar/5.3 tonnes 
HELICOPTER DECK DIAMETER(D-VALUE) 18m 
HELICOPTER DECK MARKINGS (Standard) At present: According to US Regulations 
CABLE/TOW POINTS/SUB ARRAYS 16 k solid cales/4 tow points/6 sub array 
INCINERATOR, SLUDGE & WASTE OIL TeamTec, Type OG 120C 
BILGE/OILY WATER SEPARATOR 2 x Ultra Sep 1000 
OILY WATER/SLUDGE HOLDING TANKS CAP 1 Tank 12 m3 
SEWAGE DISPOSAL PLANT ORCA II-A-24 
OIL SPILL ABSORBENT/DAM. CONTROL 6 containers absorbent kit 
 
 
        Quantity/Make/Model/Capacity/ Year Renewed 
AIR SOURCE, HP COMPRESSORS 2.xLMF 31/138-D 1 x LMF 240 HD. 
AIR CAPACITY, EACH & TOTAL (CFM) 2 x 1100 CFM + 1 x 800 CFM, Total 3000 CFM 
HP COMPRESSOR DRIVE MOTORS 2x Cat 3508, 1MAN. D2842 LE. 
SUB-ARRAYS 6x Frazer Type 
STREAMER REELS 2x ODIUM type, approx. 6K Capacity 
MAIN ENG. OR ELECTRIC PROP. MOTORS 2x B&W Alpha Diesel, 12v 28/32 – V0, each 

3600 HP 
AUXILIARY ENGINES (GEN. DRIVE) 1x536KW Cat, Type 3412, 1x 430 Kw Cat  

Type 3412, 1x 480KW Cat. Type 3412 
VESSELS TOT. BRAKE HP/KW FOR PROP 2x 3600 BHP 
MAIN ENGINES, POWER SUPPLY 24 Volt dc. 
PROPELLER TYPE, MAIN PROPULSION B&W Alpha 4 blades pitch prop. 10’02” dia. 
PROPELLER & THRUSTER CONTROL B&W Alpha 
PROPELLER BLADE, SPARE 2 spare blades propeller in Galliano 
GENERATORS/ALTERNATORS 2. Marathone ELTR. 1.Leroy Somer LSA54 
EL. POWER, USEFUL, OUT FROM M.S. BOARD 1490 KW. Total 
UPS POWER TO INSTRUMENT ROOM Merlin Gerin Comet S 33 
POWER SUPPLY INSTR. ROOM BACK-UP Merlin Gerin Comet S 33 
EMERGENCY & HARBOUR GEN. ENGINE Lombardini  4 LD 820/L 
EMERGENCY & HARBOUR GEN. Lombardini  4 LD 820/L 
COOLING SYSYEM FOR AUX. ENGINES 1 Segregated system, water/air 
BOW THRUSTER Ulstein model 150 TV – A (AVEC – 100-LH4) 

490 kw/670 HP 
STERN THRUSTER Ulstein Model 90 TV–A 184 kw/250 HP  
FRESH WATER GENERATOR (FWG) Alfa Laval Desalt + Osmosis. 15m3/day 
STEERING GEAR Wagner electro hydraulic 2- CAZ 7.0-45-C-EB 2 



PULLING CAPACITY, 5 KNOTS Not tested, but 40 tons approx. 
FRESH WATER CAPACITY 3 tanks, max 85 m3 
FRESH WATER MAKER PRODUCTION 6 – 15 M3/ day depending on load & temp. 
POTABLE WATER SYSTEM FW Destiller (1 Evaporator + 1 Reverse Osmosis) 
FUEL CAPACITY, ALL TANKS, TOPPED 756 m3 (90%) 
FUEL, USEFUL FOR 100% CONSUMPTION 841 m3 (100%) 
FUEL TYPE Marine Gas Oil 
LUBE OIL, ENGINE OIL (m) Mobilgard 312 
CYLINDER OIL, HP COMPRESSORS (m) Mobil Rarus 827 /SHC 626 
BALLAST, SEA WATER (m) 761 m3 
SPEED, TRANSIT, MAX. IN CALM SEA 13kts. 
SPEED, TRANSIT ECONOMY 11kts. 
CONSUMPTION OF FUEL, FULL SPEED 25.2 m3 / 24 hrs. 
CONSUMPTION OF FUEL, ECONOMY SPEED 15 m3 / 24 hrs. 
OPERATIONAL ENDURANCE 31 days max speed, 50 days economy speed 
ENDURANCE OF FUEL DURING SURVEY 61 days 
CONSUMPTION OF FUEL IN PORT 0.95 m3 
SAFETY EQUIPMENT CERTIFICATE Maximum 39 persons 
RADAR NO.1 Furuno FR2127BB 
RADAR NO.2 Furuno FR2127BB 
GYRO COMPASS No. 1 Sperry MK 37 Mod. E 
GYRO COMPASS No. 2 Anschutz Std 20 
AUTO PILOT Robertson AP9 MK 3 
GPS RECEIVER Furuno Falcom 15 
SPEED LOG JRC JLN – 203 Dopler Log 
ECHO SOUNDER Furuno FE 700 

RADIO’S, VHF, GMDSS*, TYPE 1 Furuno FM 8800 
RADIO’S, VHF, GMDSS*, TYPE 2 Furuno FM 8800 
RADIO’S, VHF, GMDSS*, TYPE 3 Furuno Falcom 15 
RADIO’S, UHF Motorola 
WEATHER FACSIMILE Furuno Fax 207 
NAVTEX RECEIVER JRC/NRC 330 
UPS, POWER SUPPLY TO ALL GMDSS RADIOS LaMarche Constavolt, UPSMerlin Gerin Comet S 33 

RADIO STATION LICENSE NO. 08-1305 
CLASS/CORR.CATEGORY A1+A2+A3 GMDSS 
LIFERAFTS TYPE/CAPACITY/NUMBERS Viking/ 25 persons x4 
LIFERAFTS TYPE/CAPACITY/NUMBERS Viking/ 6 persons x2 
MAN OVERBOARD BOAT (MOB) TYPE MP-741 Springer 
ENGINE, MOB & SPEED OF BOAT Cummins 6 BTA 5.9M (300hp), 33 knots 
WATERJET & GEAR DRIVE, MOB Hamilton 273 Borge Warner, 72 C Marine Trans 
ENGINE ROOM Co2 
COMPRESSOR ROOM Co2 
INCINERATOR ROOM Co2 
GALLEY RANGE HOOD Co2 



HELICOPTER DECK 2 x fixed installed foam monitors for AFFF 
PAINT STORE Co2 
CHEMICAL STORE Box on Deck. 2.97 x 1.27 x 1.0 meters 
MAIN FOAM PUMP, AFFF FOAM MIXTURE Grunfoss Type CRN4-120 A-P-G-AUUE 
MAIN FIRE PUMP Iron a/s QVP 2 – 400/3 
EMERGENCY FIRE PUMP Paramount Mod 1 ½ SB (LHO) 
FIRE DETECTION MONITORING PUMP Cerberus Pyrotronics System 3, Mod CP-35 
ANCHOR 2 x 1.75 tons anch. 345 mtrs. chain 
WINDLASS 2 x Harrison & Robbins hydraulic capstan 
MOORING WINCHES 2 x Harrison & Robbins hydraulic capstan 
CAPSTAN NO 1 Harrison & Robbins hydraulic  
CAPSTAN NO 2 Harrison & Robbins hydraulic  
DECKS CRANE 1, 
CAPACITY/REACH/LOCATION 

ABAS KDE 60-5T (3.5T Offshore) – 14.5 M – 
Stbd.  Aft 

ANTI ROLLING DAMPING SYSTEM Anti rolling Tank 
BUNKER CONNECTIONS, LOCATIONS  2 of Connections on shelter-deck, 4” 
BUNKER CONNECTIONS, TYPE (S) Camloc 4” female 
BUNKER HOSE length & dimension (loose) None 
CREW ACCOMMODATION, No. of BUNKS 39 (plus hospital) 
SINGLE BERTHS CABINS 9 
DOUBLE BERTHS CABINS 15 
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BRIEF SPECIFICATION 
for 

TANUX I 
   
   
Type : Work / Maintenance 
Classification : American Bureau of Shipping +A1(E) +AMS 
ABS PID :  
Flag State : NIS – Norway 
Official Number :  
Call Sign : LAGT6 
Owner : Tanux Shipping KS 
Operator  : Tananger Offshore AS 
Designer : Conan Wu & Associates Pte Ltd 
Builders : Cheoy Lee Shipyards Ltd & Hin Lee (Zhuhai) Shipyard Co Ltd
Yard No. : 4881 
Construction Material : Steel 
Length Overall : 53.80 metres 
Length BP : 51.50 metres 
Beam Moulded : 13.80 metres 
Depth Moulded : 4.50 metres 
Draft loaded max. : 3.60 metres 
Displacement Loaded : 1800 tonnes approx. 
Deadweight : 1060 tonnes approx. 
Tonnage : 1050 approx. 
Complement : 50 persons 
F.O. Tankage :  
F.W. Tankage :  

S.W. Ballast Tankage :  
Maximum Speed : 13 knots approx. 
Main Engines : 2 x Caterpillar 3512B, 1575 bhp at 1800 rpm 
Gearboxes : 2 x Reintjes WAF663 5.044:1 ratio 
Propulsion : 2 x fixed pitch propellers in nozzles 
Generating Sets : 3 x Caterpillar 300 kVA 
Emergency Genset : Lister CS-4 
Bow Thruster : Schottel STT-110-LK 
Bow Thruster Gearbox : ZF 220 1.963:1 ratio 
Bow Thruster Engine : Caterpillar 3126B 315 bhp / 2400 rpm 



P.2 of 3 

Steering Gear : Jastram SZ-44-2-35 
Switchboards : Terasaki 
Starting Air Compressors : 2 x Sperre / HL 2/77 
External Fi-Fi System : CounterFire 1200m3/hr 
Oily Water Separator : Taiko Kikai USC-10 x LD-INSA 
Sewage Treatment Plant : Taiko Kikai SBT-40 
Pumps : Desmi, Itur, Azcue 
Watermaker : Sea Recovery 1500-2 GPD 
Anchor Windlass : Plimsoll PR-HAW/GG-34U2 
Engine Telegraph : Engtek TELMAC II-24 
Search Lights : Francis L480C 
Floodlights : KDECOM 500W 
Navigation Lights : Aqua Signal 70M  
Signalling Lantern : Francis FSP127 
Radars : Furuno FP-2115 & 1942 MK2 
MF / HF SSB : Furuno FS-1570 
VHF  : 2 x Furuno FM-8500 
Speed Log : Furuno DS-80 
Echo Sounder : Furuno FE-700 
Navtex Receiver : Furuno NX-500 
Portable GMDSS VHF : 3 x Icom GM-1500 
Gyro Compass : Anschuetz Standard 20 Compact 
Magnetic Compass : Saura MR-150 
Auto-pilot : Auschuetz Pilostar D 
GPS : Furuno GP-90 
Radar Transponder : 2 x McMurdo S4 
EPIRB : McMurdo E3 
Sound Powered Telephone : PhonTech BTS-4000 
Intercom : PhonTech CIS-3100 
Public Address : PhonTech SPA-1500 
Mini-M : Nera Worldphone 
Anemometer : Navman W-3150 
Automatic ID System : Furuno FA-100 
Inmarsat-C : Furuno FELCOM-15 
SSAS : Furuno FELCOM-16 
   
   
   

*************************** 
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General Information 

Name:     M/V Thor Omega 

Call sign:    OZ 2065 

Flag:     Faroese 

Class:     DNV + 1A1 E0 SF 

IMO no.:    9487823 

Built:     2008 

Length overall:   55,10 m 

Length b.p.    50,56 m 

Breath moulded   12,50 m 

Depth boat deck   8,00 m 

Depth main deck   5,50 m 

Gross tonnage, 1969   1061 GT 

Net tonnage, 1969   318 NT 

Deadweight    1575 ton 

Lightship weight   700 ton 

Draught:    4.85 m 

Speed     13 knots 

Speed water jet   4,5 knots 

Accommodation (crew)  6 persons 

Berths for passengers   10 persons 

Sleeping seats   34 persons 

 

Machinery/Diesel-electric: 
Generators    Nordhavn GASI 16-07 4 x 440 kw / 1800 o/min 
     3 x 440 Volt 60 Hz 

Engines    Scania Type DI18 44M – 469 kw 

 

Propulsion 
Azimuth    2 x Rolls-Royce, Aquamaster 

Type     US 105 CRP 

Power     2 x 650 KW 

Bollard pull    19,3 ton 
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Pump Jet 
Type     Schottel, SPJ 82 RDL 

Power     1 x 360 KW 

Thrust     2,5 ton 

 

Cargo Discharge Pump 
Cargo pumps   2 x 120 m2 / 15 m hight 

 

Capacities 
Heavy fuel oil    992 m3 

Diesel oil    556 m3 

Fresh Water    69 m3 

Cargo on deck    320 m2 / 100 ton 

Sludge tank on deck   Tank for seismic sludge 

Cargo hold on deck   31 m2 cooling room 

     22 m2 freezing room 

Deck Equipment 
Deck crane    ABAS 

Type     5 ton SWL 1,8 – 16 m 

Rope winch    1,5 ton 

capstan    4 x 5 ton 

Anchor winches   2 

Towing hook    30 ton 

Davits     1 pc Vestdavit PLR-10002 for workboat – SWL  
     10000 kg 

     1 pc Vestdavit PL – 1500 for rescueboat – SWL  
     1500 kg 

Rescue Boat: 
Norsafe MIDGET 530 MK II Diesel Jet Rescue Boat 

Capacity    6 persons 

Standard    72 Hp inboard diesel engine with waterjet   
     propulsion 
Pumps 
Fuel Oil    2 x 120 m3 / hour 

Fresh water    1 x 50 m3 / hour 
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A3 GMDSS – Equipment: 
Furuno FS-1570 150W MF/HF SSB Transceiver 

Furuno FM-8800S VHF-DSC Transceiver 

Radio Ocean RO 4700 VHF Transceiver 

Furuno NX-700-B Navtex Receiver 

Furuno Felcom-15 Inmarsat-C 

SSAS UPG for Furuno Felcom-15 

McMurdo E-5-A EPIRB 

McMurdo E-5-M EPIRB 

McMurdo G4 SART 

McMurdo R-2 portable GMDSS VHF Transceiver 

 

2 pc. Furuno Radar: 
FAR-2137S/IMO S-band 30 kW with 12 fot antenna 

FAR-2117/IMO X-band 12 kW with 6.5 fot antenna 

 

Echosounder and Speed-log: 
Furuno FE-700/200 IMO 

Furuno DS-80 speed-log 

 

Navigation: 
Furuno FA-150 AIS Transceiver 

Furuno GP-150 GPS- Professional navigator 

MaxSea Commander software 

MaxSea tracking-modul for Arpa og AIS-traget 

Computer for MaxSea 

 

Gyro / Autopilot and Bridge-Alarm: 
Anschuetz Standard 22 Gyro-compass 

Anschuetz Digital Autopilot Pilotstar D 

Furuno SC-110 Satellite-compass 

RD-30 Remote display 

UniSafe Bridge-alarm 
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Communication: 
Emergency communication system wheelhouse / engine 

Communication system rouond the ship 

Telular SX5D gsm-phone with telefax 

Icom portable UHF-transceiver 

Safety helmet, with Peltor head-set 

 

Camera and Sound Signal Reception System + Wind Sensor: 
Camera monitoring system thruster room and deck 

Vingtor VSS-111 sound signal reception system 

RO-wind sensor 

 

Safety Equipment: 
Liferafts    Viking 25 DK SOLAS – 6 x 25 persons 

Life-jackets    Merman 16 A SOLAS – 104 pcs 

Immersion suits   Viking PS 5002 SOLAS – 54 pcs 

 

FRC Safety Equipment: 
FRC working suits   PS 5041 SOLAS – 3 pcs 

Inflatable life-jackets   PV 9308 SOLAS – 3 pcs 

Jofa 390 R helmets   3 pcs 

 

Communication: 
Telephone    +44 203 145 58 4127 SevSat 

Telephone    +870 764 152 939 Mini-M 

E-mail     thorOmega@thor.fo 

E-mail     bridge.thorOmega@skyfile.co 

mailto:thorOmega@thor.fo�
mailto:bridge.thorOmega@skyfile.co�
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VESSEL SPECIFICATIONS 
 

A. VESSEL DETAILS 
 
 
VESSEL NAME SRV VERITAS VIKING 
OWNER Eidesvik & Co. A/S 
FLAG NORWEGIAN 
PORT OF REGISTRY HAUGESUND, NORWAY 
BUILT / REBUILT JUNE 1998 
CLASS DNV + 1A1, SF, EO, HELDK, DK+ 
CLASS ID N° 20198 
IMO OFFICIAL NUMBER 9173599 
CALL SIGN LMIB 
LENGTH 93.35 M 
BEAM 23.5 M 
MAX DRAFT 6.7 M 
GROSS TONNAGE  7886 MT 
NET TONNAGE 2365 MT 
MAXIMUM LOAD SPEED 16.8 KTOTS 
CRUISING SPEED 15.5 KNOTS 
FUEL CAPACITY 2300 M3 
FUEL CONSUMPTION 45 M3 / DAY 
LUBRICATING OIL CAPACITY 116 M3 
ENDURANCE 45 DAYS OF PRODUCTION / 55 DAYS FULL TO EMPTY 
RANGE AT CRUISING SPEED ~ 20,000 N.MILES 
SUPPORT VESSEL VARIOUS 
FRESH WATER 1355 M3 
FRESH WATER PRODUCTION 20 M3 / DAY 
SEWAGE 44 M3 
CABLE OIL CAPACITY N/A 
ROLL REDUCTION TANKS 2x295 M3 / 1x169 M3 
WATER BALLAST 2500 M3 
PROVISION ROOMS 2 x FREEZERS / 2 x COOLERS / 2 x DRY STORE ROOMS 
ENGINES 2 x MaK type 9 M32, 4320 Kw, 600 RPM 
TOTAL PROPULSION 2 x 4320 Kw ON PROPELLORS (2 x 5793 HP) 
PROPELLERS ULSTEIN PROPELLORS 
AZIMUTH THRUSTER AQUAMASTER AZIMUTH TYPE: UL 1411/5350 CP 
BOW THRUSTERS BRUNVOLL TYPE:  FU-80-LTC-2000, 1200 KW 
STERN THRUSTERS BRUNVOLL TYPE:  FU-80-LTC-2000, 1200 KW 
GENERATORS 2 x SHAFT GENERATORS TYPE:  

STAMFORD 440V/60HZ 2360 KW 
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AUXILIARY GENERATOR 1 x MAK TYPE 9 M32, 2500 KW, 600RPM 
MITSUBISHI ENGINE TYPE MHI S6R-MPTA 
AUX-GEN: STEMFORD TYPE: NS MHC534F2, 500 KW 

EMERGENCY GENERATOR MITSUBISHI TYPE : MHI S6B3-MPTK 
EMERG-GEN : STAMFORD TYPE : NS MHC534C2, 350 KW 

ELECTRICAL DISTRIBUTION MAX SWITCHBOARD POWER IS 2360 KW x 2 
U.P.S. LIEBERT HIPULSE 99KVA 
BOLLARD PULL 120 TONS 
SEISMIC COMPRESSORS 3 x LMF 
SAFE MANNING CERTIFICATE (MINIMUM) 10 
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B. COMMUNICATION 
 
 
COMMUNICATION SYSTEMS  
VHF PORTABLE MOTOROLA GP 340 / NAVICO GMDSS 
MF/HF RADIO SAILOR HC4500B 
INMARSAT A RECEIVERS & NUMBER N/A 
INMARSAT B RECEIVERS & NUMBER N/A 
INMARSAT C 2 x SAILOR HT 2095 
INMARSAT M N/A 
VSAT RECEIVERS & NUMBER 1  GYRO-STABILIZED/ (+1) 832.351.8710 
MARISAT RECEIVERS & NUMBER N/A 
WEATHER FACSIMILE N/A 
NAVTEX RECEIVER FURUNO NX500 
SAFETY AS PER VESSEL CLASS 
DATA TRANSFER VSAT 128KBPS 
EMERGENCY RADIO BEACON (EPIRB) JOTRON TRON 40S 
SHIP/AIR CRAFT RADIO ICOM IC-A200 
RADAR TRANSPONDER JOTRON TRON SART 
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C. NAVIGATION 
 
 
NAVIGATION SYSTEMS  
RADARS FURUNO FAR-2825 ARPA / FURUNO FAR-2825S ARPA  
GYRO COMPASS 2 x SG BROWN MERIDIAN 
AUTOPILOT 2 x ROBERTSON AP9 Mk III 
SPEED LOG FURUNO DOPPLER SPEED LOG DS-S70 
ECHO SOUNDER SKIPPER GDS 101, 38KHZ 
ECDIS SIMRAD CS56 
ROBTRACK ROBERTSON STS500 
TRACKING SYSTEM  
GPS AP NAVIGATOR Mk10 
MAGNETIC COMPASS BERGEN NUATIK BN-35PL 
WIND INDICATOR DIEF MALLING (SHORE CONNECTION) PRH 
AIS FURUNO FA-100 
VOYAGE RECORDER FURUNO VDR VR-3016 
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D. SAFETY 
 
 
SAFETY EQUIPMENT  
MOB BOAT MP-800 SPRINGER, YARD: 275 

LIFEBOAT 1 x SCHAT HARDING, 60 PERS, ENCLOSED, SELF-
RIGHTING FIBERGLASS LIFEBOAT 

EPIRB 2 x JOTRON  (1) MODEL 45SX  (1) MODEL 40S 

LIFE RAFT 

PORT SIDE :    2 x 20 PERS. INFLATABLE RAFTS 
                         2 x 25 PERS. INFLATABLE RAFTS 
STBD SIDE:     2 x 20 PERS. INFLATABLE RAFTS 
                         2 x 25 PERS. INFLATABLE RAFTS 
STERN :          1 x   6 PERS. MAN-OVBD LIFERAFT 

SURVIVAL SUITS 62 x CREWSAVER IMMERSION SUITS 
LIVE VESTS 120 x SUNNMORE LIVBELTE FABRIKK 
WORK VESTS SECUMAR 

LIFE BUOYS 
6 x WITH LIGHT & SMOKE 
3 x WITH LIGHT 
4 x WITH BUOYANT LINE 

FRC SAME AS MOB BOAT ABOVE 
SEISMIC WORK BOAT NORPOWER 
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E. FIREFIGHTING EQUIPMENT 
 
 
FIREFIGHTING EQUIPMENT  

ENGINE ROOM 

CENTRAL CO2   
8 x POWDER EXTINGUISHERS 
4 x CO2 EXTINUISHERS 
8 x FIRE HOSES 

COMPRESSOR ROOM 

CENTRAL CO2   
4 x POWDER EXTINGUISHERS 
2 x CO2 EXTINUISHERS 
3 x FIRE HOSES 

INSTRUMENT ROOM 3 x CO2 EXTINGUISHERS 

GUN SHACK 
1 x POWDER EXTINGUISHERS 
1 x CO2 EXTINUISHERS 

HAZCHEM STORAGE CENTRAL CO2   

GALLEY 
FIXED WET CHEMICAL 
1 x POWDER EXTINGUISHER 
1 x PORTABLE WET CHEMICAL 

ACCOMMODATION 

1 x POWDER EXTINGUISHER 
1 x CO2 EXTINGUISHER 
8 x WATER EXTINGUISHERS 
12 x FIRE HOSES 

TAPE STORE / RIGGING ROOM 1 x POWDER EXTINGUISHER 

STREAMER AREA AND CABLE REPAIR 
ROOM 

1 x POWDER EXTINGUISHER 
1 x CO2 EXTINGUISHER 
8 x FOAM EXTINGUISHERS 
4 X LITHIUM EXTINGUISHERS 
8 x FIRE HOSES 

PAINT STORE CENTRAL CO2   
INCINERATOR CENTRAL CO2   
MAIN FOAM PUMP, AFFF FOAM MIXTURE ALLWEILER TYPE: NAM 100-250, 200M3/HR, 10BAR 
MAIN FIRE PUMP TYPE/FLOW ALLWEILER TYPE: NAM 100-250, 200M3/HR, 10BAR 
EMERGENCY FIRE PUMP TYPE/FLOW ALLWEILER TYPE: NB 40-200, 40M3/HR, 7BAR 
FIRE DETECTION MONITORING SYSTEM SCANA SERVOTEKNIKK.  FIRE ALARM PANEL BMS-904 
FIRE BLANKETS GALLEY AND RIGGING ROOM 
HELIDECK FIRE PUMPS ALLWEILER TYPE: NAM 100-250, 200M3/HR, 10BAR 
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F. ACCOMMODATION 
 
 
ARRANGEMENT  
CABIN TYPES 22 SINGLE CABINS  /  20 DOUBLE CABINS 
TOTAL ACCOMODATION FOR 60 PERSONS 
BUSINESS CONFERENCE AND TRAINING 
RM YES 

SAUNA AND FITNESS ROOM YES 
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G. HELIDECK 
 
 
EQUIPMENT & CERTIFICATION  
HELICOPTER DECK RATING 12.9 TONS (Sikorsky S-92) 

FIRE FIGHTING 
2 x FOAM GUNS 
2 x 50 KG POWDER 
20 KG CO2 

NON DIRECTIONAL BEACON TELECON DPU 230/48-10 
SHIP/AIR COMMUNICATION ICOM IC-A200 
MOTION WEATHER INFO HELICOPTER MONITOR.  SHORE CONNECTION INTL AS 
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H.  WORKBOAT 
 
 
TYPE  
MANUFACTURE NORPOWER 
LENGTH  7.7M 
BEAM 2.87M 
DRAUGHT 1.65M 
WEIGHT  4725KG 

ENGINES PERKINS M265Ti / NOGVA HC168B FRESHWATER-
COOLED, TURBOCHARGED 

WATER JET N/A 
HULL SINGLE-SKIN POLYESTER NORPAL 480 M850 
HYDRAULIC TENFJORD JR1 1/30 CYLINDER; TENFJORD H58 PUMP 
BOLLARD PULL ~650 KG 
FUEL DIESEL – 200 LITER TANK 
SPEED 12 KNOTS 
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SURVEY EQUIPMENT SPECIFICATIONS 
 
 

I. RECORDING SYSTEM 
 
 

SYSTEM   SERCEL SEAL 

MAX CHANNEL CAPACITY 
10,000 PER CONTROL MODULE (CMXL) 
960 MAX CHANN/ STMR @ 12.5M, 2MS 

MAXIMUM AUXILIARY CHANNELS 60 
MAXIMUM RECORDING LENGTH 99 SECONDS 
RECYCLE TIME ZERO DEAD TIME (GAPLESS RECORDING) 

 
 
ACQUISITION MODULE   
NUMBER OF SEISMIC CHANNELS 60 PER LINE ACQUISITION UNIT, MARINE (LAUM) 
SAMPLE RATES 0.25, 0.5, 1.0 , 2.0 and 4.0 MS 
PREAMPLIFIER TYPE FIXED 
PREAMPLIFIER GAIN, MAX INPUT SIGNAL 12 / 24 / 36 / 48 DB GAIN 

EQUIVALENT INPUT NOISE 
NOISE (3–200 HZ, 2MS SR) 
@ G1600:    700nV RMS (0.035 UBAR) 
@ G400:      200nV RMS (0.1 UBAR) 

DYNAMIC RANGE 136 Db 
WORD SIZE 24 BITS 
DISTORTION -105 DB 
COMMON MODE REJECTION 110 DB 
CROSSTALK 120 DB 
RECORDING DELAY 0 TO 64 SECONDS (IN 100MS STEPS) 
ANALOG LOW CUT FILTER (ALWAYS 
ENABLE) 2HZ ANALOG @ 12 DB / OCTAVE 

A/D CONVERTER SIGMA-DELTA 24-bit 
 
 
DIGITAL FILTERING   
DIGITAL LOW CUT FILTER 2-15 HZ DIGITAL @ 6 DB / OCTAVE 
TOTAL LOW CUT FILTER VARIES DEPENDING ON DIGITAL LO-CUT FILTER USED 

HI CUT FILTER 

MINIMUM-PHASE TYPE OR LINEAR PHASE TYPE 
SELCTABLE. 
 
The available filters have a -3 dB point at 0.8 times the 
Nyquist Frequency, i.e. 0.4 times the sampling 
frequency: 
 
100 HZ @ 4MS @ 370 DB/OCTAVE 
200 HZ @ 2MS@ 370 DB/OCTAVE 
400 HZ @ 1MS @ 370 DB/OCTAVE 
800 HZ @ 0.5MS @ 370 DB/OCTAVE 
1600 HZ @ 0.25MS @ 370 DB/OCTAVE 
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RECORDING SYSTEM          

TAPE SUBSYSTEM ARGUS REAL-TIME DUAL RECORDING SYSTEM 
DIRECT TO DISK 

TAPE FORMAT SEGD, 8015, 8036, 8048 and 8058 
TAPE DECKS 4 x IBM 3592 
TAPE CAPACITY 500 GB 
RECORDING FORMAT SEG D 8058 

RECORDING TECHNIQUE  CURRENT SETUP – DATA IS RECORDED TO ARGUS 
RAID ARRAY AND THEN RECORDED TO 3592 TAPES 

 
 
QC   
PROCESSOR OMNIX PC 
DISPLAY SEISNET REALTIME QC 

HARD COPY OYO 24” THERMAL PLOTTER – SINGLE TRACE AND 
MONITOR PLOTS 

PLOTTER OYO 24’’ THERMAL PLOTTER 
PRINTER VARIOUS 
REAL TIME SEISNET REAL-TIME QC 
INSTRUMENT PERFORMANCE TEST 
INCLUDING YES 

 
 
RTQC SYSTEM  
HARDWARE OMNIX PC 
DATA HANDLING SEISNET QC 
REAL TIME DISPLAYS 19’’ NEC MONITORS 
AUDIO VISUAL ALARMS AS REQUIRED 
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J. SEISMIC STREAMER 
 
 
SYSTEM  
MANUFACTURER SERCEL SENTINEL SOLID STREAMER 
DEFINED  ONBOARD STREAMER STOCK 
LEVEL 10 x 8100 PLUS SPARES 

NUMBER OF GROUPS PER STREAMER VARIABLE (648 FOR 8100M STREAMER) 

NUMBER OF GROUPS PER SECTION 12, 24, 48 DEPENDING ON GROUP LENGTH 

STANDARD GROUP LENGTH 12.5M 
OTHER GROUP LENGTH AVAILABLE 3.125, 6.25, 12.5 M 

NUMBER OF HYDROPHONES 8 (12.5M GROUPS), 4 (6.25M GROUPS), 2 (3.125M 
GROUPS)  

HYDROPHONES TYPE SERCEL FLEXIBLE HYDROPHONE 

HYDROPHONE CHARACTERISTICS FREQ ±0.5 DB FROM 2 HZ to 500 HZ 

GROUP SENSITIVITY 19.73 V/BAR.  

GROUP CAPACITANCE  278 NF, ±10% @ 20ºC 
VESSEL SEISMIC CABLE CAPACITY 
CONFIGURATION ALREADY PERFORMED 

10 x 8100M 

BREAKING STRENGTH 170,000 NEWTONS 

MAX OPERATING DEPTH 
WORKING DEPTH: 30M   
SURVIVAL DEPTH: 250M FOR UP TO 5 DAYS 

ACTIVE SECTION LENGTH 150M ±0.05M @ 6700 NEWTONS 

FIELD DIGITALIZATION UNIT ( FDU ) 6 Per section 

NEAR-TRACE OFFSETS 125 METERS AND ABOVE 

DATA TRANSMISSION ELECTRICAL, WITH REDUNDANCY 

DOORS/DIVERGING SYSTEM BAROVANE 48 
 
 
STREAMER OIL CAPACITIES 
CLEAN TANK N/A , SOLID STREAMERS 
TRANSFER TANK N/A  
DIRTY TANK N/A  

CABLE SKIN POLYURETHANE, 3.5MM WALL THICKNESS (5MM 
OVER HYDROPHONES) 

CABLE OIL N/A  
 



 
 

CGGVeritas SR/V Veritas Viking 15/25 
 

K. ENERGY SOURCE 
 
 
SOURCE TYPE BOLT LONG LIFE AIRGUNS 
SOURCE VOLUME 4450IN3, 5260IN3 typical.  2500-6000IN3 AVAILABLE. 
NUMBER OF  SUBARRAY 3 PER SOURCE TYPICAL (MAX 8 TOTAL) 
NUMBER OF GUNS (MAXIMUM) 9 PER SUB-ARRAY (MAX 72 TOTAL) 
SOURCE CONFIGURATION FLIP-FLOP 
OPERATING PRESSURE 2000 PSI 
NUMBER OF WINCHES 8 
SIZE OF GUNS 70, 90, 100, 105, 115, 135, 175, 200, 220, 260, 280, 330 in3 
GUNS PER SUBARRAY 9 

ARRAY SIZE OPTIONS 

4450IN3:  P=48BARM, P-P=106BARM, P/B RATIO=23.1 
               3 STRING, @ 6M, OUT-128HZ/72DB DFS V 
 

5260IN3:  P=51BARM, P-P=108BARM, P/B ratio=17.3 
               3 STRING, @ 7M, OUT-128HZ/72DB DFS V 

MAXIMUM OUTPUT IN ARRAY SEE ABOVE 
PEAK TO BUBBLE RATIO SEE ABOVE 
LATERAL ARRAY SIZE VARIABLE 
LONGITUDINAL ARRAY SIZE 16.5 M 
CHARACTERISTICS OF FIRING CONTROL 
UNIT GCS-90 

TYPE, NO. AND LOCATION OF NEAR-FIELD 
HYDROPHONES 

7 / SUBARRAY,  
1 ABOVE EACH GUN / 1 ABOVE EACH CLUSTER 

TYPE, NO. AND LOCATION OF DEPTH 
SENSORS 

7 / SUBARRAY,  
1 ABOVE EACH GUN / 1 ABOVE EACH CLUSTER 

MINIMUM RECYCLE TIME 6 SEC 

COMPRESSORS 3 x LMF 

TOTAL AIR CAPACITY IN SCFM 3 x 1550 SCFM @ 3000PSIG 
NOMINAL SPARE AIR CAPACITY 2,200 MINIMUM (OPERATE WITH 1 OR 2 COMPRESSORS) 
TIMING CONTROL GCS-90 
OPERATING AIR CAPACITY 5260 IN3 @ 2000 PSI 
GUN SYNCHRONISATION SPECS +/- 1.5MS 
GUN TIMING RESOLUTION 0.1MS 
QUALITY CONTROL SSMS AND ONBOARD PROCESSING 
TOW SYSTEM BAROVANES 
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L. GUN CONTROLER 
 
 
GUN CONTROL AND OUTPUT MONITORING 
SYSTEMS  

MANUFACTURER SYNTRON INC – GCS 90 
NUMBER OF CHANNELS 8-128 GUNS IN 8-CHANNEL INCREMENTS 
SENSOR AND FIRE COMMAND RESOLUTION 0.1 MS 
DISPLAY RESOLUTION 0.1 MS 
TIMING ALGORITHM  GCS90 STANDARD 

DISPLAY VGA MONITOR 
ARRAY SEQUENCING ANY, UP TO 96 GUNS, MULTIPLE PARAMS 

AUTOFIRE DETECTION 4-8 VOLT TYPICAL OUTSIDE TIMING WINDOW 

OUTPUT 60, 90, 125, 150, 180 VOLTS 
DATA RECORDING HARDCOPY & ELECTRONIC PRINTOUTS 
SIGNATURE RECORDING AG SOURCE MONITORING SYSTEM 

OPERATOR INTERFACE 
FUNCTION KEYS 
POP-UP MENUS FOR PARAMETER ENTRY 
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M.  STREAMER / SOURCE POSITIONING 
 
 
CABLE LEVELER WITH DEPTH AND COMPASS 
TYPE DIGICOURSE MODEL 5011 COMPASS BIRDS 
MANUFACTURER DIGICOURSE 
CONTROLLER DIGICOURSE SYSTEM 3  
CABLE/STREAMER INTERFACE UNIT IO DIGICOURSE INTERFACE UNIT 
NUMBER OF COMPASS BIRDS PER CABLE EVERY 300M NOMINAL 
CABLE LEVELER – IN WATER UNIT DIGICOURSE MODEL 5011 
OPERATIONAL DEPTH RANGE 0-122M (0-400FT) 
DEPTH TRANSDUCER TYPE MODEL 483 DEPTH SENSOR 
DEPTH ACCURACY +/- 0.15M (+/-0.5FT) 
LIFT 15.9KG (35LBS) @ 5 KT (15° WING ANGLE) 
BATTERY TYPE SLB 150 – LONGLIFE LITHIUM 
HEADING SENSOR TYPE MODEL 321 HEADING SENSOR 
HEADING ACCURACY 0.5° 

 
 
ACOUSTIC SYSTEMS  
MANUFACTURER / SYSTEM NAME DIGICOURSE SYSTEM 3 
TYPE CMX (CONCURRENT MULTICHANNEL TRANSCIEVERS) 

COMM. FREQUENCY 26KHz FSK 
MEASUREMENT FREQUENCY 50-100KHZ 

TOTAL RANGES  8 PER UNIT 
RANGE RESOLUTION 0.05MS 

IMMUNITY TO MULTIPATH YES 

POWER SUPPLY/LIFE (STANDARD XSRS 
UNIT) 

6 MONTHS 

POWER SUPPLY/LIFE (XSRS 750 UNIT) N/A 

UNITS ON VESSEL 82 TOTAL / 19 SPARE  

UNITS ON STREAMER 7 PER STREAMER 
UNITS ON SOURCE 1 PER SUBARRAY 
MAX-MIN RANGE 8-1200 METERS 
SOUND VELOCITY PROBE IO VELOCIMETER 7000 

 
 
TAIL BUOYS  
MANUFACTURER PARTNERPLAST 
TAILBUOY POSITIONING BUOYLINK OR SEATRACK (RGPS) 
ACOUSTIC NONE 
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RGPS & ACOUSTIC ON GUNS ARRAYS  
MANUFACTURER TYPE RGPS FUGRO SEATRACK OR SEAMAP BUOYLINK 
NUMBER OF RGPS 1 PER GUN STRING 
MANUFACTURER TYPE ACOUSTIC DIGICOURSE SYSTEM 3 
NUMBER OF TRANSDUCER 1 PER GUN STRING 
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N. INTEGRATED NAVIGATION SYSTEM 
 
 
SYSTEM  
PLATFORM CONCEPT SYSTEMS LTD - ORCA 
COMPUTER IBM SYSTEM X3650 
OPERATING SYSTEM LINUX RED HAT ENTERPRISES V.4 
MEMORY MODULES 4GB 
DISK CONTROLLER  
DISK DRIVES EONSTOR A12F/A08F-G2422 6TB 
PERIPHERALS KEYBOARDS, MICE, PRINTERS 
SERIAL ACQUISITION AS REQUIRED 
NETWORK GIGIBIT 
LOGGING FORMATS P2/94, P2/91, P1/90, P1/84 ETC. 
LOGGING SUPPORT HOUSTON 
SHOOTING MODE 2D, 3D, 4D, MULTIBOAT, WIDE MULTI-AZIMUTH 

NAVIGATION QC 
REALTIME QCN / NRT PROCESSING 
SPRINT POST-ACQUISITION 

DISPLAY 6 x 21IN LCD MONITORS 
PLOTTER YES 
PERIPHERALS KEYBOARDS, MICE, PRINTERS 
 
 
RGPS SOFTWARE  
SYSTEM CONCEPT SYSTEMS LTD - STORM 
OPERATING SYSTEM  LINUX RED HAT ENTERPRISES V.4 

 
 
PRIMARY DGPS  
NAME OF SYSTEM VERIPOS ULTRA 
MANUFACTURER SUBSEA 7 
CONTRACTOR SUBSEA 7 

 
 
VESSEL INSTALLATION  
RECEIVER TYPE ASHTECH 
SOFTWARE AND VERSION VERIFY qc 1.07 
DIFFERENTIAL CORRECTION 
TRANSMISSION 

SPOTBEAM 

 
 
SECONDARY DGPS  
NAME SYSTEM C-NAV 
MANUFACTURER C & C TECHNOLOGIES INC. 
CONTRACTOR C & C TECHNOLOGIES INC. 
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VESSEL INSTALLATION  
RECEIVER TYPE C & C 2050 
SOFTWARE AND VERSION STAR UTIL 100.3.1 
DIFFERENTIAL CORRECTION 
TRANSMISSION 

N/A 

 
 
3RD & 4TH DGPS  
SYSTEM N/A 
HARDWARE N/A 
DIFFERENTIAL CORRECTION 
TRANSMISSION 

N/A 
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O. ON BOARD BINNING SYSTEM 
 
 
SYSTEM   
PLATFORM CONCEPT SYSTEMS LTD. -  REFLEX 
COMPUTER PENGUIN RELION 2600SA  

INTEL XEON 5150 @ 2.66GHZ 
OPERATING SYSTEM LINUX RED HAT V.4 
MEMORY MODULES 2GB 
DISK CONTROLLER RAID 
DISK DRIVES 1TB 
PERIPHERALS KEYBOARDS, MICE, PRINTERS, OPTICAL DRIVES, 

PLOTTERS 
DISPLAY 2 x 19 IN LCD MONITORS 
NETWORK GIGIBIT 
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P. ON BOARD NAVIGATION PROCESSING 
 
 
SYSTEM  CONCEPT SYSTEMS LTD. -  REFLEX 

COMPUTER 
PENGUIN RELION 2600SA  
INTEL XEON 5150 @ 2.66GHZ 

OPERATING SYSTEM LINUX RED HAT V.4 
MEMORY MODULES 2GB 
DISK CONTROLLER RAID 
DISK DRIVES 1TB 
NETWORKS GIGIBIT 
PERIPHERALS KEYBOARDS, MICE, PRINTERS, OPTICAL DRIVES, 

PLOTTERS 
DISPLAY 2 x 21 IN LCD MONITORS 
LOGGING SUPPORT HOUSTON 
LOGGING FORMATS P2/94, P2/91, P1/90 & BINNING & ATTRIBUTE FORMATS 
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Q. OTHER NAVIGATION EQUIPMENT 
 
 
SYSTEM  
SOUND VELOCITY ON STREAMER DIGICOURSE SMART SV 4216 VELOCIMETER 
SOUND VELOCITY PROFILER APPLIED MICROSYSTEMS CTD 
EXPENDABLE PROFILING SYSTEM SIPPICAN – AS REQUIRED 
WATER SPEED LOG ON STREAMER N/A 
WATER SPEED LOG ON HULL NORTEK ADCP 
ECHO SOUNDER SIMRAD EA500 
ACOUSTIC CURRENT PROFILER NORTEK VM ADCP 
GYROCOMPASS 2 x SG BROWN MERIDIAN 
GPS COMPASS TRIMBLE MS 860 
TRUE HEADING SENSOR  N/A 
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R. ON BOARD SEISMIC PROCESSING 
 
 
PROCESSING EQUIPMENT  
PROCESSING PLATFORM 2 x IBM x3755 TYPE 8877 
NUM OF CPU@FREQUENCY 8 x AMD OPTERON - 2.6GHz 
TOTAL RAM  MEMORY 64 GB 
DISK STORAGE (STAGE)  
DISK STORAGE (SCRATCH) 37.1 TB 
NODE MEDIATOR N/A 
NODE CONTROL WORKSTATION N/A 
NODE DATA LOGGER N/A 
NODE TAPE SERVER 2 x IBM XSERIES 346 
NODE QC N/A 
COMPUTING NODES N/A 
NETWORK GIGIBIT NETWORK 
ETHERNET LINK TO ARGUS GIGIBIT NETWORK 
OPERATING SYSTEM SUSE LINUX 10.1 
TAPE DRIVES  
EXABYTE 8MM DRIVES  
LTO1 (100/200GB) TAPE DRIVES 

 
8 x 3592 
2 x 3590 

DATA TRANSMISSION VSAT 128KBPS FULL DUPLEX 
PROCESSING SOFTWARE SEISMIC TANGO 3408 
PROCESSING WORKSTATION IBM INTELLISATION M PRO PC WORKSTATION 
RTQC SEISNETQC 
PLOTTER/PRINTER GS-624 THERMAL PLOTTER 

 
PROCESSING CAPABILITY THE PROCESSING POWER IS ADEQUATE FOR 

COMPREHENSIVE ACQUISITION QC AND FULL PRE-STACK 
PROCESSING WITH FAST TRACK NMO/STACK OR FINAL 
DMO/STACK AND POST STACK MIGRATION. 
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S. 2 years survey history  
 
 
SURVEY  
HISTORY  

DATE CLIENT AREA TYPE PARAMETERS 
15May 08  Data Library Garden Banks WAz 10x120x8100  1x5260in3 
08Apr 07  Data Library Walker Ridge WAz 10x100x8100  No source 
27Jan07  Data Library Alaminos Canyon 3D 10x100x8100   2x5260in3 
15Sep06  Data Library UKCS Quad 21 3D 8x100x6000    2x4450in3 
19Jun06  Data Library UKCS Quad 30 3D 8x100x6000    2x4450in3 
12Mar06  Kerr-McGee Trinidad & Tobago 3D 6x  75x6000    2x5260in3 
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ACCELERATED WEIGHT DROP 



Seismic Source Specifications 
 
Two types of seismic sources will be used. The smaller source is an accelerated weight 
drop (ADW) mounted on an International 4800 4x4 25,000 lb GVW with ZXL wide base 
tires (445/65R22.5) that are 17.6 inches wide. The 450 lb AWD is mounted in the rear as 
shown in Figure 1. The specifications of the AWD source are listed in Table 1. The larger 
source is the Inova AHV-IV (PLS 362) vibrator with a maximum GVW of 66,000 lbs 
with sand tires (Figure 2). Vibrator vehicle specifications are provided in Table 2 . 

Figure 1. AWD vehicle and source in operation. The maximum height of the vehicle is 9 
feet. 
 
Table 1. AWD Specifications 
Model AF450 Autofire, P wave 
Assembly weight 1825 lbs (828 kg) 
Overall height 92 in (234 cm) 
Hammer weight 458 lbs (208 kg) 
Flight distance 16.50 in (42 cm) Fully enclosed 
Nitrogen spring Single Serviceable 
Nitrogen pressure range 500-2000 psi (34.5-138 bar) 
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