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1.0 PURPOSE AND NEED
This Supplemental Environmental Report (SER) has been prepared to assess the potential impacts on the
human and natural environment associated with proposed modifications in the design, installation, and
operations and maintenance (O&M) of components of the Coastal-Scale Nodes (CSN) Endurance Array,
CSN Pioneer Array, and the Global-Scale Nodes (GSN) of the Ocean Observatories Initiative (OOI) that
were previously assessed in a Site-Specific Environmental Assessment (SSEA) (National Science
Foundation [NSF] 2011a, b) and 2013 SER (NSF 2013). The SSEA was prepared by NSF to assess the
potential impacts on the human and natural environment associated with proposed site-specific
requirements in the design, installation, and operation of the OOI that were previously assessed in a
Programmatic Environmental Assessment (PEA) (NSF 2008, 2009a) and a 2009 SER (NSF 2009b). The
SSEA analysis concluded that installation and O&M of the proposed OOI as presented in the 2011 Final
SSEA would not have a significant impact on the environment and a Finding of No Significant Impact
(FONSI) was signed on January 31, 2011 (NSF 2011b) (Appendix A). In addition, an SER was prepared
in 2013 to determine if proposed OOI design modifications since completion of the 2011 SSEA would
result in significant impacts to the environment not previously assessed in the SSEA, including
cumulative impacts. Based on the analysis in the 2013 SER, there would be no additional impacts on any
resource area with implementation of the proposed OOI design modifications, and the 2013 SER
concluded that the FONSI for the 2011 SSEA was still warranted (NSF 2011b), and additional National
Environmental Policy Act (NEPA) documentation was not necessary.
The purpose of this SER is to determine if the proposed OOI design modifications since completion of the
2013 SER would result in significant impacts to the environment not previously assessed in the SSEA and
2013 SER, including cumulative impacts. If the proposed modifications would result in potentially
significant impacts or impacts that were not addressed in the SSEA and further analysis were deemed
necessary, then in accordance with NEPA (42 U.S. Code §4321 et seq.) and the Council on
Environmental Quality Regulations for Implementing the Procedural Provisions of NEPA (Title 40 Code
of Federal Regulations [CFR] §§1500-1508), a Supplemental Environmental Assessment or an
Environmental Impact Statement would need to be prepared and distributed for review and comment.
1.1

BACKGROUND

The following is a brief summary and background based upon the information provided in the 2011
SSEA. For a detailed description of the purpose, goals, and design of the OOI, please refer to the 2008
PEA, 2009 SER, and 2011 SSEA (NSF 2008, 2009b, 2011a).
1.1.1

OOI Coastal, Regional, and Global Scales

To provide the U.S. ocean sciences research community with the basic sensors and infrastructure required
to make sustained, long-term, and adaptive measurements in the oceans, the NSF’s Ocean Sciences
Division developed the OOI from community-wide, national, and international scientific planning efforts.
OOI builds upon recent technological advances, experience with existing ocean observatories, and lessons
learned from several successful pilot and test bed projects. The OOI would be an interactive, globally
distributed and integrated network of cutting-edge technological capabilities for ocean observatories. This
network of sensors would enable the next generation of complex ocean studies at the coastal, regional,
and global scale.
The OOI infrastructure includes cables, buoys, deployment platforms, moorings, junction boxes, electric
power generation (solar, wind, fuel cells, and undersea cabled power supplies), mobile assets (i.e.,
autonomous underwater vehicles [AUVs] and gliders), and two-way communications systems. This large-
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scale infrastructure would support sensors located at the sea surface, in the water column, and at or
beneath the seafloor.
As described in detail in the PEA, the OOI design is based upon three main physical infrastructure
elements across global, regional, and coastal scales. At the global and coastal scales, mooring
observatories would provide locally generated power to seafloor and platform-mounted instruments and
sensors and use satellite or other wireless technologies to link to shore stations and the Internet. Up to
four GSN or buoy sites for ocean sensing would be installed in the Eastern Pacific and Atlantic oceans.
The Regional-Scale Nodes (RSN) off the coast of Oregon would consist of seafloor and mooring
observatories with various physical, chemical, biological, and geological sensors linked with submarine
cables to shore that provide power and Internet connectivity. The CSN would be represented by the
Endurance Array off the coast of Washington and Oregon and the Pioneer Array off the southern coast of
Massachusetts. In addition, there would be an integration of mobile assets such as AUVs and gliders with
the GSN and CSN observatories.
1.2

SCOPE OF THIS SER

This SER addresses the proposed:
• modifications to the mooring components for the CSN (Pioneer and Endurance arrays) and
• modifications to the mooring and glider components for the GSN.
All other components and installation and O&M activities of the OOI would remain unchanged from the
description and analysis presented in the 2011 SSEA and 2013 SER. Section 2.0 describes in detail the
proposed changes to the Pioneer and Endurance arrays and GSN being addressed in this SER.

2

SER for Post-Final SSEA

Final

June 2015

2.0 DESCRIPTION OF PREVIOUSLY ASSESSED OOI COMPONENTS
AND PROPOSED MODIFICATIONS
2.1 COASTAL SCALE NODES (CSN)
2.1.1

Pioneer Array

The Mid-Atlantic Bight of eastern North America is characterized by a relatively broad shelf, a persistent
equator-ward current originating from the north, a well-defined shelfbreak front separating shelf and slope
waters, distributed buoyancy inputs from rivers, variable wind forcing, and intermittent offshore forcing
by Gulf Stream rings and meanders. The Pioneer Array would be designed to resolve transport processes
and ecosystem dynamics within the shelf-slope front, which is a region of complex oceanographic
dynamics, intense mesoscale variability, and enhanced biological productivity. It would collect highresolution, multidisciplinary, synoptic measurements spanning the shelf break on horizontal scales from a
few kilometers to several hundred kilometers.
The Pioneer mooring array would extend approximately (approx.) 25 nautical miles (nm) across the
continental shelf, centered at the shelf-break front (refer to Figures 1 and 6 in the 2013 SER [NSF 2013]).
The array would employ surface moorings, subsurface profiler moorings, gliders, and AUVs to sample on
multiple horizontal scales from the air-sea interface to the seafloor. The surface moorings would be
equipped to measure surface meteorology and air-sea fluxes, fitted with power generation capability, and
moored with electrical-mechanical (EM) cable to the seafloor, allowing incorporation of a benthic node
for science user instrumentation.
2.1.1.1

Pioneer Array Components Previously Assessed in the PEA, SSEA and 2013 SER

The Pioneer mooring array, as described in the SSEA and 2013 SER, would consist of 2 lines of
moorings running approx. north-south across the continental shelf (refer to Section 2.2.1.2 of the SSEA
and Section 2.1.1.2 of the 2013 SER for details and figures depicting the Pioneer Array components and
configuration). The western (downstream) line would consist of surface moorings, wire-following profiler
moorings with a small surface expression, and surface-piercing profiler moorings with intermittent
surface expression. The eastern (upstream) line would consist of a surface mooring, surface-piercing
profiler (CSPP) mooring, and wire-following profiler moorings with a smaller surface expression. Gliders
and AUVs would run missions in the vicinity of the moored array. A total of 10 moorings would be
installed on the seafloor under the SSEA and 2013 SER. In addition, 3 AUVs and 6 gliders would be used
to provide monitoring abilities across the entire shelf break. A summary of components and design
modifications previously assessed in the SSEA and 2013 SER is provided in Table 1. Further details can
be found in those respective documents (NSF 2011a, 2011b, 2013).
Based on design changes and power requirements, it has been determined that the AUV docks will
require more power than can be generated or stored from wind or solar alone. As stated in the 2008 PEA,
the surface moorings would be capable of being upgraded to a power system using 100% methanol
(M100) in the proposed fuel cells.
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Table 1. Summary of Previously Assessed (SSEA and 2013 SER) and Proposed Modifications
(2015 SER) to Pioneer Array Infrastructure
Item

SSEA, 2013 SER
• 3 EM surface moorings with MFN footprint of
8 m2.
• 2 CSPP moorings.

Moorings

• 5 wire-following profiler moorings.
• Active & non-active acoustic sensors on
moorings.
• 2 guard buoys to mark the location of the
surface piercing profilers at the Inshore and
Central mooring sites.
• AUV docking stations mechanically separated
from the Inshore and Offshore moorings and
connected by cable to the mooring base. Each
docking station would have a footprint of
12.25 m2.
• Surface buoys would be upgraded to a 100%
methanol fuel cell power generation system.

•
•
•
•
•
•

•
•

AUVs &
Gliders

• 3 AUVs and 6 gliders.
• AUV mission box = 2,489 nm2.
• Glider mission box = 7,145 nm2.

2015 SER*
3 EM surface moorings with MFN footprint of
8 m2.
Option to replace the 2 CSPP moorings at
the Inshore and Central mooring sites with
wire-following profiler moorings.
5 wire-following profiler moorings.
Active & non-active acoustic sensors on
moorings.
2 guard buoys to mark the location of the
surface piercing profilers at the Inshore and
Central mooring sites.
AUV docking stations mechanically separated
from two of the three surface moorings (at
Inshore, Offshore, or Central sites) and
connected by cable to the mooring base. Each
docking station would have a footprint of
12.25 m2.
Surface buoys would be upgraded to a 70%
methanol/30% water fuel cell system.
Option to deploy the AUV docking station
at the Central mooring.
No changes

Note: *Bolded entries are proposed modifications to the Pioneer Array assessed in this SER.
Sources: NSF 2011a, 2013; Consortium for Ocean Leadership 2015.

2.1.1.2

Proposed Pioneer Array Design Modifications

The location of the proposed revisions to the Pioneer Array, inclusive of the glider mission box, is still
within the area previously assessed in the SSEA. As assessed in this SER as the Proposed Action, the
proposed changes in the Pioneer Array configuration would include:
• Replacement of coastal surface-piercing profiler (CSPP) moorings at the Inshore and Central
mooring sites with wire-following profiler moorings.
• Upgrade power supply to a 70% methanol/30% water fuel cell on surface moorings.
• The option to deploy an AUV dock at the Central mooring site.
CSPP Moorings
If the CSPP moorings at the Inshore and Central mooring sites (Figure 1a) do not reliably perform, they
would be replaced by wire-following profiler moorings (Figure 1b). The benthic footprint of the wirefollowing profilers would be the same as that of the CSPPs.
Methanol Fuel Cells
Based on power requirements for the surface moorings, particularly to operate the AUV docks, it has been
determined that the Pioneer Array would include fuel cells consisting of 70% methanol and 30% water to
supplement the power provided by wind and solar power. In addition, within the methanol fuel cell would
be a sealed heat exchanger containing a 50% ethylene glycol/50% water mixture.
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AUV Docking Stations
As assessed in the 2011 SSEA and 2013 SER, 2 AUV docks were to be incorporated into the surface
mooring MFNs at the Inshore and Offshore mooring sites within the 0.5-nm radius buffer zone of each
mooring site (refer to Figures 5a and 5b of the 2013 SER). Based on design changes, an amendment to the
current USACE permit would be requested to allow an option to deploy the dock at the Central surface
mooring. This would not be an additional AUV dock. There would still be a maximum of 2 docks
deployed on the array, but deployment would be on 2 out of any of the 3 surface moorings.
(a)

(b)

Figure 1. Schematic Diagram of the Planned Mooring Design (a) at the Inshore and Central Sites of
the Pioneer Array and the Alternative Design (b) that may Replace the Planned Design as Proposed
in this SER
2.1.1.3

Installation and O&M of Pioneer Array

The methods for the installation of infrastructure of the Pioneer Array and conducting routine O&M
activities that were described in the 2011 SSEA (refer to Section 2.2.6 of the PEA) would be used for the
proposed design modifications assessed in this SER. Installation and O&M activities use standard
methods and procedures currently used by the ocean observing community, such as National Oceanic and
Atmospheric Administration’s (NOAA’s) National Data Buoy Center and programs funded by the NOAA
Integrated Ocean Observing System. There would be no changes to the installation of the Pioneer Array
components as addressed in Sections 2.1.1.3 and 2.1.1.4 and Tables 2 and 3 of the 2013 SER (NSF 2013).
2.1.1.4

Special Operating Procedures (SOPs) for Installation and O&M of the Proposed Modifications
to the Pioneer Array

The proposed modifications to the Pioneer Array do not require any changes or additions to the SOPs that
were presented in the SSEA (Section 2.2.10, Table 2-13). The SOPs presented in Table 2 would be
implemented as part of the proposed design modifications to avoid and minimize any potential impact to
commercial fishing activities.
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Table 2. SOPs to be Implemented under the Proposed Modifications to the Pioneer Array
1. All Pioneer Array moorings would be permitted as Private Aids to Navigation (PATONs) through the USCG. Surface
buoys would be marked per U.S. Coast Guard (USCG) requirements, with all required lights and markings, with locations
appearing in the Notice to Mariners (NOTMAR) and Local Notice to Mariners (LNM). Surface buoys would be marked
with contact information, which will be included in the NOTMAR and LNM with suggested buffer zones* around
moorings. Should any vessel accidentally snag OOI moorings or equipment, they are to contact that number and/or the
USCG. As Pioneer Array moorings will be considered PATONs, they are protected by USCG rules and regulations
pertaining to Aids to Navigation (33 CFR 66 and 33 CFR 70). Penalties for interference, collision, and vandalism can be
levied by the USCG in accordance with 33 CFR 70. So long as surface buoys are marked per regional USCG requirements,
all lights and markings are operating correctly, and the infrastructure is on the marked location (i.e., as described in
NOTMAR and LNM), the OOI project is not liable for snagging of or damage to any gear or vessel.
2. Locations for all moorings and associated components of the Pioneer Array would be published on NOAA charts once
moorings are listed in the USCG NOTMAR and LNM. In addition, accurate locational information would be made
available to fishers to assist their avoidance of the instruments.
3. The coordinates for Pioneer Array AUV and glider mission boxes would be published through a NOTMAR. Gliders and
AUVs would be marked with the name of the owning organization and a contact phone number that fishers can call to
report potential entanglements.
Source: Table 2-13 from NSF (2011a).
Note: * OOI buffer zones are suggested voluntary areas to avoid.

2.1.2

Endurance Array

The coastal ocean off Oregon and Washington is characterized by a relatively narrow shelf, an energetic
eastern boundary current, persistent wind-driven upwelling, a large buoyancy source (fresh water from
the Columbia River), a number of distinct biogeographical regimes, mesoscale variability forced by
bathymetry and fluid instabilities, and interannual variability forced by fluctuations in the tropical Pacific
(e.g., El Niño Southern Oscillation), as well as variations in the large-scale circulation of the North
Pacific (e.g., Pacific Decadal Oscillation). Over this shelf, water properties and biological community size
and composition vary most strongly in the cross-shelf direction. A well-instrumented array spanning the
continental shelf is key to sorting out ecosystem responses across this strong gradient. The proposed
Endurance Array would be comprised of two lines of moorings, one located off the coast of central
Oregon (Oregon Line), and a second off the coast of central Washington (Washington Line). Both lines
would consist of surface and subsurface moorings and would employ gliders.
2.1.2.1

Endurance Array Components Previously Assessed in the SSEA and 2013 SER

The Endurance Array would be comprised of the Oregon Line and the Washington Line of moorings
(refer to Section 2.2.1.1 of the 2008 PEA and Section 2.2.1.1 of the 2011 SSEA). Both lines would
consist of surface and subsurface moorings and would employ gliders. The 80-m Shelf and 600-m
Offshore moorings on the Oregon Line would be cabled and connected to the backbone cable of the RSN.
As assessed in the 2011 SSEA (Section 2.2.1.1) and 2013 SER (Section 2.1.2.3), the Oregon and
Washington lines would include those items listed in Table 3 below. Refer to the SSEA and 2013 SER
(NSF 2011a 2013) for further details.
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Table 3. Summary of Previously Assessed (SSEA, 2013 SER) and Proposed Modifications (2015 SER)
to Endurance Array Infrastructure
Item

Oregon
Line

Washington
Line

Gliders

SSEA and 2013 SER*
• Active and non-active acoustic sensors on
moorings & benthic nodes.
• 1 paired surface/subsurface mooring at the
Inshore Site (approx. 25 m) with MFN footprint
of 8 m2 and anchor footprint of 0.8 m2.

• 1 surface mooring at approx. 80 m with a BARF
footprint of 8 m2.
• 1 BEP at approx. 80 m cabled to node PN1D of
the RSN with a footprint of 8 m2.
• 1 subsurface cabled CSPP mooring at Shelf Site
(approx. 80 m) with an MFN footprint of 8 m2.
• 1 BEP at with a footprint of 8 m2 at approx. 600
m cabled to node PN1C of the RSN.
• 1 deep profiler mooring at approx. 600 m cabled
to node PN1C of the RSN with one anchor with
a footprint of 0.8 m2 each.
• 1 shallow profiler mooring at approx. 600 m
with two anchors with a footprint of 1.1 m2 each.
• 1 surface mooring at approx. 600 m with an
anchor footprint of 0.8 m2.
• 3 paired surface/subsurface moorings at approx.
25 and 80 m with MFN footprints of 8 m2 and
anchor footprint of 0.8 m2.

• Paired surface and wire-following profiler
mooring at approx. 600 m with MFN footprint
of 8 m2 and anchor footprint of 0.8 m2.
• Active and non-active acoustic sensors on
moorings and benthic nodes.
•
•
•
•

Mission box to 128° W.
N-S glider track along 126° W.
5 east-west glider tracks from coast to 128° W.
6 gliders.

2015 SER*
• No change.
• 1 paired surface/subsurface mooring at the
Inshore Site (approx. 25 m) with MFN footprint
of 8 m2 and anchor footprint of 2.2 m2.
• During winter, replace Inshore CSPP
mooring with up to 2 hybrid gliders;
therefore total of 6-8 gliders (see below under
Gliders).
• No change.
• No change.
• 1 subsurface uncabled CSPP mooring at Shelf
Site (approx. 80 m) anchor footprint of 2.2 m2.
• No change.

• No change.

• No change.
• 2 paired surface/subsurface moorings at approx.
25 and 80 m with MFN footprint of 8 m2 and
anchor footprint of 2.2 m2.
• During winter, replace Inshore CSPP
mooring with up to 2 hybrid gliders;
therefore total of 6-8 gliders (see below under
Gliders).
• Paired surface and wire-following profiler
mooring at approx. 600 m with MFN footprint
of 8 m2 and anchor footprint of 0.8 m2.
• Active and non-active acoustic sensors on
moorings and benthic nodes.
• Mission box to 128° W.
• N-S glider track along 126° W.
• 5 east-west glider tracks from coast to 128° W.
• Replace Inshore CSPP moorings with up to 2
hybrid gliders; therefore total of 6-8 gliders.

Notes: *BEP = Benthic Experiment Package; BARF = Benthic Anchor Recovery Frame; PN = Primary Node.
Bolded entries are proposed modifications to the Endurance Array assessed in this SER.
Sources: NSF 2011a, 2013.

2.1.2.2

Proposed Endurance Array Modifications

As assessed in this SER as the Proposed Action (Table 3), the proposed change in the Endurance Array
would include:
• Revised CSPP mooring anchor frame at Oregon Inshore Site (25 m).
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• Replace the subsurface, cabled CSPP mooring at Oregon Shelf Site (80 m) with an uncabled
CSPP mooring.
• During winter, replace Oregon and Washington Inshore (25 m) CSPP moorings with up to 2
hybrid gliders.
Revised CSPP Mooring Anchor at Oregon and Washington Inshore Sites (25 m) and Washington Shelf
Site (80 m)
The proposed Endurance CSPP anchor system would have an anchor frame offset from the profiler with a
stiffened 5/8-in chain running 12 m along the seafloor to the profiler unit (Figure 2). The purpose of the
chain is to dampen tension/strain on the profiler winch as the profiler bobs up and down in the energetic
wave environment of coastal Oregon. The anchor frame is recoverable and trawl resistant. The mooring
anchor would be placed upon sandy bottom, in an area devoid of nearby hardbottom, kelp bed, or seagrass
resources. The proposed revised CSPP anchor footprint on the bottom would be 2.2 m2 compared to the
previous anchor footprint of 0.8 m2.
Replace Cabled CSPP at Oregon Shelf Site (80 m)
The cabled CSPP mooring at the Oregon Shelf Site (80 m) may be replaced with an uncabled CSPP. This
option would use an existing design and would be placed within the site radius of the Oregon Shelf
Surface mooring (i.e., within the 0.5-nm radius voluntary area to avoid).
Winter Replacement of Oregon and Washington Inshore (25 m) CSPP Mooring with up to 2 Hybrid
Gliders
Wave modeling shows the CSPP moorings cannot withstand the winter wave action at the shallow
Washington and Oregon Inshore sites (25 m). If the proposed revised CSPP mooring anchor frame (see
above) does not work, there is an option to replace the CSPPs at the inshore sites with instrumented
“hybrid gliders” (i.e., gliders with thruster capability to provide observations during winter). The thruster
is a small collapsible propeller that would fold closed when flying in buoyancy mode. The thruster is
capable of overcoming currents of up to 2 knots and would improve navigational control in strong current
regimes like coastal Oregon. This would potentially increase the maximum number of gliders in the
Endurance Array glider mission box from 6 gliders to up to 8 gliders during the winter season.
The addition of up to 2 gliders within the mission box extending offshore from northern Washington to
southern Oregon (refer to Figure 2-1b of the SSEA) would not result in any additional impacts within the
marine environment that were already assessed in the SSEA and 2013 SER. Therefore, the addition of up
to 2 gliders associated with the Endurance Array does not require further environmental analysis.
2.1.2.3

Installation and O&M of Endurance Array

The methods for the installation of infrastructure of the Endurance Array and conducting routine O&M
activities that were described in the 2011 SSEA (refer to Section 2.2.8.2) would be used for the proposed
Endurance Array modifications assessed in this SER. Installation and O&M activities use standard
methods and procedures currently used by the ocean observing community, such as NOAA’s National
Data Buoy Center and programs funded by the NOAA Integrated Ocean Observing System.
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Floats for anchor recovery

Line wrapped on spool instead of
stuffed inside to prevent knotting

Weights within frame instead of below it,
so bottom surface is flat

Dimensions of CSPP Anchor Frame
• Length = 1.78 m
• Width = 1.24 m
• Height (to frame top) = 0.53 m
• Height (to top of floats) = 0.66 m
• Footprint = 2.21 m2

CSPP Profiler Package

Figure 2. Revised CSPP Anchor Design for Inshore Mooring (Oregon Line) and Shelf Mooring
(Washington Line) of the Endurance Array as Proposed in this SER
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SOPs for Installation and O&M of the Proposed Modifications to the Endurance Array

The proposed modifications to the Endurance Array do not require any change or additions to the SOPs
that were presented in the SSEA (Section 2.2.10, Table 2-13). The SOPs presented in Table 4 would be
implemented as part of the proposed design modifications to avoid and minimize any potential impact to
commercial fishing activities.
Table 4. SOPs to be Implemented under the Proposed Modifications to the Endurance Array
1. The Oregon Fishermen‘s Cable Committee (OFCC) has been notified regarding the proposed cabled moorings and sensors of
the Oregon Line. In accordance with Oregon State law, the Consortium for Ocean Leadership entered into a formal agreement
with OFCC to minimize risks to, interference with, and/or interruption of commercial trawler activities and OOI activities.
2. All Endurance Array moorings would be permitted as PATONs through the USCG. Surface buoys would be marked per
USCG requirements, with all required lights and markings, with locations appearing in the NOTMAR and LNM. Proposed
surface buoys would be marked with contact information, which will be forwarded to the USCG for inclusion in the NM and
LNM with suggested buffer zones* around moorings. Should any vessel accidentally snag OOI moorings or equipment, they
are to contact that number and/or the USCG. As OOI moorings will be considered PATONs, they are protected by USCG
rules and regulations pertaining to Aids to Navigation (33 CFR 66 and 33 CFR 70). Penalties for interference, collision, and
vandalism can be levied by the USCG in accordance with 33 CFR 70. So long as surface buoys are marked per regional
USCG requirements, all lights and markings are operating correctly, and the infrastructure is on the marked location (i.e., as
described in NOTMAR and LNM), the OOI project is not liable for snagging of or damage to any gear or vessel.
3. Locations for all moorings and associated components of the proposed Endurance Array would be published on NOAA Charts
once the moorings are listed on the NOTMAR and LNM. In addition, accurate locational information would be made
available to fishers to assist their avoidance of the instruments.
4. The coordinates for proposed Endurance Array glider tracks would be published through the NOTMAR and LNM. Gliders
would be marked with the name of the owning organization and a contact phone number that fishers can call to report
potential entanglements.
Source: Table 2-13 from NSF (2011a).
Note: * OOI buffer zones are suggested voluntary areas to avoid.

2.2

GLOBAL SCALE NODES (GSN)

The GSN would support air-sea, water-column, and seafloor sensors operating in remote, scientifically
important locations and provide data and near-real time interaction to diverse communities of scientific
and educational users. The scientific goals are to provide sustained atmospheric, physical,
biogeochemical, ecological, and seafloor observations at high latitudes. These observations are required
to understand critical influences on the global ocean-atmosphere system such as air-sea interactions and
gas exchange; the global carbon cycle; ocean acidification; and global geodynamics.
Moored buoy, open-ocean observatories are well suited to address these requirements, especially in
remote areas where cabled observatories are unavailable or prohibitively expensive to install. Thus,
moored buoy observatories are an important complement to other components of the global ocean
observing system that include satellite remote sensing, cabled ocean observatories, coastal arrays, gliders
and AUVs, and research vessels.
2.2.1

GSN Mooring Array Design and Placement Previously Assessed in the PEA and 2013 SER

The design for the GSN moored arrays proposed for the high-latitude sites was described and assessed in
the PEA (NSF 2008) and tiered SERs (NSF 2009a, 2013). The four sites proposed for implementation
are:
•
•
•
•

Station Papa in the southern Gulf of Alaska – 50° N, 145° W; depth = 4,250 m
Southern Ocean off Chile – 55° S, 90° W; depth = 4,800 m
Irminger Sea southeast of Greenland – 60° N, 39° W; depth = 2,800 m
Argentine Basin – 43° S, 42° W; depth = 5,200 m
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These high-latitude arrays consist of an acoustically linked surface discus buoy (except Station Papa), 1
subsurface hybrid profiler mooring, 2 flanking subsurface moorings, and 3 gliders.
Table 5. Summary of Previously Assessed (PEA and 2013 SER) and Proposed Modifications (2015
SER) to GSN Array Infrastructure
Item

PEA, 2013 SER

2015 SER*

Surface
Moorings

• Surface buoy anchoring system using 11-mm
diameter steel and synthetic mooring line
with 5 m of EM molded chain directly below
the buoy.

Subsurface
Profiler
Moorings

• Subsurface hybrid profiler moorings at
Station Papa, Southern Ocean, and Argentine
Basin sites would have an upper surfacepiercing profiler and two lower profilers to
sample within 200-250 m of the seafloor.
• The subsurface hybrid profiler mooring at the
Irminger Sea site would have an upper
surface- piercing profiler and one lower
profiler to sample within 200-250 m of the
seafloor.

Flanking
Moorings
Gliders

• The two flanking subsurface moorings
deployed to form a triangular array with the
central site (~20 to ~100 km on a side).
• 3 gliders at each GSN site.

• Addition of fixed instrumentation to mitigate
removal of the upper surface-piercing profiler.
• Global subsurface profiler moorings (i.e., no longer
hybrid) at Station Papa, Southern Ocean, and
Argentine Basin sites would have two lower profilers
to sample within 200-250 m of the seafloor. Removal
of upper surface-piercing profiler and addition of
oceanographic sensors.
• The subsurface profiler mooring (i.e., no longer
hybrid) at the Irminger Sea site would have a lower
profiler to sample within 200-250 m of the seafloor.
Removal of upper surface- piercing profiler and
addition of oceanographic sensors.
• Addition of fixed instrumentation to complement
the Overturning in the Subpolar North Atlantic
Program (OSNAP) Array.
• 5 gliders at each GSN site.

Note: *Bolded entries are proposed modifications to the Global Arrays assessed in this SER.
Sources: NSF 2008, 2009a; Consortium for Ocean Leadership 2015.

2.2.2

GSN Mooring Array Design Assessed in this SER

The GSN array design remains essentially as described in the PEA, 2009 and 2013 SERs, and SSEA
(NSF 2008, 2009b, 2011a, 2013). With maturation of the design, minor changes to the GSN design
include the removal of the upper surface-penetrating profilers at each GSN site, the addition of
instruments or sensors at all sites, and the addition of 2 gliders at each site (Table 5 and Figure 3).
2.2.2.1

Removal of Upper Surface-piercing Profilers

The upper surface-piercing profiler has been removed from the GSN design (Figure 3); this mooring is
now referred to as the global subsurface profiling mooring. The upper subsurface float would be moved
up to ~150 m depth.
2.2.2.2

Addition of Gliders

To provide profiling observations, 2 additional gilders with sensor suites comparable to the upper surfacepiercing profiler (now removed) will be added to the existing 3 gliders at each GSN site. These “profiling
gliders” will be designed and operated to sample the upper 200 m of the water column in proximity to the
global subsurface profiling mooring. Therefore, there will be up to 5 gliders operating in the array area of
each GSN site. This is the same number of gliders originally proposed and assessed in the PEA (NSF
2008).
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Figure 3. Representation of an Acoustically Linked Discus Buoy and Subsurface Moorings
Proposed for Use at the High-Latitude GSN Sites as Assessed in the PEA (a) and this SER (b)
2.2.2.3

Additional Oceanographic Sensors

To replicate some of the sensors that were on the upper surface-piercing profiler that would be removed,
additional sensors would be added to the global surface moorings of Irminger Sea, Argentine Basin, and
Southern Ocean Arrays. For Station Papa, which does not have a surface mooring, instruments would be
added to the subsurface mesoscale flanking moorings, and the subsurface float on those moorings would
be moved up to ~20 m depth. The sensors added to the other moorings in the GSN arrays and on the
global profiling gliders would be among those already part of the OOI design and previously assessed in
the SSEA.
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3.0 POTENTIAL IMPACTS WITH IMPLEMENTATION OF PROPOSED
MODIFICATIONS
3.1

PIONEER ARRAY

The affected environment would not change under the proposed modifications to the Pioneer Array
addressed in this SER. That is, the marine environment for all resource areas is the same as that
previously discussed and assessed in the 2011 SSEA and 2013 SER, only changes in the placement or
types of infrastructure are proposed. Those proposed changes are the scope of the analysis in this SER.
3.1.1

Installation and O&M Activities

Marine Biological Resources. The potential replacement of the CSPP moorings with wire-following
profiler moorings at the Inshore and Central mooring sites would not result in any changes to the potential
impacts on marine biological resources previously assessed in the SSEA and 2013 SER. The anchor
footprint on the seafloor would be the same for both mooring types and the location of the moorings
would not change. Although an AUV dock is proposed for the Central surface mooring, there would still
be a maximum of 2 docks deployed on the array, with deployment on 2 out of any of the 3 surface
moorings. Therefore, the area of Essential Fish Habitat (EFH) that would be impacted would be the same
as previously assessed in the SSEA and 2013 SER, and there would be no adverse impacts to EFH.
The Pioneer Array surface moorings would be upgraded to a methanol-based fuel cell power generation
system. A 70% methanol/30% water mixture would be used in the proposed fuel cells. An alcohol,
methanol is a clear, odorless, volatile liquid, and mixes completely in water. Based on a review of
existing information on the fate and transport of methanol in the environment (American Methanol
Institute 1999), it was determined that methanol was unlikely to accumulate in surface water in the event
of an accidental spill of a fuel cell. In surface water, the complete solubility of methanol would result in
rapid wave-, wind-, and tide-induced dilution to low concentrations. Relative to conventional gasoline and
diesel fuel, methanol is significantly less toxic to marine life than oil or gasoline and is considered a safer
and more environmentally benign fuel (American Methanol Institute 1999). In addition, as part of the
methanol fuel cell, a sealed heat exchanger tube in the fuel cell would contain a 50% ethylene glycol/50%
water mixture. It has been found that humans and animals that ingested or inhaled ethylene glycol in
concentrated quantities or were subject to long-term exposure exhibited physiological toxicity (U.S.
Environmental Protection Agency 2013). However, given the very small quantity of ethylene glycol
proposed for use in the fuel cells coupled with rapid wave-, wind-, and tide-induced dilution to low
concentrations if a fuel cell were to rupture, the potential impacts to marine biological resources from
ethylene glycol are considered discountable.
As the location of the moorings would not change, the potential for entanglement by marine mammals
would not change from that previously assessed in the SSEA and 2013 SER. No new species have been
listed or proposed for listing under the Endangered Species Act (ESA) that may occur within the Pioneer
Array project area. Therefore, with implementation of the proposed Pioneer Array design modifications
there would be no additional impacts to marine biological resources above those previously assessed in
the 2011 SSEA and 2013 SER.
Water Quality. With implementation of the proposed changes to the Pioneer Array, there would not be
any change in impacts to water quality beyond what was assessed in the 2008 PEA and 2011 SSEA. As
stated above under Marine Biological Resources, the potential for impacts to the marine environment
from the rupture of the proposed methanol-based fuel cells and the leaking of methanol and ethylene
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glycol into the marine environment is considered discountable. Therefore, there would be no significant
impacts to water quality with implementation of the proposed Pioneer Array design modifications.
Geological Resources. The potential replacement of the CSPP moorings with wire-following profiler
moorings at the Inshore and Central mooring sites and an AUV dock at the Central mooring site would
not result in any changes to the potential impacts on geological resources previously assessed in the
SSEA and 2013 SER. The anchor footprint on the seafloor would be the same for both mooring types and
the location of the moorings would not change. Impacts due to the deployment of the anchors associated
with the wire-following profilers and the AUV dock would be the same as that previously assessed for the
CSPP moorings and would include short-term disturbance of soft sediments and long-term coverage of
relatively small areas of substrate by the anchors and scientific sensors. Over time, the natural movement
of sediments by ocean currents and burrowing organisms would reestablish natural bottom topography.
These impacts on soft-bottom substrates are considered minor and would result in short-term insignificant
impacts to geological resources.
Socioeconomics (Fishing). The potential replacement of the CSPP moorings with wire-following profiler
moorings at the Inshore and Central mooring sites would not result in any changes to the potential
impacts on regional socioeconomic resources (fishing) previously assessed in the SSEA and 2013 SER.
Discussions with the regional fishing community resulted in the proposed configuration and placement of
the Pioneer Array moorings and the location of the moorings would not change. The proposed AUV dock
at the Central mooring site would be placed within the 0.5-nm radius of the mooring site, which is the
voluntary avoidance area. Therefore, there would be no significant impacts with the implementation of
the proposed Pioneer Array design modifications.
Cultural Resources. The potential replacement of the CSPP moorings with wire-following profiler
moorings at the Inshore and Central mooring sites would not result in any changes to the potential
impacts on cultural resources previously assessed in the SSEA and 2013 SER. The anchor footprint on the
seafloor would be the same for both mooring types, the AUV docks, and the location of the moorings
would not change. The deployment plan for the Pioneer Array would continue to avoid placing
infrastructure directly on any known cultural resources (including shipwrecks and sunken military craft).
Therefore, there would be no impacts to cultural resources with implementation of the proposed Pioneer
Array design modifications.
3.1.2

AUVs and Gliders

There are no proposed changes in the use or types of AUVs and gliders associated with the Pioneer Array
that were previously assessed in SSEA and 2013 SER.
3.1.3

Active Acoustic Sources

There are no proposed changes in the use or types of active acoustic sources associated with the Pioneer
Array that were previously assessed in SSEA and 2013 SER.
3.1.4

Summary

Due to the nature and extent of the proposed modifications to the Pioneer Array infrastructure, potential
impacts to marine biological resources, water quality, geological resources, socioeconomics (fishing), and
cultural resources would be discountable. In addition, the proposed modifications to the Pioneer Array
would not change the cumulative effects analysis as presented in the 2011 SSEA since no additional
regional cumulative projects have been proposed since the completion of the SSEA and 2013 SER, and
the proposed modifications would not result in any cumulative effects not previously assessed. Therefore,
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there would be no additional impacts on any resource area with implementation of the proposed Pioneer
Array design modifications, the FONSI for the 2011 SSEA is still warranted (NSF 2011b), and additional
NEPA documentation is not necessary.
3.2

ENDURANCE ARRAY

The affected environment would not change under the proposed modifications to the Endurance Array
addressed in this SER. Therefore, the affected environment for all resource areas is the same as that
previously discussed in the 2011 SSEA and 2013 SER.
3.2.1

Installation and O&M Activities

Marine Biological Resources. The installation of a revised CSPP mooring anchor system at the Oregon
Inshore Site and Washington Inshore and Shelf sites would impact an estimated 5.8 m2 of additional EFH
above the 58 m2 previously assessed in the 2013 SER. However, the cabled moorings at the Oregon Shelf
Site would be replaced with an uncabled CSPP, thereby impacting less seafloor and therefore less EFH.
This mooring would be placed within the site radius of the Oregon Shelf Surface mooring (i.e., within the
0.5-nm radius voluntary area to avoid). In addition, the potential replacement of the Oregon and
Washington Inshore CSPP moorings during winter with up to 2 hybrid gliders would eliminate the
associated anchor thereby reducing the total area of seafloor impacted by 2.2 m2 and resulting in impacts
to only an estimated 4.4 m2 of additional EFH. Therefore, this minor change would not result in adverse
effects to EFH.
As the location of the moorings would not change, the potential for entanglement by marine mammals
would not change from that previously assessed in the SSEA and 2013 SER. No new species have been
listed or proposed for listing under the ESA that may occur within the Endurance Array project area.
Therefore, with implementation of the proposed Endurance Array design modifications there would be no
additional impacts to marine biological resources above those previously assessed in the 2011 SSEA and
2013 SER.
Water Quality. Impacts to water quality based on the changes to the CSPP mooring anchor systems at the
Oregon Inshore Site and Washington Inshore and Shelf sites, and the replacement of a cabled CSPP at the
Oregon Shelf Site would not increase beyond that assessed in the SSEA and 2013 SER.
Geological Resources. The change in dimensions of the anchor system at the Oregon Inshore Site and
Washington Inshore and Shelf sites would impact 5.8 m2 of bottom sediments above that assessed in the
2013 SER. However, the cabled CSPP mooring at the Oregon Shelf Site (80 m) would be replaced with
an uncabled CSPP, thereby impacting less seafloor. In addition, as stated above under Marine Biological
Resources, the potential replacement of the Oregon and Washington Inshore CSPP moorings during
winter with up to 2 hybrid gliders would eliminate the associated anchors thereby reducing the total area
of additional seafloor impacted to an estimated 4.4 m2. Impacts due to the deployment of the revised
CSPP mooring anchor system associated with the Oregon Inshore Site and Washington Inshore and Shelf
sites, and the uncabled mooring at the Oregon Shelf Site would include short-term disturbance of soft
sediments and long-term coverage of relatively small areas of substrate by the anchors and scientific
sensors. Over time, the natural movement of sediments by ocean currents and burrowing organisms would
reestablish natural bottom topography. These impacts on soft-bottom substrates are considered minor and
would result in short-term insignificant impacts to geological resources.
Socioeconomics (Fishing). The revision to the CSPP mooring anchor system at the Oregon Inshore Site
and Washington Inshore and Shelf Sites, and the uncabled moorings at the Oregon Shelf Site would not
result in any changes to the potential impacts on regional socioeconomic resources (fishing) previously
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assessed in the SSEA and 2013 SER. Discussions with the regional fishing community resulted in the
proposed configuration and placement of the Endurance Array moorings and the location of the moorings
would not change. Therefore, there would be no significant impacts with the implementation of the
proposed Endurance Array design modifications.
Cultural Resources. The revision to the CSPP mooring anchor system at the Oregon Inshore Site and
Washington Inshore and Shelf Sites, and uncabled moorings at the Oregon Shelf Site would not result in
any changes to the potential impacts on cultural resources previously assessed in the SSEA and 2013
SER. The location of the moorings would not change. The deployment plan for the Endurance Array
would continue to avoid placing infrastructure directly on any known cultural resources (including
shipwrecks and sunken military craft). Therefore, there would be negligible impacts to archaeological and
historic resources with implementation of the proposed Endurance Array design modifications.
3.2.2

Active Acoustic Sources

There are no proposed changes in the use or types of active acoustic sources associated with the
Endurance Array that were previously assessed in SSEA and 2013 SER.
3.2.3

Summary

Due to the nature and extent of the proposed modifications to the Endurance Array infrastructure,
potential impacts to marine biological resources, water quality, geological resources, socioeconomics
(fishing), and cultural resources would be discountable. In addition, the proposed modifications to the
Endurance Array would not change the cumulative effects analysis as presented in the 2011 SSEA since
no additional regional cumulative projects have been proposed since the completion of the SSEA and
2013 SER, and the proposed modifications would not result in any cumulative effects not previously
assessed. Therefore, there would be no additional impacts on any resource area with implementation of
the proposed Endurance Array design modifications, the FONSI for the 2011 SSEA is still warranted
(NSF 2011b), and additional NEPA documentation is not necessary.
3.3

GLOBAL-SCALE NODES (GSN)

The affected environment would not change under the proposed modifications to the GSN infrastructure
addressed in this SER. Therefore, the affected environment for all resource areas is the same as that
previously discussed in the 2008 PEA and 2009 SER.
3.3.1

Installation and O&M Activities

Marine Biological Resources. The change in GSN moorings and addition of gliders would not
significantly increase the potential for entanglement or collision, respectively, by marine mammals. No
new species have been listed or proposed for listing under the ESA that may occur within the GSN project
areas. Therefore, with implementation of the proposed GSN design modifications there would be no
additional impacts to marine biological resources above those previously assessed in the 2008 PEA and
2009 SER.
Water Quality and Geological Resources. With implementation of the proposed changes to the GSN
moorings, there would not be any change in impacts to water quality and geological resources beyond
what was assessed in the 2008 PEA, 2009 and 2013 SERs, and SSEA. Therefore, there would be no
significant impacts to water quality and geological resources with implementation of the proposed GSN
design modifications.
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Active Acoustic Sources

The proposed additional sensors on the moorings in the GSN arrays and on the proposed global profiling
gliders would be among those already part of the OOI design and previously assessed in the SSEA. There
are no proposed changes in the use or types of active acoustic sources associated with the GSN that were
previously assessed in SSEA and 2013 SER.
3.3.3

Summary

Due to the nature and extent of the proposed modifications to the GSN infrastructure, potential impacts to
marine biological resources, water quality, and geological resources would be discountable. In addition,
the proposed modifications to the GSN would not change the cumulative effects analysis as presented in
the SSEA and 2013 SER since no additional regional cumulative projects have been proposed since the
completion of the SSEA and the proposed modifications would not result in any cumulative effects not
previously assessed. Therefore, there would be no additional impacts on any resource area with
implementation of the proposed GSN design modifications, the FONSI for the 2011 SSEA is still
warranted (NSF 2011a), and additional NEPA documentation is not necessary.
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