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Observation and Sampling Approach

1 Purpose

The purpose of this document is to define how the Ocean Observatories Initiative (OOI)
operates the various in situ sensing elements of the system (sensors and mobile platforms) to
ensure the collection of temporally and spatially optimal data and samples that address the
overarching science goals of the program. It has two purposes:

1 Guide project personnel involved with the day-to-day operation and maintenance of the
observatory

1 Inform potential users about how observations are routinely collected.

This document covers only the standard operation of core instruments (i.e., those that are
procured and owned by the OOI Program). Standard operation refers to how sensors and
platforms are routinely operated.

Thisdocument has a deliberate fAtempor al maturityo c
software developersunder st and t he f@Ahi gher andeperatiomal plansggse ct s o f
implement the procedures required for the deployment, testing, validation, and acceptance of

the instruments/platforms/arrays. Later releases focus on defining the optimal, sustainable

sampling rates for scientific discovery. The tables contained herein are evolutionary

(exemplar) in nature and can be modified through the change control process prior to

deployment and periodically during operations. Recommended changes to this document

from the external community should be sent the OOI Data Manager, Mike Vardaro at
Vardaro@marine.rutgers.edu .

This document does not address:

9 The command and control of instruments, platforms or arrays.
1 The collection and handling of physical samples

1 Ship-based observations for the purpose of instrument calibration (e.g., those collected
during OOI maintenance cruises.)

1 Operation of instruments added to the system by independent organizations/researchers

1 Operation of core instruments under non-routine situations such as specific research
activities or during system anomalies.

It is critical to acknowledge that this document is only PART of the entire sampling approach
description and documentation. While it expands on the descriptions provided in the Final
Network Design (FND DCN 1101-00000), it does not provide the detailed information required
to completely program and operate individual instruments at individual sites. Additional and
essential information covering these subjects are contained in documents such as the individual
instrument class Instrument Operations Specifications (I0Ss) and array/platform/node
operational specifications (NOSS).
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2 Definsg tion
The following sampling definitions apply throughout this document:

1. fiBa s e | il Aleedminimum instrument sampling rate and/or mobile platform operation
required to address daily to decadal scale variability and associated science objectives.
For the potentially shorter term, relocatable Pioneer Array, i b a s edampling Must also
support the OOI science themes of the Pioneer Array focus areas. fBa s e | is theeminde
of operation that should not be interrupted for the duration of the system life and must be
preserved within all other sampling approaches. Ba s e | sampiragy will remain relatively
unchanged, once established, over the life of the OOI array deployment.

2.fAs-d e p | oy dhiecmaximum instrument sampling rate and mobile platform
performance that can realistically be maintained for the duration of a system component
deployment. This is a function of instrument and platform requirements and the resources
(e.g., power) available within the array component where the instruments/platforms reside.
fAs-d e p | o gsdahe term implies, is the defined sensor and platform operation in the
absence of any superseding instrument/platform anomalies or specific science-based
objectives (e.g., to accommodate a specific research project or a priori responses to short-
term ocean events.) It does not necessarily refer to the maximum sampling capacity of a
particular instrument or platform, but rather the optimum operation of instruments and/or
platform(s) having known constraints (e.g. length of deployment) or synergies (e.g.
instrument interferences). For example, several instruments may be defined to sample
simultaneously, but the available power may prohibit operating the instrument suite at full
capacity i acde p | o YAlsald Sbme sensors sample at a higher rate and automatically
average to effectively provide lower rate data to the user; without retention of the original
data. Ms-d e p | oalse réfers to how mobile platforms, such as gliders, autonomous
underwater vehicles, and profilers are operated. Since instrument/platform operation is
based on expected environmental variability over a broad range of temporal and spatial
scales, i ade p | osarapting is location and perhaps temporally (e.g., daily or
seasonally) dependent. MAs-d e p | osamapling can change over the expected multi-
decadal lifespan of the OOI as science requirements evolve, new sensing capabilities
emerge, mobile platform performance changes, and power sources are developed.
Particularly in the initial phase of OOI operation when there is likely to be a significant
learning curve on optimal sampling rates, especially for mobile platforms, the as-Deployed
rates are likely to change to address unexpected interferences from nearby instruments
and or platforms, for example.

3. Adaptive i A temporary change in instrument or platform operations in order to address
researcher-specific requirements or the occurrence of unique temporal or spatial events.
Adaptive sampling is generally defined by individual research proposals. However, as
knowledge is gained about the various operational environments, certain short-term
events may trigger automatic adaptive responses. In certain scenarios, adaptive sampling
may require instrument or platform operations that are more energetic or data prolific than
specified by i acse p | osampting. In these cases, the local power budget may require
thatthe A ads e p | osarapting for other instruments associated with the platform
component be relaxed. However, adaptive sampling will rarely (and only under justified
reasons) interrupt i b a s edampling.o

4. Percentage TelemeteredT The fApercentage telemeteredod col um
indicates the amount of data that can be sent back to shore while the instrument is
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deployed, as opposed to the complete dataset available for download once the
instruments have been recovered. Most cabled instruments stream 100% of total data
back to shore, but depending on the platform, telemetry rates may be limited by the data
transmission capability and cost of the Iridium satellite network, the power available to run
the data concentrator/logger (DCL) computers onboard the moorings, or by the file sizes
created by various instruments. Some instruments have onboard data storage that can
only be fully downloaded via a direct connection following instrument recovery. When a
DCL can only be powered once per hour (as on the Inshore moorings or the mooring
MFNSs), then instruments sampling once per hour will send 100% of their data. Instruments
sampling every 15 minutes will send 25% of their data. Instruments such as the OPTAA
(WET Labs AC-S) with large file sizes may only send one file per day, which is 4% of their
total data. Instruments with onboard storage that either only send compressed files
(CAMDS, ZPLSC-A), or can only be downloaded or processed after recovery (WAVSS,
OSMOI, FLOBN, RASFL, PPSDN) will send <1% back to shore. Mobile assets like gliders
need to minimize the amount of data sent via Iridium (for both power and surface time
considerations), so they only send one data point per minute, even though the onboard
computer is recording data at 1 Hz or 0.5 Hz, depending on the instrument. The glider
ADCEP files can only be downloaded after recovery, due to file size. Note: the percentage
of a data set that is telemetered is only an indication of available data volume, not
necessarily an indication of scientific utility. 1% of glider data is still one sample every
minute from a full-depth profile, and one spectrophotometer file per day contains a large
number of optical data samples.

Sampling s = seconds
Interval; m = minutes
Sl (s) h = hours
| | d = days

N——

ale |

'l‘ -
Instrument Burst Duration;

Warm-Up; BD (s-h)
IW (s -m)

v

Burst Interval;
Bl (m-d)

Figure 1. Operational sampling definitions.

In addition to the previous functional definitions of sampling, operational definitions describe the
typical time sequence of how sensors are operated (Figure 1). Some sensors on fixed and
mobile platforms will operate in continuous sampling mode, and some may conduct periodic
sampling. Some acoustic instruments that sample periodically optimize measurements by
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collecting a high number of samples over a short period of time T commonly referred to as burst
sampling.

After a sensor is turned on, a period of instrument warm-up follows (IW) and typically lasts from
seconds to minutes. As soon as the instrument is warmed up and ready for sampling,
observations are collected at a Sample Interval (SI) commonly on the order of seconds. The
duration of this sampling is the Burst Duration (BD) - generally between seconds and hours.
Finally, the interval between the start of each sampling sequence or Burst Interval (Bl) can
range anywhere from minutes to days. The case where BD=BI would imply continuous sampling
at intervals Sl. The parameters Sl, BD and Bl are typically selectable, although details of a given
configuration depend upon the instrument capability, the platform, location of the platform,
associated power draw and the science requirements.

3 Backgund

3.1 Supporting Documents

The Observation and Sampling Approach Document is a child document of the Data
Management Plan (DMP), DCN 1102-0000 (Figure 2). The DMP prescribes how OOl system
operations collect and deliver the required environmental observations specified within the Final
Network Design (FND), DCN 1101-00000 and the Level 2 OOl Science Requirements.

PEP (1001-
00000)

Data CMP FND SEMP  CI Security Plan

Mana?ement (1000-00000) (1101-00000) (1100-00004) (1012-00000)
Plan =

(1102-00000)

IMettadata,t Dle;taI_Use Data User Terms  gpqeryation &  Protocols/Procedures:
nstrumen olicy & Conditions Sampling Data Products, QA/QC
DrB’g{; & (()(1)%)2%) (1102-00020) Approach Physical Samples
i (1102-00200) (1102-00300)
(1330, 1331,
1341/1342-
XXXXX)

Figure 2. DMP documentation Tree

3.2 Science Drivers

The OOI Observation and Sampling Approach Document addresses the overarching science
themes of the project and is derived from internal scientific expertise and input from the
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research community through workshops, conferences and publications. Guiding documents
include proceedings from the many community meetings conducted over the past decade
leading to the OOI Final Network Design (FND), the Level 2 OOI Science Requirements, and a
few science workshops that have been conducted since the inception of the OOI Project.
Examples are:

1 Shelf/Slope Processes: Science Opportunities and issues relating to the OOI Pioneer
Array (February, 2011),

1 Ocean Carbon and Biogeochemistry (OCB) Scoping Workshop on a Biogeochemical
Flux Program Aligned with the Ocean Observatories Initiative (May, 2011), and

1 Axial Seamount RSN Science Workshop (September, 2011).

After science considerations, the sampling approaches and mobile platform operations
developed for each system component were checked against available power, communications
and data storage resources to verify that the prescribed operations could be accommodated for
the duration of planned instrument/platform deployment. In some cases this verification exercise
resulted in changes to sampling approaches.

Sampling strategy is a function of the collective knowledge about the environment in question
and system capabilities. Because the purpose of the OOl is to facilitate basic oceanographic
research, it is expected that as knowledge increases, ideas about sampling strategy will evolve.
For example, sampling approaches could eventually be adopted that better observe anticipated
short-term events, such as upwelling, the passage of eddies, phytoplankton bloom formation,
methane gas release or submarine volcanic eruptions. Therefore, this sampling strategy is
reviewed periodically by the OOI Program Office in consultation with the research community
and the National Science Foundation.

3.3 Instruments and Platforms

The OOl core infrastructure includes 48 scientific instrument classes comprising approximately
761 individual instruments operating concurrently at sampling spatial scales ranging from
centimeters to tens of kilometers at seven geographically distinct environments. The core
infrastructure also includes a variety of engineering sensors, which are not included in this
document. Sampling is organized by arrays of platforms containing instruments and
infrastructure and junction boxes hosting cabled instruments. The arrays are:

1 Pioneer Array, initially located along the northeast U.S. at the continental shelf-break,
south and east of Cape Cod, Ma.

1 Endurance Array, sampling a large section of the continental shelf, from coastal to
offshore, along the coast of northern Oregon (Oregon Line) and southern Washington
(Washington Line)

9 Cabled Array, sampling both plate tectonic and associated biogeochemical processes at
the ocean floor and water column phenomena in the North East Pacific within the
central/southern half of the Juan de Fuca tectonic plate

9 Global pelagic ocean arrays located in the North Atlantic south of Greenland in the
Irminger Sea, the Southwest Atlantic in the Argentine Basin, the Northeast Pacific at
Ocean Station PAPA, and the Southern Ocean off the southwest coast of Chile.
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Many instruments are fixed in position- on the seafloor, at fixed depths within the water column
or positioned above the ocean surface. Others are located on mobile platforms, such as
winched and wire-following profilers (16 platforms), buoyancy-driven ocean gliders (32
platforms), and self-propelled autonomous underwater vehicles (2 platforms). The reader is
referred to the Infrastructure Information page on the OOI website for detailed and current
descriptions of instrument, platform, and array detail and associated components.

3.3.1 Cabled Instruments

All elements of the Cabled Array and portions of the Oregon Line within the Endurance Array
are attached directly to high power (up to 8 kW) and optical communications cables (up to 10
Gb/s) installed on the seafloor and extending into the water column. They provide high power
and data rate for the associated instruments and platforms (e.g. profilers and junction boxes).
This enables nearly real-time data flow, two-way communication from shore, and offers
maximum flexibility in how the instruments can be operated.

Platforms attached to the Cabled Array power/communications cables include both fixed-depth
moored platforms and moored profilers. The system includes two different mooring types: 1) a
2-legged Shallow Profiler mooring with a fixed instrumented platform at 200 m and hosting an
instrumented winched shallow profiler; and 2) a single cable Deep Profiler Mooring hosting an
instrumented wire-following McLane profiler package. Both winched and wire-following profilers
utilize the cabled infrastructure for power and communications, but the deep wire-following
profilers are powered with onboard batteries that are recharged via the cable after docking. This
capability potentially allows the wire-following profilers to perform more frequent vertical profiles
over the lifetime of a deployment than their counterparts on uncabled moorings. Actual
capabilities will be determined during the initial operation period.

3.4 Platform Service Intervals

Platform service intervals are crucial in setting instrument sampling rates for nearly all OOl
instruments. The exceptions are those instruments connected to cabled platforms that are not
limited by battery life, or internal memory. For all other instruments, the sampling rates that
can be achieved are directly tied to the service interval because the factor(s) limiting sampling
are power, internal memory, and/or consumables.

3.4.1 Pioneer Array

Surface moorings, including autonomous underwater vehicles (AUV) docks, will be entirely
replaced at 12 month intervals, with refurbishment of all components during the year between
mooring deployments. In light of the 210 day specification for AUV dock servicing, potential
impacts on AUV dock performance and AUV sampling capabilities will be reviewed and revised
if necessary as deployment servicing progresses. Wire-following profiler moorings will be
refurbished at 6 month intervals, with at-sea evaluation of anchors, chain, releases, wire, stretch
hoses and EM chains for potential re-use. Refurbishment of returned components will take
place during the 6 months between deployments. Coastal winched surface-piercing profiler
moorings will be entirely replaced at 6 month intervals, plus undergo a partial service at 90
days. Partial service consists of at-sea replacement or re-charging of batteries and replacement
of the winch line. Coastal winched surface-piercing profilers will be refurbished during the 6
months between deployments. Gliders are scheduled for recovery after ~90 days at sea and
new gliders deployed at the same time, with refurbishment during the 90 days between glider
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deployments. AUVs are scheduled to be recovered after 90 days along with gliders and new
AUVs deployed. Refurbishment will take place during the 90 days between AUV deployments.

3.4.2 Endurance Array

Cabled infrastructure will be recovered and replaced at 12 month intervals, with refurbishment of
all recoverable components during the year between cabled deployments. Surface moorings
(inshore, shelf, and offshore) will be entirely replaced at 6 month intervals, with refurbishment of
all components during the 6 months between mooring deployments. Wire-following profiler
moorings will also be refurbished at 6 month intervals, with at-sea evaluation of anchors, chain,
releases, wire, stretch hoses and EM chains for potential re-use. Refurbishment of returned
components will take place during the 6 months between deployments. Coastal winched
surface-piercing profiler moorings will be entirely replaced at 6 month intervals, plus undergo a
partial service at 90 days. Partial service consists of at-sea replacement or re-charging of
batteries and replacement of the winch line. Coastal winched surface-piercing profilers will be
refurbished during the 6 months between deployments. Gliders are scheduled for recovery after
~90 days at sea and new gliders deployed at the same time, with refurbishment during the 90
days between glider deployments.

3.4.3 Cabled Array

Cabled instruments at Axial Seamount, Axial Base, Hydrate Ridge Summit, and Slope Base will
be recovered and replaced at 12 month intervals, with refurbishment of all recoverable
components during the year between cabled infrastructure O&M cruises.

3.4.4 Global Arrays

Surface moorings, subsurface moorings, and profiling gliders will be entirely replaced at 12
month intervals. Refurbishment of returned components will take place during the year
between deployments. Gliders will be recovered after 12 months at sea and new gliders
deployed at the same time, with refurbishment during the 12 months between glider
deployments.

3.4.5 Self-Powered, Moored Instruments

Instruments attached to self-powered moorings rely on a combination of battery power and local
wind and solar power generation. These include all of the Pioneer and Global surface
moorings, all of the surface moorings associated with the Washington Line of the Endurance
Array, and surface moorings associated with the Oregon Endurance Line. Available power is,
therefore, limited compared to cabled instruments and, in the case of wind and solar power
generation, a function of local environmental conditions. Likewise, communication capability
and data rate are more limited compared with the cabled instruments. In some cases, the
majority of data are stored in situ and retrieved post mooring recovery while a subset of the
collected data is transmitted to shore via satellite communications. Thus, some of these data
are received with latencies of between several months and one year.
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3.4.6 Moored Profilers

Moored, profiling platforms are designed to provide information about vertical structure
throughout the water column. There are three types of moored profilers: 1.) wire-following that
operate within prescribed depth ranges, generally between a few meters of the sea floor and no
shallower than five meters, 2.) winched, surface piercing profilers that operate within the upper
100 meters (m) of the ocean and are able to provide observations up to the ocean surface, and
3) winched profilers that rise from a platform at 200 m to within ~5 m beneath the surface (or
three times the wave peak to peak height).

Profiler type, water column depth, and site-specific infrastructure design governs the sampling
limitations and opportunities afforded in the deployment regions and across the observatory.
Detailed infrastructure design drawings can be viewed in the Technical Data Packages and
profileri specific sampling information for all arrays are provided in these tables.

All uncabled moored, profiling platforms are self-powered using internal batteries. With the
exception of the profilers attached to the power/communications cable, the battery charge at
deployment is designed to power the platform and the associated instruments for the duration of
the deployment. CGSN profiling instruments are only powered during profiling operations.
Therefore, the primary power constraint impacts uncabled profiling frequency. Profilers
attached to the power/communications cable are rechargeable and less limited by power or data
transmission concerns, offering the potential for more complex mission plans than uncabled
profilers. However, profiling frequency of cabled profilers will be managed to optimize mission
execution while balancing lifecycle hardware wear and tear.

Winched profiling speeds are programmable and typically range between 0.1 and 1 m s-1. Wire-
following profiler speeds are fixed at ~25 cm s-1. In general, shorter profiles enable higher
profiling frequencies. Surface-piercing winched profilers traverse between the surface and 25 -
100 m depth. Cabled winched profilers do not pierce the surface. Given a profiler speed of 1 m
s-1, maximum profiling frequencies are on the order of 10 per day. Uncabled, deep, wire-
following profilers, on the other hand, must traverse from 100 m up to thousands of meters per
profile, limiting the maximum profile frequency to < 10 per day. Cabled deep, wire-following
profilers will initially be limited to profiling for a total of 9 days per month due to wear and tear;
but increased operation periods may lengthen as operation experience is gained.

Cabled shallow profilers will profile at 10 or 5 cm s-1 speeds and with 1 Hz instrument sampling,
resulting in less than one meter spatial resolutions. Both CGSN main profiling operations (i.e.,
fabdepl oyedo and fibaselined) are designed to
however instrument sampling rates can be adjusted to provide finer vertical resolution as an
adaptive strategy. A cabled profiler can be instructed to loiter for a period of time at a user-
prescribed depth, functioning as a temporary fixed mooring, but this is not possible on uncabled
profilers at this time. During time between profiling operations, profilers may be situated at the
deepest part of their capability in order to limit exposure to light and associated bio-fouling
effects.

3.4.7 Autonomous Underwater Vehicles (AUV)
Propeller-driven, battery-powered AUVs are optimized for long life at slow speeds, generally

between 1-2 m s™. OOl AUVs will carry a broad suite of sensors for interdisciplinary
observations. They surface to obtain position information using GPS. AUVs can run continuous
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missions with durations up to two days between battery charges and can be programmed and
re-tasked while in the field to perform a broad scope of adaptive sampling missions. AUVs
operate at the Pioneer Array in conjunction with seafloor-mounted docking stations to provide
battery recharge. The docking stations extend the duration of AUV deployments, allowing for
multiple missions between deployment and recovery. Sampling rate for onboard sensors is
configured to provide the capability for spatial resolution of one meter.

3.4.8 Underwater Gliders

Buoyancy-driven underwater gliders, like AUVs, are battery powered and can be programmed
and re-tasked in the field to perform a variety of sampling missions. Since they require vertical
excursions to provide horizontal thrust (they glide down or up depending on buoyancy), they
provide both horizontal and vertical descriptions of ocean properties between the surface and a
maximum depth of 1000 m. Gliders achieve speeds of about one tenth of the AUVs (0.25 to
0.35 m s™) and, since they consume little power, can be deployed for several months. At the
surface, gliders acquire position information using GPS, transmit data and receive commands
via satellite. Gliders are deployed as part of the Pioneer, Endurance and Global arrays. As in
the case of AUVs, sampling rates for onboard sensors are defined to provide the capability for
one meter spatial resolution. The i ade p | osarmapting protocol is to operate all science
instruments at their maximum possible sampling rates during profiling. The volume of
transmitted data and the sampling rate is adjusted for optimum balance between data collection
and battery life.

4 nBasel amd@Ads-dep!| ovadmp |l b wgArr ay

The observation strategy addresses the temporal and spatial scales of variability that
characterize the local environment for each instrument. Whereas sampling rate determines
temporal resolution for fixed instruments; sampling rate combined with platform speed and
direction for instruments located on mobile platforms determines the temporal and spatial
resolution of observations. Additionally, how mobile platforms are operated determines where
(latitude, longitude, and depth) and when observations are made, thus, the sampling strategy
attempts to optimize platform mobility as well as instrument operation.
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4.1 Pioneer Array

The Pioneer Array is a multi-platform configuration deployed and operated at a targeted location
for several years for studies of specific processes and then relocated to and reconfigured for
another study site. The initial location is along the northeast U.S., at the outer continental shelf
and shelf-break, southof Mar t h a 6 s , Mai (40&Ny 7.75dW; water depth: 90 - 500
meters). The location was chosen to focus on shelf break exchange processes without further
complicating factors such as Gulf Stream proximity, estuarine outflows, complex bathymetry, or
strong tides. The sampling strategy is tailored specifically for this location and will be revisited
with each change in array location.

4.1.1 Array Structure

The initial Pioneer Array configuration consists of three separate elements: an array of mooring
locations that spans the outer shelf and upper slope, a fleet of up to six gliders and a pair of
AUVs that transfer data and re-charge batteries between missions at two bottom-mounted
docking stations (Figure 3).

(A) Inshore Surface-Piercing Profiler Meoring
(B) Inshore Surface Mooring

(C) Central Inshore Profiler Mooring

{D) Central Surface-Piercing Profiler Mooring
(E) Central Surface Mcoring

(F) Central Offshore Profiler Mooring

(G) Offshore Profiler Mooring

(H) Offshore Surface Mooring

{l) Upstream Inshcre Profiler Mooring

{J) Upstream Offshore Profiler Mooring

Figure 3. Schematic diagram of the Pioneer Array, showing three surface moorings with multi-
function nodes at the mooring base and two with AUV docks (inshore and offshore moorings);
two surface-piercing profilers (inshore and central sites); and five wire-following profilers.
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Ten instrumented moorings are positioned at seven primary sites. The inshore, central and
offshore sites contain both a surface mooring and a profiler mooring. The three middle sites
(central-inshore, central, and central-offshore), form a triangle which includes the central
mooring with extensive meteorological instruments on the surface buoy, and are located near
the expected mean position of the shelf-break frontal jet.

A core component of the Pioneer Array consists of mobile assets that sample the three-
dimensional, shelf break and slope environment over an extended period of time. Gliders may
be deployed for long durations, sample to 1000 m and can be operated as a coordinated, multi-
platform fleet. These mobile assets provide both regularly structured sampling, such as repeat
lines or patterns, as well as adaptive sampling modes designed to resolve transient features
(e.g., the evolving structure of a passing warm core eddy.) The gliders operate within a large
area centered on moored components of the array (Figure 4).

AUVs add dynamic sampling capability to the Pioneer Array. These powered vehicles are able
to follow mission tracks through strong currents while carrying larger instrument payloads. The
current design employs two AUVs operating from docking stations.

200

40°N

40°

20

39°N

|
72 "W 71°wW 70 °w

Figure 4. Pioneer Array configuration. Site centers are shown (plus signs). The AUV operations
box is in red and the Glider operations box is in blue. Selected contours are labeled in meters.
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4.1.2 Instrument Operation

A list of all Pioneer Array sensors, their location, and exemplar i b a s e | i fnaek® pd md/ e d o

sampling rates are showninTablel. Thaefpdooyedod sampling for all fi
reflects the maximum sustainable rate possible for the duration of each instrument deployment
and is a function of instrument capability and available power. i Bas el i ned observati or

capable of resolving synoptic forcing events and multiple tidal constituents as well as long-term
variability and thus require sampling intervals of one to three hours. Bl = Burst Interval; BD =
Burst Duration; SI = Sampling Interval.
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Table 5. Pioneer Arrayadse pl oy ed 6 oOobaselinebod Sampling
(s = second; min = minute; h = hour; d = day)
Obaselinebod Oakepl oy e dq(
Instrument Platform Depth (m) - - a - — g fjgﬁﬁg:ﬁ?ﬁd Comments

Pioneer Inshore Surface Mooring

METBK Surface Buoy In Air 1lh 20 min 1 min 1 min 1min| 1min 100
100% processed science data se
telemetry. Raw science data and

100 engineering data are downloaded

FDCHP Surface Buoy In Air 3h 20 min 0.1s 1h 20min| 0.1s postrecovery.

PCO2A Surface Buoy In Air 3h 36s 2s 1lh 36s 2s 100

CTDBP NSIF 7 1lh 3 min 10s 15 min 3 min 10s 100

DOSTA NSIF 7 1h 3 min 5s 15min | 3min| 5s 100

FLORT NSIF / 1h 3 min 1ls 15 min 3 min 1s 100

SPKIR NSIF 7 1h 3 min 2s 15min | 3min| 2s 100

VELPT NSIF / 1h 3 min 1ls 15 min 3 min 1s 100

PHSEN NSIF 7 3h 3 min 15s 1h 3 min 15s 100

NUTNR NSIF 7 3h 12 s 15s 1h 12s 15s 100

OPTAA NSIF / 3h 2 min 0.25s 1lh 2min| 0.25s 100

CTDBP MFN 91.5 1h 3 min 10s 15 min 3 min 10 s 25

DOSTA MFN 91.5 1lh 3min 5s 1h 3 min 5s 100

VELPT MFN 91.5 1h 3 min 1ls 15 min 3 min 1s 25

PCO2W MFN 91.5 3h 5 min 6s 2h 5 min 6s 100

PHSEN MFEN 915 3h 3 min 15s 1lh 3min| 15s 100

OPTAA MFEN 91.5 3h 2 min 0.25s 1h 2min| 0.25s 100

ADCPT MFN 91.5 1h 3min 1ls 15 min 3 min 1s 25

PRESF MFN 91.5 1h 1lh 1s 1lh 1h 1s 100
Sonar has internal battery and da|

ZPLSC MFN 91.5 1h 6m 2s 10m 2m 2s 20 storage, downloaded pesovery

Pioneer Central Surface Mooring

METBK Surface Buoy In Air lh 20 min ‘ 1 min ‘ 1 min ’ 1 min ’ 1 min 100
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Oakepl oy edq

Obaselinebod
Instrument Platform Depth (m % Telemetere Comments
BI BD Sl BI BD SI
100% processed science data se
telemetryRaw science data and
100 engineering data are downloaded

FDCHP Surface Buoy In Air 3h 20 min 0.1s 1h 20min| 0.1s postrecovery.
100% processed science data se
telemetry. Raw science data and

100 engineering data are downloaded

WAVSS Surface Buoy In Air 3h 20 min 0.25s 1h 20min| 0.25s postrecovery.

PCO2A Surface Buoy In Air 3h 36s 2s 1lh 36s 2s 100

CTDBP NSIF 7 1h 3 min 10s 15 min 3 min 10s 100

DOSTA NSIF 7 1h 3 min 5s 15min | 3min| 5s 100

FLORT NSIF / 1h 3 min 1ls 15 min 3 min 1s 100

SPKIR NSIF ’ 1h 3 min 2s 15min_ | 3min| 2s 100

VELPT NSIF / 1h 3 min 1ls 15 min 3 min 1s 100

PHSEN NSIF 7 3h 3 min 15s 1h 3 min 15s 100

NUTNR NSIF / 3h 12s 15s 1lh 12s 15s 100

OPTAA NSIF / 3h 2 min 0.25s 1lh 2min| 0.25s 100

CTDBP MFEN 133 1h 3 min 10s 15 min 3 min 10s 25

DOSTA MFEN 133 1lh 3 min 5s 1lh 3 min 5s 100

VELPT MFN 133 1h 3 min 1ls 15 min 3 min 1s 25

PCO2W MFN 133 3h 5 min 6s 2h 5 min 6s 100

PHSEN MFN 133 3h 3 min 15s 1h 3 min 15s 100

OPTAA MFEN 133 3h 2 min 0.25s lh 2min| 0.25s 100

ADCPT MFEN 133 1lh 3 min ls 15 min 3 min ls 25

PRESF MFN 133 1h 1h 1s 1h 1h 1s 100
Sonar has internal battery and da|

ZPLSC MFN 133 1lh 6m 2s 10m 2m 2s 20 storage, downloaded jpesbvery

Pioneer Offshore Surface Mooring

METBK Surface Buoy In Air 1lh 20 min 1 min 1 min 1min| 1min 100
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Obaselinebod Oakepl oy e dq(
Instrument Platform Depth (m % Telemetere( Comments
BI BD Sl BI BD SI
100% processed sciet@ sent Vi
telemetry. Raw science data and
100 engineering data are downloaded

FDCHP Surface Buoy In Air 3h 20 min 0.1s 1h 20min| 0.1s postrecovery.

PCO2A Surface Buoy In Air 3h 36s 2s 1h 36s 2s 100

CTDBP NSIF / 1lh 3 min 10s 15 min 3 min 10s 100

DOSTA NSIF ’ 1lh 3 min 5s 15 min 3 min 5s 100

FLORT NSIF U 1lh 3 min 1ls 15 min 3 min 1ls 100

SPKIR NSIF / 1h 3 min 2s 15 min 3 min 2s 100

VELPT NSIF U 1lh 3 min 1ls 15 min 3 min 1ls 100

PHSEN NSIF / 3h 3 min 15s 1h 3 min 15s 100

NUTNR NSIF / 3h 12s 15s 1lh 12s 15s 100

OPTAA NSIF ’ 3h 2min | 0.25s 1h 2min| 0.25s 100

CTDBP MFN 450 1lh 3 min 10s 15 min 3 min 10s 25

DOSTA MFN 450 1h 3 min 5s 1h 3 min 5s 100

VELPT MFEN 450 1h 3 min 1ls 15 min 3 min 1s 25

PCO2W MFEN 450 3h 5 min 6s 2h 5 min 6s 100

PHSEN MFN 450 3h 3 min 15s 1h 3 min 15s 100

OPTAA MFEN 450 3h 2 min 0.25s 1lh 2min| 0.25s 100

ADCPT MFEN 450 1h 3 min 1ls 15 min 3 min 1s 25

PRESF MFN 450 1lh 1h ls 1h 1h 1ls 100
Sonar has interbalttery and data

ZPLSC MFN 450 1h 6 m 2s 10 m 2m 2s 20 storage, downloaded pesbvery
Battery; Telemetry decimation is
adjustable, currently set to every

Inshore/Central Surfaggercing Profilers 8th record

CTDPF Profiler 91.5/133 12 h 10 min 1ls 6 h 10 min 1s 12.5

DOSTA Profiler 91.5/133 12 h 10 min 1ls 6 h 10 min 1ls 12.5

FLORT Profiler 91.5/133 12 h 10 min 1ls 6 h 10 min 1ls 12.5

NUTNR Profiler 91.5/133 12 h 10 min 1ls 6 h 10 min 1ls 12.5
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Obaselinebod Oakepl oy e dq(
Instrument Platform Depth (m % Telemetere( Comments
BI BD Sl Bl BD Sl
OPTAA Profiler 91.5/133 12 h 10 min 0.25s 6 h 10 min| 0.25s 12.5
PARAD Profiler 91.5/133 12 h 10 min 1ls 6h 10 min 1s 12.5
SPKIR Profiler 91.5/133 12 h 10 min 2s 6h 10 min 2s 12.5
VELPT Profiler 91.5/133 12 h 10 min 1ls 6h 10 min 1s 12.5
Upstream Inshore WHr®llowing Profiler Mooring
Set to PD12 mode for telemetry,
recorded internally and download
ADCPT Frame 91.5 3h 3 min 15s 15 min 3min| 15s 25 postrecovery
CTDPF Profiler 91.5 6 h 4 min 1s 1.5h 4min 1s 100
DOFST Profiler 91.5 6h 4 min 1s 1.5h 4 min 1s 100
FLORT Profiler 91.5 6 h 4 min 4s 1.5h 4 min 4s 100
PARAD Profiler 91.5 6 h 4 min 4s 1.5h 4 min 4s 100
VEL3D Profiler 91.5 6 h 4 min 05s 1.5h 4min| 05s 65 Decimated lmplumn, not temporal
Central Inshore Wifeollowing Profiler Moorings
Set to PD12 mode for telemetry,
recorded internally and download
ADCPT Frame 125 3h 3 min 15s 15 min 3 min 15s 25 postrecovery
CTDPF Profiler 125 6 h 8 min 1s 1.5h 8 min 1s 100
DOFST Profiler 125 6h 8 min 1s 15h 8 min 1s 100
FLORT Profiler 125 6 h 8 min 4s 1.5h 8 min 4s 100
PARAD Profiler 125 6 h 8 min 4s 15h 8 min 4s 100
VEL3D Profiler 125 6 h 8 min 05s 1.5h 8min| 05s 65 Decimated lmplumn, not temporal
Central Offshore WiF®llowing Profiler Moorings
PD12 for telemgtPDO recorded
ADCPT Frame 150 3h 3 min 15s 15 min 3min| 15s 25 internallydownloaded peastovery
CTDPF Profiler 150 6 h 10 min 1ls 1.5h 10 min 1ls 100
DOFST Profiler 150 6h 10 min 1s 1.5h 10 min 1s 100
FLORT Profiler 150 6 h 10 min 4s 1.5h 10 min 4s 100
PARAD Profiler 150 6 h 10 min 4s 15h 10 min 4s 100
VEL3D Profiler 150 6h 10 min 05s 1.5h 10 min| 05s 65 Decimated by columat, temporally
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Obaselinebod Oakepl oy e dq(
Instrument Platform Depth (m % Telemetereq¢ Comments
BL | BD s Bl | BD | sl
Pioneer Offshore WiF®llowing Profiler Mooring (Pattern Profiling: 450/200/200/450 m sequence)
20/40
CTDPF Profiler 200/450 6 h 20/40min ls 3h min 1ls 100
20/40
DOFST Profiler 200/450 6 h 20/40 min 1ls 3h min 1ls 100
20/40
FLORT Profiler 200/450 6h 20/40 min 4s 3h min 4s 100
20/40
PARAD Profiler 200/450 6 h 20/40 min 4s 3h min 4s 100
i i 20/_40 Decimated by column, not tempo
VEL3D Profiler 200/450 6h 20/40 min| 0.5s 3h min 05s 65
Upstream Offshore WAFellowing Profiler Mooring (Pattern Profiling: 450/200/200/450 m sequence)
Set to PD12 modetédemetry, PDO
recorded internally and download
ADCPS Frame 200/450 3h 3 min 2.2s 1h 3min| 22s 25 postrecovery
20/40
CTDPF Profiler 200/450 6 h 20/40 min 1ls 3h min 1s 100
20/40
DOFST Profiler 200/450 6 h 20/40 min 1ls 3h min 1s 100
20/40
FLORT Profiler 200/450 6 h 20/40 min 4s 3h min 4s 100
20/40
PARAD Profiler 200/450 6 h 20/40 min 4s 3h min 4s 100
20/40 Decimated by column, not tempo
VEL3D Profiler 200/450 6 h 20/40 min| 0.5s 3h min 05s 65
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R | . R |
Instrument Platform Depth (m) obaselineo oawepl oyed( % Telemetere Comments
BI | BD sl BI | BD | s
Gliders (6 Platforms)
200/ 1 of 4 profileg 1 of 4 profileg Samples on dive only. Data store

ADCPA Hull 1000 dive only N/A 2s dive only | N/A 2s 0 internally, downloaded-paxsivery.

CTDGV Hull 200/ 1000 Dive only N/A 2s Dive only | N/A 2s 4

DOSTA Hull 200/ 1000 Dive only N/A 2s Dive only N/A 2s 4 Samples on dive only. Data decin
temporally and by column

FLORT Hull 200/ 1000 Dive only N/A ls Dive only | N/A 1ls 2

Dive only, Dive only,

PARAD Hull 200/ 1000 upper 20t N/A ls upper 200 n]  N/A 1ls 2

AUV (2 Platforms)

ADCPA Hull 600 Continuous N/A 1ls Continuous| N/A 1ls TBD

CTDAV Hull 600 Continuous N/A ls Continuous| N/A ls TBD ) ]
Engineering data sent every hour

DOSTA Hull 600 Continuous N/A 1s Continuous| N/A 1s TBD subset of science data available \
Fleet Broadband on request by O

FLORT Hull 600 Continuous N/A 1ls Continuous| N/A 1s TBD

NUTNR Hull 600 TBD TBD 15s TBD TBD 15s TBD

PARAD Hull 600 Upper 200 ni N/A 1ls Upper 200 n| N/A 1s TBD
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4.1.3 Coastal Surface Moorings

Three coastal surface moorings are found in the Pioneer Array. They are located along near
the inshore and offshore margins of the southwestern installation line; and at the mid-shelf
region of the northeastern installation line. Surface moorings have instrumentation located in-
air, on near-surface-instrument-frames (NSIF), and at multi-function nodes (MFN).

4.1.4 Mobile Platform Operation
4.1.4.1 Profiling Moorings

Wire following profilers are capable of four profiles per day (6 h intervals between one-way
profiles) at the deepest sites. Thisisthe i b a s erhté whiehdcan be achieved throughout the
array. Fori acs e p | osarapting the profile interval can be reduced to 3 h and 1.5 h at
successively shallower sites. The 3h i ade p | osarapting interval for the Offshore and
Upstream Offshore sites is achieved by a profiling sequence which does not include full depth
excursions for each profile. Surface piercing profiler capabilities are not known with certainty at
the time of writing. Expectations are that the shortest interval between profilers sustainable
throughout a deployment will be one day. This is proposed as the i b a s eihtérval eWith a
nominal profiling speed of 0.25 m/sec, a sampling interval S| <= 4s is required to achieve the
required spatial resolution.

4.1.4.2 Gliders

The A b a s edampling for gliders comprises four lines, each occupied with one glider: Eastern
Boundary (EB), Frontal Zone (FZ), Slope Sea 1 (SS-1) and Slope Sea 2 (SS-2). The tracks are
lines are show in Figure 5. The EB line is ~200 km and can be completed in 8 days assuming
25 km/day. The line is largely in waters less than 250 m depth and would be tasked to a glider
with 200-m engine. The FZ line is ~190 km long, allowing completion in 8 days. The line is
largely in waters between 200 m and 1000 m depth and would be tasked to a glider with 1000-m
engine. The SS-1 line is ~400 km long, allowing completion in 16 days. The line is entirely in
waters greater than 1000 m deep and would be tasked to a glider with a 1000-m engine. The
SS-2 line is ~300 km allowing completion in 12 days. The line is entirely in depths greater than
1000 m depth and would be tasked to a glider with 2000-m engine.

The A adeployed &ampling for gliders dedicates a second glider to the FZ line (FZ-2) and adds
the Gulf Stream line (GS). The FZ-2 line will be occupied by a second glider but using a 200-m
engine. Operating in tandem with the fi b a s edlidenthe ¢epeat interval for the FZ line is
reduced to four days. The GS line is ~200 km long allowing completion in eight days. The line is
almost entirely in depths greater than 1000 m depth and would be tasked to a glider with 1000-
m engine. The sampling strategy and science rationale for individual lines in each region are
described in more detail below.
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Table 3: Pioneer glider lines.

Name | Region Priority Buoyancy | Track Time to
Engine Length Complete
EB Eastern Boundary Baseline 200 m 200 km 8 days
Fz-1 Frontal Zone Baseline 1000 m 190 km 8 days
SS-1 Slope Sea Baseline 1000 m 400 km 16 days
SS-2 Slope Sea Baseline 1000 m 300 km 12 days
Fz-2 Frontal Zone As-deployed 200 m 190 km 8 days
GS Slope Sea As-deployed 1000 m 200 km 8 days

Eastern Boundary: The EB line is approximately 200 km long and can be completed in about 8
days assuming an average along-track speed of 25 km/day. The line is largely in waters less
than 250 m depth and would be tasked to one glider with 200 m buoyancy engine. This is a
baseline line. The western limit of the track avoids a canyon at the shelf edge that is an area of
intense fishing activity. The line does cross a region of intense trawl activity around the 100-m
isobath, but this is unavoidable. The 8-day repeat captures the ocean state upstream of the
moored array, and will provide information on oceanic conditions that are swept into the array
center by the prevailing westward flow on the MAB shelf. Velocity estimates in conjunction with
tracers provides a direct estimate of the westward flux of tracers into the Pioneer control
volume. Bottom-tracked velocity places a strong constraint on the barotropic component of
along-shelf flow that is presently uncertain. The EB line includes parallel across-shelf segments
between the 200 m and 1000 m isobaths, separated by approximately 20 km. These
complement a third parallel segment on the FZ line 20 km to the west; these 3 transects are
designed to sample variability in the location of the shelf-break front. Data from the EB line will
assist data-assimilative modeling of conditions at the core of the array.

Frontal Zone: The FZ line is approximately 190 km long, allowing completion in about 8 days.
The line is largely in waters between 200 m and 1000 m depth and would be tasked to one
glider with a 1000-m engine and one with a 200 m engine. The first FZ glider is part of the
Baseline sampling, while the second is As-deployed. This is a region of strong across-shelf
gradients and the strongest along-shelf currents within the Pioneer Array. The current is surface
intensified, so the line would be traversed counter-clockwise to enable the glider to make
reasonable upstream (eastward) progress while largely below the current along the 1000-m
deep offshore leg. The inshore leg roughly follows the 200-m isobath, and is thus expected to
make excursions across the front. Velocity estimates in conjunction with tracers will provide a
direct estimate of the across-shelf fluxes of tracers at the 200-m and 1000-m isobaths. Bottom-
tracked velocity on the shallow legs assists with capturing processes in surface and bottom
boundary layers.

The second FZ glider would be piloted along the FZ line with the goal of maintaining a distance
of approximately half of the line between the two gliders. The purpose of operating two FZ
gliders in tandem is to cut the cycle time around the line in half, which appropriately resolves
frontal waves that we know have about a 4 day period. The use of a 200 m engine for the
second FZ glider provides a backup for the EB line should that glider be unable to fulfill the
baseline role 7 the second FZ glider could be re-tasked to EB.
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Slope Sea: There are two Baseline SS lines. The SS-1 line is 400 km long, allowing completion
in 16 days. The line is entirely in waters greater than 1000 m deep and would be tasked to a
glider with 1000-m engine. This is a Baseline line. The eastern across-shelf leg of the SS-1 line
extends the EB line into the Slope Sea, and could in principle be synchronized with every
second EB mission to create an extended, synoptic cross-shelf section. The 16-day repeat is
sufficient to capture mesoscale variability in the Slope Sea that impinges upon the shelf-break.
The offshore extent of operations is chosen to make interactions with the Gulf Stream
infrequent, but should a warm core ring enter this region this line will complement adaptive
sampling directed toward observing eddy/shelf interaction processes. Direct velocity
observations in conjunction with geostrophic currents based on hydrography will provide
information on ageostrophic dynamics of the ocean mesoscale. The zigzag line achieves a
balance between crossing gradients that are predominantly orthogonal to the shelf-break, while
making reasonable progress eastward and westward to complete a circuit.

One glider cannot simultaneously resolve the necessary temporal and spatial scales in the
Slope Sea. The SS-2 line interlaces with SS-1 to produce a grid of orthogonal transects
approximately 20 km square, significantly increasing the spatial resolution of the Slope Sea
mesoscale. The SS-2 line is 300 km allowing completion in 12 days. The line is entirely in
depths greater than 1000 m depth and would be tasked to a glider with 2000-m engine. This is a
Baseline line. We expect the time evolution to be coherent on the 12 to 16-day repeat interval of
the gliders, but flow-topography interaction adjacent to the shelf-break renders the mesoscale
anisotropic here so the interlaced pattern is designed to emphasize disparate length scales
without sacrificing temporal resolution. The SS-2 glider may also serve as a backup if the SS-1
glider is unable to fulfill the higher-priority SS-1 mission. Since the SS-2 line is always within
about 20 km of the SS-1 line, this transition is readily achieved.

The Slope Sea Gulf Stream (GS) line is 200 km long, allowing completion in 8 days. The line is
almost entirely in depths greater than 1000 m depth and would be tasked to a glider with 1000-
m engine. This is an As-deployed line. This line is an extension of the proposed AUV cross-shelf
line (not described here). The GS line extends almost to the southern limit of the glider
operations area, towards the north wall of the Gulf Stream, to sample the source of the water
masses that ultimately circulate toward the shelf-break as a result of mesoscale processes
within the Slope Sea. The east-west line separation echoes the approximate 15 to 20 km
separation that resolves the submesoscale in the deep waters of the Slope Sea. The northern
limit of the line is the 500-m isobath to capture the short across-shelf length scales where the
Slope Sea impinges on the shelf-break, and where vertical transport can be significant in flow
that converges toward and enters the shelf-break front itself. Because this line has some
redundancy with SS-1 and SS-2, and recognizing that the benefits of operating this line must be
weighed against the navigation risk introduced by approaching the Gulf Stream, this is
considered the lowest priority of the six glider lines.
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Figure 5: Pioneer glider line lines. The EB (green), FZ (red), SS-1 (blue), SS-2 (cyan) and
SG (gray) lines are shown along with the Pioneer Array moorings (circles) and the glider
and AUV operating areas (dashed lines).

For use in the Pioneer Array, the coastal gliders will carry a multi-disciplinary sensor payload
(Table 4), including bio-optical sensors with copper faceplates to mitigate biofouling. The As-
deployed sampling strategy will be to operate all science instruments at their maximum

sustainable sampling frequency during profiling, but this strategy will be continually evaluated
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for the optimum balance between data collection and battery life. The gliders will routinely dive
to within several meters of the sea floor or 1000 m depth, whichever is greater, and return to
within several meters of the sea surface. Multiple profiles may be executed before surfacing for
a location fix and data telemetry, and the discretion of the glider pilot. As described below, while
sensor sampling frequency are expected to be fixed, not all sensors will operate for all portions
of all profiles.

On a Coast al Sl ocum Gl ider ( CSG)frequencyadoegmon g
result in a change in power consumption. However, reducing the profiling resolution (i.e.
sampling only on dives) and reducing the sampling depth range (i.e. sampling only the first 200
m of a 1000 m profile) will reduce power consumption. The science instruments on a CSG
(Table 3) are a Sea-Bird conductivity, temperature, and depth (CTD) instrument; a WET Labs
Environmental Characterization Optics (ECO) triplet, which measures chlorophyll, colored
dissolved organic matter (CDOM), and optical backscatter; a Biospherical photosynthetically
active radiation (PAR) sensor; an Aanderaa 3835 dissolved oxygen (DO) sensor; and a
Teledyne Doppler Velocity Logger (DVL). The CTD, ECO triplet, and DO will sample differently
depending upon the glider depth type, shallow versus deep. The DVL, which is mounted in

such a way as to only record useful data when aimed downwards, will sample only during dives.

To maximize the battery life of the deep gliders, the DVL will sample at the maximum possible
rate but at an intermittent profiling frequency (e.g. every 4th dive) and the ECO triplet will only
record data during dives. The PAR sensor will sample at the maximum sampling frequency in
the photic zone, but will be turned off at depths below which visible light is limited. The profiling
strategy is listed in Table 5 for both types of gliders.

Table 4: Pioneer Glider Sensors and Sampling Frequency

Sensor Sampling Frequency

Sea-Bird Slocum Payload CTD 0.5Hz

Aanderaa Oxygen Optode 3835 0.5Hz

WET Labs ECO FLBBCD 1Hz

Biospherical PAR 1 Hz (125 Hz averaged over 125 samples)
Teledyne RDI DVL Explorer 0.5Hz
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Table 5: As-deployed Profiling Strategy

Sensor

1000 m Profiling

200 m Profiling

Sea-Bird Slocum Payload
CTD

full depth, dive only, every
profile

full depth, dive only, every
profile

Aanderaa Oxygen Optode
3835

full depth, dive only, every
profile

full depth, dive only, every
profile

WET Labs ECO FLBBCD

full depth, dive only, every
profile

full depth, only, every
profile

Biospherical PAR

0-200 m, dive only, every
profile

full depth, dive only, every
profile

Teledyne RDI DVL Explorer
(ADCP)

full depth, dive only, first
profile and every 4"
subsequent profile during a
mission segment (surface
to surface)

full depth, dive only, every
profile

Graceful Degradation of sampling rates for gliders is shown in Figure 6. The as-deployed
configuration is 100% sampling, over the full depth range, on dives only (except for the PAR
sensor, which only samples to 200m due to the attenuation of sunlight at increasing water
depths). If, within the first quarter or half of a deployment interval, it appears from the battery
data as though the glider will not be able to meet the longevity goals, the sampling will be

reduced to Baseline (ADCP off). In case of power loss or malfunction, sensors can be turned off

in a further series of pre-selected settings that can be implemented by glider operators in
coordination with system engineers (red and black). Red level reductions require contact with
SE, and automatically trigger recovery plans. Setting 4 is an emergency recovery mode with
only the ARGOS transmitter running.

Power consumption will only be reduced by turning off a sensor, not by reducing sampling

frequency, and only towards the end of a glider transect. It is important to keep the full suite of
water property data as long as possible, as it will be very difficult for users to constantly adjust
their processing and visualization programs to multiple data sets that can change in mid-
transect. The CTD is both a science and an engineering sensor, and provides backup estimates
of pressure as well as density, which is important in terms of the glider buoyancy.

The reduction of successive sensors, according to remaining power, is described in the figure
below. Percentages are compared to as-deployed strategy, and a refined power budget for
coastal gliders will be available in the future.
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Glider Sensor As-Deployed Baseline Recover Emergency
Teledyne RDI 100% 0% 0
ADCP 2.00 (dive only) {run w/o) 0%
100% 100%
Biospherical PAR 0.05 (dive only, (dive only, 0%
to 200m) to 200m)
ECO Triplet 100% 100%
0.49 9
Fluorometer {dive only) (dive only) 0%
0,
Aanderaa Optode 0.10 ;lOD% ELO(M’ 0%
(dive only) (dive only)
0,
SeaBird CTD 0.14 5100% ELOOA' 0%
(dive only) (dive only)
0, 0,
ARGOS beacon 1.66 5100% .100% 100%
(dive only) (dive only) (recover)

Figure 6: Glider Sampling Strategy and Power Conservation

Adaptive sampling (see Section 5) is any departure from the as-deployed missions in order to
address science requests (e.g. a request to redirect a glider away from an as-deployed line to
measure an ephemeral event).

Anyadapt i ve request may r educe -deplayddiing &ihenhsequestsc upat i or
are approved, gliders will be redirected according to the levels of the as-deployed sampling

regime described in the as-deployed section above while still maintaining the baseline EB, FZ,

SS, and GS lines. Planning for an adaptive mission follows the same process as outlined above

with additional input from the scientists requesting the change. Adaptive sampling changes do

not necessarily have to occur prior to deployment, but could take place as a change to an

existing mission plan for a currently deployed glider.

4143 AUVs

Two AUVs operate from the Inshore and Offshore surface mooring docking stations, running
synchronized, synoptic sampling missions. There aretwo i b a s e AUV miss@ns, each with
~150 km total track length: a cross-shelf rectangle (60 km across by 15 km along) oriented
approximately perpendicular to isobaths along the mooring line and an along-shelf rectangle (60
km along by 15 km across) approximately parallel to isobaths, starting near the Inshore
mooring. One docked AUV would be dedicated to each track. The nominal interval between
missions is seven days, determined by the rate of power generation by the surface buoys and
required recharge time.
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4.2 Endurance Array

The Endurance array is located in the coastal ocean along the northwest U.S. offshore from
central Oregon and southern Washington. The environment is characterized by a relatively
narrow shelf, an energetic eastern boundary current, persistent wind-driven upwelling, buoyant
flows resulting from high volumes of fresh water outflow from the Columbia River, inter-annual
variability forced by fluctuations in the tropical Pacific, e.g., El Nifio Southern Oscillation, and
decadal variations in the large-scale circulation of the North Pacific gyre. These processes
result in a number of distinct biogeographical regimes punctuated by large gradients in water
properties and biological community structure. In addition, upwelling regions offer natural
laboratories in which to investigate impacts of ocean acidification on a broad scope of trophic
levels. As deep, nutrient and CO, rich waters at depth well up into the sun lit surface regions in
response to wind forcing, primary production is enhanced under conditions of depressed pH
(elevated acidic) conditions.

4.2.1 Array Structure

The Endurance Array (Figure 7) is comprised of two lines of moorings trending perpendicular to
the coast. The Oregon Line is located off Newport, Oregon (near the Newport Hydrographic
line) extending from 4 4 A 3 9 6 Nanshdret® theWoast; and the Washington Line, a
contrasting site north of the mouth of the Columbia River in southern Washington (also known
as the Grays Harbor line) stretching from 47° N, 125°W onshore to the coast. The array of
surface and profiler moorings, primary nodes, and benthic experiment packages (BEP)
deployed along the Oregon Line occupy locations with water depths of approximately 25, 80,
and 600 m. Moorings along the Washington Line are situated at water depths of 30, 80, and
550 m.

Profiling moorings provide long-term observations of shelf processes, extending from the near-
surface through the water column to the bottom. Surface piercing profilers are deployed at the
inshore and mid-shelf locations, a wire-following profiler is deployed at the offshore Washington
Line location. A cabled Shallow Profiler Mooring and Deep Profiler Mooring are installed at the
offshore location on the Oregon Line. Cabled BEPs and instrumented junction boxes provide
sampling on and near the seafloor. The Oregon Line profiling moorings, BEPs, and junction
boxes are connected to the power and communications cable at the 80, and 500 m sites.
Surface moorings located at 25, 80, and 600 m and all surface and profiler moorings along the
Washington line are not connected to the cable and receive energy generated locally through
solar panels, wind generators, and batteries.
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Oregon (Newport) Line Moorings

(A) Inshore Surface-Piercing Profiler Moorng
(B) Inshore Surface Mooring
(C) Shelf Benthic Experiment Package

(D) Shelf Surface-Piercing Profiler Moorng
(E) Shelf Surface Mooring

(F) Offshore Shallow Prafiler Moaring
. (G) Offshare Deep Profiler Mooring
% To PN1B of (H) Cffshore Benthic Experiment Package
* the RSN cable {t}Astore Burkece Mognng
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Inshore
Endurance WA
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Washington (Grays Harbor) Line Moorings

(A) Inshore Surface-Piercing Profiler Mooring
(B) Inshore Surface Mooring

(C) Shelf Surface-Piercing Profiler Mooring

= 500m (D) Shelf Surface Mooring

(E) Offshore Profiler Mooring

Endurance WA Offshore (F) Offshore Surface Mooring

Figure 7. Endurance Array; Oregon Line (top panel) and Washington Line (bottom panel). Both
lines are comprised of three primary mooring locations trending perpendicular to the isobaths;
inshore (25-30 m depth), mid-shelf (80 m depth), and offshore (550-600 m depth). Profiling
moorings are positioned at each mooring location and surface meteorological buoys are
positioned at each mid-shelf and offshore location. The mid-shelf and offshore profiler moorings
and BEPs on the Oregon Line are attached to the power and communications cable. All other
assets are self-powered. The surface meteorological floats are equipped with solar and wind
power generation.
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4.2.2 Instrument Operation

Sampling frequencies may change to reflect operational capabilities or to conserve power. fAs-
d e p | osamptng for all fixed instruments reflects the maximum sustainable rate possible for
the duration of each instrument deployment and is a function of instrument capability and
available power. Instruments along the Oregon Line and attached to the power and
communications cable (benthic sensors at the 80 m and 600 m sites) are operated at or near
the maximum sample frequency and defines i ad e p | o yamplig for those instruments.
fBa s e | sampdiry is less energy-intensive and designed to address long-term variability, thus
providing the researcher with maximum adaptive sampling flexibility. In some cases where
power is limited, the i ade p | oanedfdida s edampling fiequencies are the same, because
the minimal sampling frequencies that support OOI science requirements use all available
power. Bl = Burst Interval; BD = Burst Duration; SI = Sampling Interval.

A list of all Endurance Array sensors, their location, and their provisional (exemplar) il & s

deployedd a badelinBd0 s a mipehuentigs are shown in Table 7 (reference document
8205-61000_0OO0I_Endurance_Sampling).
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Table 7. Endurance Array Baseline aAdéejdoyed Sampling
(s = second; m= minute; h = hour)

Depth Baseline AS-Deployed Percentage
Instrument | Platform Comments
(m) B | B0 | s Bl | BD | sI | Telemetereg
Oregon Inshore Surface Mooring (CE01ISSM) Battery DCL turns on every hour
vELpT | Sufface | 3h | 3min| 1s 30min | 3min | 1s 50
Buoy
CTDBP Sé‘lrfg;e 1 3h | 25s| 025s | 15min | 25s | 0.25s 25 Only deployed over winter months
Surface . Only deployed over winter months,
FLORT Buoy 1 3h 1s 1s 15min 1s 1s 25 connected to CTDBP
CTDBP NSIF 7 3h 25s 0.25s 15min 25s 0.25s 25 Every measurement is a@csaverage
DOSTA is connected to the CTD, sarm
DOSTA NSIF 7 3h 1ls 1s 15min 1s 1s 25 once after CTD collects other sensor
measurements.
FLORT NSIF 7 3h 3min 1ls 1lh 3min 1ls 100 1 minute minimum run time
. Requires 30 sec for lamp to warm up,
NUTNR NSIF 7 3h 12s 15s 30min 12s 15s 50 samples for 12 sec.
Requires ~0.75 s to equilibrate. Files {
OPTAA NSIF 7 3h 2min 0.25s 1lh 2min 0.25s 4 large for telemetry, only one file sent
unlesdViFiis available.
Run pump for 5 s (collects sample), w
PCO2W NSIF 7 3h 7 min 7mn 1h 7mn 7mn 100 min for equilibration and then process
sample
Begins sample collection immediately
PHSEN NSIF 7 3h | 3mn | 3min 1h | 3min | 3min 100 | "€quiring 3 minutes to equilianate
process 23 1.5 s pump cycles intoa s
record
SPKIR NSIF 7 3h 3min 1ls 1lh 3min 1ls 100
VELPT NSIF 7 1lh 3min 1s 30min 3min 1s 50
This is only for the horizontal currents
ADCPT MFN 25 1h | 3min 2s 30min | 3min 2s 25 wavesampling; 60 pings per ensemble
ensemble every 15 minutes
This is only for the wave sampling. Po
ADCPT . : limitations of CPM/DCL system prohil
WAVES MFN 25 6h 20min 05s 3h 20min 05s 0 collecting and transmitting wave burst
Downloaded pastovery
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Has external battery and internal storg
downloaded peastoveryWiFiallows
CAMDS MEN 25 3h 3s ls 3h 3s ls 8 images to be sent, but limited by file s
and driver capabilities.
CTDBP MFEN 25 3h 25s 0.25s 15min 25s 0.25s 25 Every measurement is a 2.5 sec averg
DOSTA is connected to the CTD, sarm
DOSTA MFEN 25 3h 1s 1s 15min 1s 1s 25 once after CTD collects other sensor
measurements.
Reg. 0.75 s to equilibrate. Files too lar
OPTAA MFN 25 3h 2min 0.25s 1lh 2min 0.25s 4 telemetry, only one file sent per day, U
WiFiis available.
. . . . Run pump for 5 s (collects sample), w
PCO2wW MFN 25 3h 7min 7min 1lh 7min 7min 100 min for equilibration, process sample
Begins sample collection immediately
PHSEN MFN 25 3h | 3min| 3min 1h | 3min | 3min 100 | requiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles intoa s
record
Integrates tide measurement46d06
sample) over 1 hour. Internal battery;
PRESHIDES MFN 25 3h 1lh 0.06 s 1lh 1lh 0.06 s 100 continuously, transmits tide data every
waves recorded internally
Collects one wave burst measuremen
PRESF ) _ 3 hours. Bursts composed of 1024 sa
WAVES MFN 25 Gh 17min 1s 3h 17min 1s 0 collected at 1 Hz. Data stored internal
downloaded peastovery.
. . This scheme will, if the system runs o
VEL3D MFN 25 3h 5min 0.125s 1lh 5min 0.125s 100 battery only, only last for approx. 180
. . . Sonar has internal battery and data st
ZPLSC MFN 25 1lh 6 min 2s 10min 2min 2s 20 downloaded pastovery
Battery; Telemetry decimation is
Oregon Inshore Sface Piercing Profiling Moorif@E01ISSP) adjustable, currently set to every 8th
record
CTDPF Profiler 0-23 12 h 15min 10s 6h 15min 10s 12.5
DOSTA Profiler 0-23 12 h 15min 10s 6 h 15min 10s 12.5
FLORT Profiler 0-23 12 h 15min 1ls 6h 15min 1s 12.5
NUTNR Profiler 0-23 12h | 15min 1ls 6 h 15min 1ls 125
OPTAA Profiler 0-23 12h | 15min 0.25s 6 h 15min 0.25s 12.5
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PARAD Profiler 0-23 12h | 15min 1ls 6h 15min 1ls 12.5
SPKIR Profiler 0-23 12h | 15min 0.143 s 6 h 15min 0.143 s 12.5
VEL3D Profiler 0-23 12h | 15min| 0.0625s 6 h 15min | 0.0625s 125
Oregon Shelf Benthic Package (CEO02SHBP) Cabled 100% telemetered
CAMDS JBox 80 3h 3s ls 3h 3s 1ls 100
= .
HYDBB JBOX 80 4h | 5min 0'00800625 5min | 5min 0'0080062“ 100 On continuously
Staggered to avoid startup power con
ZPLSC JBox 80 3h | 20min 1s 3h 20min 1s 100 and noise; 1 minute of passive record
twice per day; Could change seasona
ADCPT BEP 80 5min | 24s 2.2s 0.6s 0.6s 0.6s 100 0.57 s per ping, 1 pinggnsemble
. . Uses profiling mode to collect data at
CTDBP BEP 80 5min | 2min 20s 05s 05s 05s 100 continuously
DOSTA BEP 80 5min 2min 20s 05s 05s 05s 100 Connected through CTDBP
OPTAA BEP 80 1lh 2min 0.25s 0.25s 0.25 0.25s 100
. . . . Requires 5 minutes of equilibration tin
PCO2W BEP 80 2h 7min 7min 2h 7min 7min 100 sample depth before processing samy
Begins sample collection immediately
PHSEN BEP 80 1h | 3min| 3min 1h | 3min | 3min 100 | "€quiring 3 minutes to equilianate
process 23 1.5 s pump cycles intoa s
record
VEL3D BEP 80 1h 1min 0.125s | 0.125s| 0.125s| 0.125s 100
Oregon Shelf Coastal Surface Mooring (CE02SHSM) Battery, wind, solal00% telemetered
100% of processed science data is se
FocHP | Sum@c | o ai | 3h | 20min| 01s 1h | 20min| o01s 100 | telemetry. Raw science data and
Buoy engineering data are downloaded pos
recovery.
Surface : . . _ . . As deployed system runs continuously
METBK Buoy In Air 1h 20min 1min 1min 1min 1min 100 reporting valuesce a minute.
PCO2A SE‘sJLfg;e Arandl 3h | 36s 2s 1h 36's 2s 100
VELPT Sglrjfg;e 1 1h | 3min 1s 15min | 3min 1s 100
Surface 100% of processed science data is se
WAVSS BUO In Air 3h 20min 0.25s 1h 20min 0.25s 100 telemetry. Raw science data and
y engineering data are downloaded pos
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recovery.
. . . Creates onerBinute ensemble of 180
ADCPT NSIF 7 1lh 3min 1s 15min 3min 1s 100 pings every 15 minutes
CTDBP NSIF 7 1lh 3min 10s 15min 3min 10s 100
DOSTA NSIF 7 1lh 3min 5s 15min 3min 5s 100
FLORT NSIF 7 1lh 3min 1ls 15min 3min 1ls 100
NUTNR NSIF 7 3h | 12s| 15s | 30min | 12s 155 100 h'orz'rtse)d by finear calibration drift time
OPTAA NSIF 7 3h 2min 0.25s 1lh 2min 0.25s 100 Requires 0.7#binfor lamp to equilibrate
Begins sample collection immediately
PHSEN NSIF 7 3h | 3min| 3min 1h | 3min | 3min 100 | "équiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles into a s
record
SPKIR NSIF 7 1lh 3min 1ls 15min 3min 1ls 100
VELPT NSIF 7 1lh 3min 1ls 15min 3min 1ls 100
Battery; Telemetry decimation is
Oregon Shelf Surface Piercing Profiling Mooring (CE02SHSP) adjustable, currently set to every 8th
record
CTDPF Profiler 0-78 12 h 1lh 0.0625 s 3h 1lh 0.0625 s 125
DOSTA Profiler | 0-23/78| 12h 1lh 1s 3h 1lh 1ls 12.5
FLORT Profiler | 0-23/78| 12h 1lh 1s 3h 1h 1s 12.5
NUTNR Profiler | 0-23/78| 12h 1lh 3s 3h 1lh 3s 12.5
OPTAA Profiler | 0-23/78| 12h 1lh 0.25s 3h 1lh 0.25s 12.5
PARAD Profiler | 0-23/78| 12h 1lh 1ls 3h 1lh 1ls 12.5
SPKIR Profiler | 0-23/78| 12h 1lh 0.143 s 3h 1h 0.143 s 12.5
VEL3D Profiler | 0-23/78| 12h 1lh 0.125s 3h 1h 0.125s 12.5
Oregon Offshore Benthic Package (CE04OSBP) Cabled 100%elemetered
CAMDS JBox 600 3h ls 0.333 s 3h 3s 1ls 100
HYDBB JBox 600 4h | 5min 0'00300625 5min | 5min 0'0030625 100 On continuously
ADCPS BEP 600 5min 24 s 22s 2.17s 217 s 2.17s 100 2.2 s per ping, 1 ping per ensemble
. . Uses profiling mode to collect data at
CTDBP BEP 600 5min 2min 20s 05s 05s 05s 100 continuously
DOSTA BEP 600 5min 2min 20s 05s 05s 05s 100 Connected through CTDBP
OPTAA BEP 600 1lh 2min 0.25s 0.25s 0.25 0.25s 100
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. . . . Requires 5 minutes of equilibration tin
PCO2W BEP 600 2h 7min 7min 2h 7min 7min 100 sample depth before processing samy
Begins sample collection immediately
PHSEN BEP 600 1h | 3min| 3min 1h | 3min | 3min 100 | féquiring 3 minutes to equilibrate and
process 23 1.5 s purgiples into a single
record
VEL3D BEP 600 1lh 1min 0.0625 0.125s| 0.125s| 0.125s 100
Oregon Offshore Hybrid Profiler Mooring (CE04OSHY) Cabled 100% telemetered
CTDPF Shallow | 0-200 1d 20min 10s 6 h 40min 10s 100
DOFST Shallow | 0-200 1d 20min 10s 6h 40min 10s 100
FLORT Shallow | 0-200 1d 20min 1ls 6 h 40min 1ls 100
NUTNR Shallow | 0-200 1d 20min 1ls 6 h 40min 1ls 100
OPTAA Shallow | 0-200 1d 20min 0.25s 6 h 40min 0.25s 100
PARAD Shallow | 0-200 1d 20min 1ls 6h 40min 1ls 100
PCO2W Shallow | 0-200 1d 7min 6s 6 h 7min 6s 100
SPKIR Shallow | 0-200 1d 20min 1ls 6 h 40min 1ls 100
Can sample up to 64 Hz, but will suffe
VEL3D | Shallow | 0-200 | 1d | 20min| 0.125s | 6h | 40min| 0.125s 100 | reduced daguality if no particles are
present to scatter off of. Suggested sg
rate is 8 Hz.
CTDBP MidWater 200 1d 20min 20s 1lh 5min 20s 100
DOSTA MidWater 200 1d 20min 20s 1lh 5min 20s 100
. . . . . Requires 5 minutes of equilibration tin
PCO2wW MidWater 200 1d 7min 7min 1lh 7min 7min 100 sample depth before processing samp
Begins sample collection immediately
PHSEN | Midwater| 200 1d | 3min| 3min 1h | 3min | 3min 100 | "€quiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles sintigla
record
Staggered to avoid startup power con
ZPLSC | MidWwater| 200 1d | 20min 1s 1h 20min 1s 100 and noise; 1 minute of passive record
twice per day; Could change seasona
CTDPF Deep 253;30'7 1d 20min 10s 6 h 40min 10s 100
DOFST Deep 253;3(; 1d | 20min| 10s 6h | 40min| 10s 100
FLORT Deep 253807- 1d 20min 0.25s 6 h 40min 0.25s 100
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FLORT Deep | 2 | 1d |20min| 025s | 6h | 40min| 0.25s 100 | 'hereare 2 FLORT
VEL3D Deep 253;3% 1d 20min 0.0625 6h 40min 0.0625 100
Oregon Offshore Coastal Surface Mooring (CE0O40SSM) Battery, wind, solpl00% telemetered
Surface : . . . . . As deployed system runs continuously
METBK Buoy In Air 1lh 20min 1min 1min 1min 1min 100 reporting values once a minute.
PCO2A Sé‘l:fgyce Arandl 3h | 36s 2s 1h 36s 2s 100
VELPT Sglrjfg;e 1 1h | 3min 1s 15min | 3min 1s 100
100% of processed science data is se
WAvss | Surface | i | 3h | 20min| 0255 1h | 20min| 025s 100 | telemetry. Raw science data and
Buoy engineering data are downloaded pos
recovery.
: . . Creates onerBlinute ensemble of 180
ADCPT NSIF 7 1lh 3min 1s 15min 3min 1s 100 pings every 15 minutes
CTDBP NSIF 7 1lh 3min 10s 15min 3min 10s 100
DOSTA NSIF 7 1lh 3min 5s 15min 3min 5s 100
FLORT NSIF 7 1lh 3min 1ls 15min 3min 1ls 100
NUTNR NSIF 7 3h | 12s| 15s | 30min | 12s 155 100 hgﬂ'rtf)d by linear calibration drift time
OPTAA NSIF 7 3h 2min 0.25s 1lh 2min 0.25s 100 Requires 0.7binfor lamp to equilibrate
Begins sample collection immediately
PHSEN NSIF 7 3h | 3min| 3min 1h | 3min | 3min 100 | requiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles intoa s
record
SPKIR NSIF 7 1lh 3min 1ls 15min 3min 1s 100
VELPT NSIF 7 1h 3min 1s 15min 3min 1s 100
Shallow Gliders (CEO5MOAS) Battery
ADCPA Hul | 0-200| 1h 1h 2s 1h 1h 2s 0 Samples on dive only. Data stored
internally, downloaded-pexstvery
CTDGV Hull 0-200 1h 1lh 2s 1lh 1lh 2s 4
DOSTA Hull 0-200 1lh 1lh 2s 1lh 1h 2s 4 Samples on dive only. datamated
t I db I
FLORT Hul | 0-200| 1h | 1h 1s 1h 1h 1s 2 emporally and by colimn
PARAD Hull 0-200 1lh 1lh 1s 1lh 1lh 1s 2
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Deep Gliders (CEO5MOAS)

Battery

Samples on dive only. Data stored
ADCPA Hull 0-1000 1lh 1lh 2s 1lh 1lh 2s 0 internally, downloaded-pestvery.
CTDGV Hull 0-1000 1lh 1lh 2s 1lh 1lh 2s 4
DOSTA Hull 0-1000| 1h 1h 2s 1h 1h 2s 4 Samples on dive only. Datamated
temporally and by column
FLORT Hull 0-1000 1lh 1lh 1ls 1lh 1lh 1ls 2
PARAD Hull 0-200 1lh 1lh 1ls 1lh 1lh 1ls 2
Washington Inshore Surface Mooring (CE06ISSM) Battery DCL on every hour
VELPT Surface 1 3h 3min 1s 30min 3min 1ls 50
Buoy
CTDBP Sé‘:jfg;e 1 3h | 25s| 025s | 15min | 25s | 025s 25 Only deployed over winter months
Surface . Only deployed over winter months,
FLORT Buoy 1 3h 1s 1s 15min 1s 1s 25 connected to CTDBP
CTDBP NSIF 7 3h 25s 0.25s 15min 25s 0.25s 25 Every measurement is a 2.5 sec averg
DOSTA isonnected to the CTD, samp
DOSTA NSIF 7 3h 1ls 1s 15min 1s 1s 25 once after CTD collects other sensor
measurements.
FLORT NSIF 7 3h 3min 1s 1lh 3min 1s 100 1 minute minimum run time
. Requires 30 sec for lamp to warm up,
NUTNR NSIF 7 3h 12s 15s 30min 12s 15s 50 sampleor 12 sec.
Requires ~0.75 s to equilibrate. Files {
_ ) large for telemetry, only one file sent
OPTAA NSIF 7 3h 2min 0.25s 1lh 2min 0.25s 4 day, unles#/iFiavailable.
Run pump for 5 s (collsataple), wait 5
PCO2wW NSIF 7 3h 7min 7min 1lh 7min 7min 100 min for equilibration and then process
sample
Begins sample collection immediately
PHSEN NSIF 7 3h 3min 3min 1h 3min 3min 100 requiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles intoa s
record
SPKIR NSIF 7 3h 3min 1ls 1lh 3min 1s 100
VELPT NSIF 7 1lh 3min 1s 30min 3min 1s 50
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ADCPT

MFN

25

1h

3min

2s

30min

3min

2s

50

Creates onerBinute ensemble average
90 pings every 30 minutes.

ADCPT
WAVES

MFEN

25

6 h

20min

0.5s

3h

20

0.5s

This is only for the wave sampling. Po
limitations of CPM/DCL system prohil
collecting and transmitting wave burst
Downloaded pastovery.

CAMDS

MFEN

25

3h

3s

1s

3h

3s

1s

External battery and internal storage,
downloaded pascoveryiFiallows
images to be sent, but limited by file s
and driver capabilities.

CTDBP

MFN

25

3h

25s

0.25s

15min

25s

0.25s

25

Every measurement is a 2.5 sec averg

DOSTA

MFN

25

3h

1s

1s

15min

1s

1s

25

DOSTA is connected to the CTD, sam
once after CTD collects other sensor
measurements.

OPTAA

MFN

25

3h

2min

0.25s

1lh

2min

0.25s

Req. 0.75 s to equilibrate. Files too laf
telemetry, only one file sent per day, U
WiFiis available.

PCO2W

MFN

25

3h

7 min

7 min

1h

7 min

7 min

100

Run pump for 5 s (collects sample), w
min for equilibration, process sample

PHSEN

MFN

25

3h

3min

3min

1h

3min

3min

100

Begins sample collection immediately
requiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles intoa s
record

PRESHIDES

MFN

25

3h

1h

0.06 s

1h

1h

0.06 s

100

Integrates tide measurement46c06

sample) over 1 hour. Internal battery;
continuously, transmits tide data every
waves recorded internally

PRESF
WAVES

MFN

25

6 h

17min

1s

3h

17min

1s

Collects one wave burst measuremen
3 hours. Bursts composed of 1024 sa
collected at 1 Hz. Data stored internal
downloaded pastovery.

VEL3D

MFN

25

3h

5min

0.125s

1h

5min

0.125s

100

This scheme will, if the system runs o
battery only, only lastfiprox180 days.

ZPLSC

MFN

25

1h

6min

2s

10min

2min

2s

20

Sonar has internal battery and data st
downloaded pastovery

Ver 1-00

1102-00200

Page 36



Observation and Sampling Approach

Battery; Telemetry decimation is

Washington Inshore Surface Piercing Profiling Mooring (CE06ISSP) adjustable, currently set to every 8th
record
CTDPF Profiler 0-23 12 h 15min 10s 6h 15min 10s 125
DOSTA Profiler 0-23 12 h 15min 10s 6 h 15min 10s 12.5
FLORT Profiler 0-23 12 h 15min 1s 6 h 15min 1s 12.5
NUTNR Profiler 0-23 12h | 15min 1s 6h 15min 1s 12.5
OPTAA Profiler 0-23 12h | 15min 0.25s 6h 15min 0.25s 12.5
PARAD Profiler 0-23 12h | 15min 1s 6h 15min 1s 12.5
SPKIR Profiler 0-23 12 h 15min 0.143s 6 h 15min 0.143 s 12.5
VEL3D Profiler 0-23 12h | 15min| 0.0625s 6 h 15min | 0.0625s 125

Battery, wind, solar, fuel gélFN DCL

Washington Shelf Surface Mooring (CEQ7SHSM) only on every hour

Surface , . . : . . As deployed system morginuously,
METBK Buoy In Air 1lh 20min 1min Imin 1min 1min 100 reporting values once a minute.
PCO2A Sgﬂfg‘;e Arand1 3h | 36s | 2s 1h | 36s 2s 100
VELPT Sglrjfg‘;e 1 1h | 3min 1s 15min | 3min 1s 100
100% of processmzience data is sent v
wAvss | Suface | | 3h | 20min| 025s 1h | 20min| 025s 100 | telemetry. Raw science data and
Buoy engineering data are downloaded pos
recovery.
. . . Creates onerBinute ensemble of 180
ADCPT NSIF 7 1lh 3min 1s 15min 3min 1s 100 pings every 15 minutes
CTDBP NSIF 7 1lh 3min 10s 15min 3min 10s 100
DOSTA NSIF 7 1lh 3min 5s 15min 3min 5s 100
FLORT NSIF 7 1lh 3min 1ls 15min 3min 1s 100
NUTNR NSIF 7 3h | 12s| 15s | 30min | 12s 155 100 hgﬂ'rts)d by finear calibration drift time
OPTAA NSIF 7 3h 2min 0.25s 1lh 2min 0.25s 100 Requires 0.78into equilibrate
Begins sample collection immediately
PHSEN NSIF 7 3h | 3min| 3min 1h | 3min | 3min 100 | requiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles intoa s
record
SPKIR NSIF 7 1h 3min 1ls 15min 3min 1ls 100
VELPT NSIF 7 1h 3min 1ls 15min 3min 1ls 100
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ADCPT

MFN

80

1h

3min

2s

30min

3min

2s

50

Creates onerBinute ensemble average
90 pings every 30 minutes.

CAMDS

MFEN

80

3h

3s

1s

3h

3s

1s

External battery and internal storage,
downloaded peastoveryWiFiallows
images to be sent, but limited by file s
and driver capabilities.

CTDBP

MFEN

80

3h

25s

0.25s

15min

25s

0.25s

25

Every measurement is a 2.5 sec averz

DOSTA

MFN

80

3h

1s

1s

15min

1s

25

DOSTA is connected to the CTD, sam
once after CTD collects other sensor
measurements.

OPTAA

MFN

80

3h

2min

0.25s

1lh

2min

0.25s

Req. 0.75 s to equilibrate. Files too lar
telemetry, only one file sent per day, U
WiFiis available.

PCO2W

MFN

80

3h

7min

7 min

1lh

7 min

7 min

100

Run pump for 5 s (collects sample), w
min for equilibration, process sample

PHSEN

MFN

80

3h

3min

3min

1lh

3min

3min

100

Begins sample collection immediately
requiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles intoa s
record

PRESHIDES

MFN

80

3h

1h

0.06 s

1h

1h

0.06 s

100

Integrates tide measurement48di6
sample) over 1 hour. Internal battery;
continuously, transmits tide data every
waves recorded internally

PRESF
WAVES

MFN

80

3h

17min

1s

3h

17min

1s

Collects one wave burst measuremen
3 hours. Bursts composed of 1024 sa
collected at 1 Hz. Data stored internal
downloaded peastovery.

VEL3D

MFN

80

3h

5min

0.125s

1lh

5min

0.125s

100

5 min at 8 Hz will provide more useful
than 10 min at 16 Hz (which it CAN dg
meet requirements)

ZPLSC

MFN

80

1h

6min

2s

10min

2min

2s

20

Sonar has internal battery and data st
downloaded pastovery

Washington Shelf Sace Piercing Profiling Moori(@e07ISSP)

Battery; Telemetry decimation is
adjustable, currently set to every 8th
record

CTDPF

|

Profiler| 0-78 |

1d

| 15min |

10s

|

12 h

15min

10 s

12.5
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DOSTA Profiler 0-78 1d 15min 10s 12 h 15min 10s 12.5
FLORT Profiler 0-78 1d 15min 1s 12 h 15min 1s 12.5
NUTNR Profiler 0-78 1d 15min 1s 12h 15min 1s 12.5
OPTAA Profiler 0-78 1d 15min 0.25s 12h 15min 0.25s 12.5
PARAD Profiler 0-78 1d 15min 1ls 12 h 15min 1s 12.5
SPKIR Profiler 0-78 1d 15min 0.143 s 12 h 15min 0.143 s 12.5
VEL3D Profiler 0-78 1d 15min| 0.0625s 12h 15min | 0.0625s 12.5
Washington Offshore Wirellowing Profiler Mooring (CEO9OSPM) Battery
CTDPF Profiler | 15-583 12h | 40min 10s 6h 40min 10s 100
DOFST Profiler | 15-583 12h | 40min 10s 6 h 40min 10s 100
FLORT Profiler | 15-583 12h | 40min 1ls 6 h 40min 1ls 100
PARAD Profiler | 15-583 12 h 40min 1ls 6 h 40min 1ls 100
VEL3D Profiler | 15-583 12h | 40min| 0.0625s 6 h 40min | 0.0625 s 65 Decimated by column, not temporally.
Washington Offshof@oastal Surface Mooring (CE09OSSM) SFIErelny, i), S e, e G AN DEE
only on every hour
Surface . . . . . . As deployed system runs continuously
METBK Buoy In Air 1h 20min 1min 1min 1min 1min 100 reporting values once a minute.
PCO2A Sé‘:jfg;e Arand1| 3h | 36s 2s 1h 36's 2s 100
VELPT Sglzf:;e 1 1h | 3min 1s 15min | 3min 1s 100
100% of processed science data is se
wavss | Suface | . | 3h | 20min| 025s 1h | 20min| 025s 100 | telemetry. Raw science data and
Buoy engineering datee downloaded post
recovery.
. . . Creates onerinute ensemble of 180
ADCPT NSIF 7 1lh 3min 1s 15min 3min 1s 100 pings every 15 minutes
CTDBP NSIF 7 1lh 3min 10s 15min 3min 10s 100
DOSTA NSIF 7 1lh 3min 5s 15min 3min 5s 100
FLORT NSIF 7 1h 3min 1ls 15min 3min 1ls 100
Limited by li libration drift ti
NUTNR NSIF 7 3h | 12s| 15s | 30min | 12s 155 100 h'(;z'rse) y linear catlbration driit ime
OPTAA NSIF 7 3h 2min 0.25s 1h 2min 0.25s 100 Requires 0.7binto equilibrate
Begins sample collection immediately
PHSEN NSIF 7 3h | 3min| 3min 1h | 3min | 3min 100 | requiring 3 minutes to equilibrate and
process 23 1.5 s pump cycles intoa s
record
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SPKIR NSIF 7 1h 3min 1s 15min 3min 1s 100
VELPT NSIF 7 1h 3min 1s 15min 3min 1s 100
This is only for the horizontal currents
ADCPS MFN 600 2h | 3min| 25s 2h 3min 25s 100 | Wave sampling; 72 pings per ensembl
minute ensemble average every 120
minutes
External battery and internal storage,
downloaded pascoveryiFiallows
CAMDS MFN 600 3h 3s 1s 3h 3s 1s 8 images to be sent, but limited by file s
and driver capabilities.
CTDBP MFN 600 3h 25s 0.25s 15min 25s 0.25s 25 Every measurement is a 2.5 sec averg
DOSTA is connected to the CTD, sam
DOSTA MEN 600 3h 1s 1s 15min 1s 1s 25 once after CTD collects other sensor
measurements.
Req. 0.75 s to equilibrate. Files too laf
OPTAA MFN 600 3h 2min 0.25s 1lh 2min 0.25s 4 telemetry, only one file sent per day, U
WiFiis available.
. . . . Run pump for 5 s (collects sample), w
PCO2W MFN 600 3h 7min 7min 1h 7min 7min 100 min for equilibration, process sample
Begiis sample collection immedi8tely;
PHSEN MFN 600 3h 3min 3min 1h 3min 3min 100 minutes to equilibrate and process 23
pump cycles into a single record
Integrates tide measurement (0.06 se
sample) over 1 hour. Internal battery;
PRESHIDES MFEN 600 3h 1h 0.06 s 1h 1h 0.06 s 100 CO”tinuous'y’ transmits tide data every
waves recorded internally
Collects one wave burst measuremen
PRESF . . 3 hours. Bursts composed of 1024 sa
WAVES MFN 600 6h | 17min 1ls 3h 17min 1ls 0 collected at 1 Hz. Data stored internal
downloaded peastovery.
5 min at 8 Hz will provide more useful
VEL3D MFN 600 3h 5min 0.125s 1lh 5min 0.125s 100 than 10 min at 16 Hz (which it CAN dg
meet requirements)
. . . Sonar has internal battery and data st
ZPLSC MFN 600 1h 6min 2s 10min 2min 2s 20 downloaded pastovery
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4.2.3 Coastal Surface Moorings

Four coastal surface moorings are found in the Endurance Array. They are located at the
inshore site on the Oregon line; and at the inshore, mid-shelf and offshore sites on the
Washington line. Surface moorings have instrumentation located in-air, on near-surface-
instrument-frames (NSIF), and at multi-function nodes (MFN).

4.2.4 Mobile Platform Operation
4.2.4.1 Profiling Moorings

All profiling moorings conduct at least one vertical profile per day to satisfy i b a s edarpling.o
This profile is performed at mid-day to acquire vertical profiles of light intensity. Profilers that
are attached to the cable (the surface-piercing profiler at the 80 m site, and the Shallow and
Deep profiler moorings at the 500 m site) are operated at i adse p | ofsequdnoies that can be
sustained for the duration of the deployments. Profilers not attached to the cable perform fewer
i ade p | oprodilesder day in order conserve power. Uncabled profilers located on the
continental shelf perform four i ad e p | opyofiles per day (BD = 6 h) while profilers moored at
continental shelf sites conducttwo i ad e p | opyofilesdper day (BD = 12 h). Sampling
frequency and profiler speed are adjusted to yield a minimum of one meter vertical resolution
perfi b a s ednd fnaabi® p | oproéilel Vith a nominal profiling speed of 0.25 m/sec, a
sampling interval Sl < 4s is required to achieve the required spatial resolution.

4242 Gliders

In order to provide observations between the fixed sites and allow a greater degree of adaptive
sampling capability, six instrumented gliders are deployed simultaneously and operated
cooperatively. Together, the gliders, surface buoys, profilers, and benthic experiment packages
provide near real time data from the air-sea interface, through the water column and to the
seafloor.
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4.2.4.2.1Endurance Array Glider Paths
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Figure 8: Endurance Sampling Lines with Section Labels

The gliders will operate along five east-west lines from approximately the 25 m isobath to 126°
W (128° W along the Newport Hydrographic and Grays Harbor lines) and north-south along
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approximately 126° W and the 200 m isobath (see Figure 8). There will nominally be six gliders
deployed year-round, although the exact number in the water at any one time may vary
according to the maintenance and refurbishment schedule, weather conditions, and to optimize
scientific data collection.

fAs-d e p | omissidng are designated with priority levels beginning with A b a s edegmeraso
(which are occupied most frequently) and ending with the least occupied segments. The

fi b a s erhigsione, geographically, are the missions that are of vital importance and are
occupied as continuously as possible, changing only for emergency, maintenance, or power
saving needs. The remaining priority levels of i adse p | orgissidng are structured by
importance and the order by which they can be diverted to adaptive missions or scaled back.

The i b a s edampling Kegime for the Endurance gliders will follow lines at Grays Harbor (GH)
and Newport (NH), which will provide coverage between the moored and cabled Endurance

Array deployment sites, as well as resolution of cross-shelf processes that will affect conditions
at those sites. The i b a s édampling regime consists of segments 2a, 2b, 2c, 4a, 4b, and 4c.

The i ade p | osampling regime has several levels beyond fi b a s ethat togettier form the
ideal glider sampling strategy. However, they can be scaled back level-by-level if necessary due
to power, maintenance, or adaptive sampling constraints. The i acde p | olgvelsace
separated out between the deep and shallow gliders as they generally cover separate areas.
Table 8 shows the fi b a s elinas foreboth types of gliders and the subsequent order of priority
for the various lines of the Endurance Glider Array. Shallow segments will be occupied more
frequently by gliders than deep segments, due to the more rapidly changing oceanographic
conditions in inshore areas and the greater area of coverage of the offshore, deeper segments.
A minimum occupancy rate of once per quarter has been built into the glider mission planning
models.

Table 8. fiBa s e | ianddéAs-d e p | o Prodity Levels

Priority Geographic Description

i b as et [ Newport Hydrographic Shallow (4a);
Shallow
Grays Harbor Deep and Shallow (2a).

1%- Shallow | La Push (1a) and Coos Bay (5a)

2"- Shallow | Cape Falcon (3a)

fi b as et | Newport Hydrographic Deep (4b, 4c);
Deep
Grays Harbor Deep (2b, 2¢).

1%- Deep La Push (1b) and Coos Bay (5b)

2".-Deep | Offshore line (6a-d)

3" Deep Cape Falcon (3b), may be run by a deep or shallow glider to increase
frequency
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The nominal sampling protocol will be to operate all science instruments at their maximum
possible sampling frequencies during subsurface profiling, but will be continually evaluated for
the optimum balance between data collection and battery life. On a Coastal Slocum Glider,
changing an instrumentds sampling resolution
consumption. However, the profiling resolution and sampling depth range of the instrument can
be changed on a glider to control power. However, reducing the profiling resolution (i.e.
sampling only on dives) and reducing the sampling depth range (i.e. sampling only the first 200
m of a 1000 m profile) will reduce power consumption. The science instruments on the glider
are a Sea-Bird conductivity, temperature, and depth (CTD) instrument; a WET Labs
Environmental Characterization Optics (ECO) triplet, which measures chlorophyll, colored
dissolved organic matter (CDOM), and optical backscatter; a Biospherical photosynthetically
active radiation (PAR) sensor; an Aanderaa 3835 dissolved oxygen (DO) sensor; and a
Teledyne Doppler Velocity Logger (DVL). The CTD, ECO triplet, and DO will sample differently
depending upon the glider type. The DVL, which is mounted in such a way as to only record
useful data when aimed downwards, will sample only during dives. The PAR sensor will sample
at the maximum sampling frequency while in the photic zone, but will be turned off at depths
below which visible light is limited. The exemplar sampling Frequencies are listed in Table 9
and the exemplar profiling strategy is listed in Table 10 for both types of gliders.

does

Table 9. Exemplar Endurance Glider Instrument Sampling Frequencies

Sensor Sampling Frequency
Sea-Bird Slocum Payload CTD 0.5Hz

Aanderaa Oxygen Optode 3835 0.5Hz

WET Labs ECO FLBBCD 1 Hz

Biospherical PAR 1 Hz (125 Hz averaged over 125 samples)

Teledyne RDI DVL Explorer 0.5Hz

Table 10. Exemplar Endurance Glider Profiling Strategy

Sensor

1000 m Profiling

200 m Profiling

Sea-Bird Slocum Payload
CTD

full depth, dive and climb,
every profile

full depth, dive and climb,
every profile

Aanderaa Oxygen Optode
3835

full depth, dive and climb,
every profile

full depth, dive and climb,
every profile

WET Labs ECO FLBBCD

full depth, dive only, every
profile

full depth, dive and climb,
every profile

Biospherical PAR

0-200 m, dive and climb,
every profile

full depth, dive and climb,
every profile
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Teledyne RDI DVL Explorer full depth, dive only, first full depth, dive only, every
profile and every 4" profile

subsequent profile during a
mission segment (surface
to surface)

Graceful Degradation of sampling frequencies for gliders is shown in Figure 9. The as deployed
configuration is 100% sampling over the full depth range, on both dives and climbs (except for
the ADCP, which samples only on dives, and the PAR sensor, which only samples to 200m due
to the attenuation of sunlight at increasing water depths). If, within the first quarter or half of a
deployment interval, it appears from the battery data as though the glider will not be able to
meet the longevity goals, the sampling will be reduced to Setting 1 (ADCP off) and then to
Baseline (ADCP off, all other sensors reduced to dive-only sampling). In case of power loss or
malfunction, individual sensors can be turned off in a series of pre-selected settings that can be
implemented by glider operators in coordination with system engineers (red and black). Red
level reductions require contact with SE, and automatically trigger recovery plans. Setting 4 is
an emergency recovery mode with only the ARGOS transmitter running.

Power consumption will only be reduced by turning off a sensor, not by reducing sampling
frequency, and only during the last half of a glider deployment. It is important to maintain the full
suite of water property data as long as possible, as it will be very difficult for users to constantly
adjust their processing and visualization programs to multiple data sets that can change in mid-
transect. The CTD is both a science and an engineering sensor, and provides backup estimates
of pressure as well as density, which is important in terms of the glider buoyancy. The reduction
of successive sensors, according to remaining power, is described in the figure below.
Percentages are comparedto i adse p | osprated)yy and a refined power budget for coastal
gliders will be available in the future.
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