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Pacific North West Coastal Observatory System Requirements

Mission Statement:
	
	CSO - PNW Mission:
	
	The goal of the CSO - PNW is to provide an interactive, distributed and integrated observatory network to enable next generation studies of complex, interlinked physical, chemical, biological, and geological processes operating throughout the Pacific North West.

	
	
	

	
	
	
	The Coastal Scale Observatory (CSO) consists of long-term arrays spanning continental shelves, augmented with relocatable

	
	
	
	instrument arrays, to provide critical measurements to understand along- and cross-shelf transport and transformation

	
	
	
	processes, to quantify the importance of episodic events in structuring shelf ecosystems, to improve the accuracy of coastal 

	
	
	
	forecast models, and to assess the impact of anthropogenic inputs to and through the coastal zone. SUR2.1_2.3.1

	
	
	
	
	

	
	
	
	Coastal Observatories will gather data from instruments on moorings using acoustic repeaters, satellite links, or seafloor cables. 

	
	
	
	The observatories will be supplemented by land, aircraft, and satellite-based remote sensing (e.g., high frequency radar and

	
	
	
	hyperspectral sensors) and measurements from mobile platforms such as ships, gliders, and autonomous underwater vehicles.

	
	
	
	SUR2.1_2.3.1


Science mission: 

The coastal margin of the Northeast Pacific (NEP) ocean is unique in that it is strongly influenced by local wind and buoyancy driving, interannual variability originating in the tropical Pacific, and variations in large-scale North Pacific circulation. The physical setting within the Pacific Northwest region offers contrasts for comparative studies, for example narrow versus wide continental shelves, smooth versus highly-variable coastline and bottom bathymetry, and various degrees of freshwater forcing. There exists sufficient data to help site observatory assets and, in a few places, there are historical records of ecosystem response to long-period climate variability, a legacy upon which to base multidecadal ORION observations. We identify specific science objectives on: large-scale transport of water and biogeochemical properties; large-scale along-coast gradients in productivity and community structure; mesoscale ecosystem response in two contrasting coastal regions (central Oregon with its strong, flow-topography interaction and central Washington with its strong river-influenced dynamics); hypoxia; harmful algal blooms; carbon dynamics and cross-margin flux; and tidally generated internal solitary waves.


We propose a multi-scale ocean observatory constructed upon the various elements of the ORION infrastructure to include a cabled, cross-margin Endurance Line along the historic Newport, Oregon, hydrographic line (44.65N) and a second Endurance Line off central Washington (46.5N) within the region of influence of two major freshwater sources (Columbia River; outflow from the Strait of Juan de Fuca). To allow detailed examination of fluxes and rates of physical, biological and chemical processes, we propose two Pioneer Arrays, one over the central Oregon shelf to address coastal ecosystem response to wind-driven upwelling and downwelling modulated by flow-topography interaction, and one off central Washington to detail the dynamics of river-influenced shelf ecosystem response. The Endurance and Pioneer Arrays will include vertical profiling systems capable of making multi-parameter measurements over the entire water column. An acoustic tomography array off the NEP continental margin, including the bifurcation region, is proposed to constrain the large-scale velocity and temperature fields. We propose to use autonomous underwater vehicle gliders on a set of lines encompassing the NEP continental margin to obtain long-term, repeated measurements of upper-ocean volume transport and water property flux. Land-based, high-frequency radar backscatter will be used to provide continuous mapping of surface circulation.


We also propose an advanced sensor development activity (CO2 sensors; automated plankton detection; genome-based sensors) and modeling to optimally 
design the observing array and to deliver accurate four-dimensional physical and biogeochemical ocean fields using data-assimilation techniques.

Science Requirements:

The observatory elements needed for the study of water column processes can be collocated with elements needed for an observatory to study gas hydrate 
dynamics and for observation of sub-seafloor seismic activity associated with the Pacific Northwest subduction zone and address these long term themes:



i. Large time and space scale transport of water, nutrients and plankton




ii. Regional ecosystem variability




iii. Cross margin fluxes.


A multi-faceted approach will be used to obtain the necessary in-situ measurements of the control volume encompassing the northeast Pacific continental 
margin. Within the control volume in deep water, acoustic tomography will be used to measure the low-wavenumber synoptic flow and temperature fields.


Important science questions this system must address include:
CND: 


1. How do coastal ecosystems respond to climate variability?


2. What role does coastal ocean play in the global biogeochemical cycles that control climate variability?


3. How do human activities impact the coastal ocean?


4. What processes determine community structure in coastal ecosystems?


5 How can we predict and mitigate coastal hazards coastal hazards that impact human populations?
RFA_PNW: 

1.  What is the spatial and temporal variability of the meridional transport of physical and biogeochemical properties (from the 
2–20-day weather band to 
interannual and interdecadal)?


2. What is the relationship between meridional transport and large-scale forcing by the wind and/or alongshore pressure 
gradients?


3. How do the depth of the nutricline and its concentration of macronutrients affect coastal primary productivity?


4. Is the California Undercurrent important for maintenance and/or spread of biological populations?


5. What influences the time variability of the bifurcation of the North Pacific Current and how does its variability affect 
ecosystem response in PNW waters?


6. Is phytoplankton community structure and productivity similar over the entire PNW?


7. How does phytoplankton community structure change with event, season, year, and decades? Why does it change?


8. How do bacteria, micro- and macrozooplankton biomass and community structure change over time/space? How are 
changes related to phytoplankton  
community structure?


9. Are water property changes caused by local variation in forcing, changes from along the coast, or imposed from offshore by 
basin-scale effects?


10. How does the flow field over a mesoscale bank depend on wind-forcing, flow strength, seasonality (i.e., flow direction) 
and ocean climate variability?


11. What are the consequences of this variability in forcing for the coastal ecosystem (e.g., productivity, community structure, 
development of hypoxia)?


12. What are the along- and cross-shelf fluxes of heat, salt and carbon created by flow interaction with a mesoscale bank 
region throughout the year?


13. How are cross-shelf property fluxes partitioned between the bottom boundary layer and the geostrophic interior?


14. How predictable are coastal circulation and ecosystem response on a mesoscale bank? What does this imply about 
observing system requirements for 
coastal forecasting?


15. How does a large point source of freshwater affect the dynamics of shelf circulation?


16. What is the role of time varying freshwater input in structuring the ecosystem?


17. How does the presence of a river plume affect cross-shelf transfer of plankton, local upwelling, grazing, HABs occurrence 
and nutrient supply?


18. What is the fate of freshwater delivered to the PNW shelf on event to decadal time scales? To what extent does it impact 
the stratification and freshwater 
content of the greater ocean basins?


19. What is the alongshore and temporal variability of coastal hypoxia in the PNW?


20. What drives the invasion of anomalous Subarctic Water into the northern CCS?


21. What are the relative contributions of low-oxygen, nutrient-rich source water versus local respiration in driving shelf 
waters hypoxic in the northern CCS?


22. What wind conditions are optimal for retention of productive waters over Heceta Bank and subsequent intense 
phytoplankton blooms and hypoxia?


23. Are HABs increasing in time over the open shelf, or is it simply that transport to shore (where we see its impacts) is 
increasing?


24. Are HABs tied to specific geographic sites and if so, why?


25. What aspects of ecosystem variability lead to onset of HABs?


26. Is the coastal margin of the NEP ocean a net sink or source of atmospheric CO2?


27. Within the PNW, how does carbon export vary with shelf width, river influences, nutrient supply and shelf break 
topography?


28. How does carbon export to the sediments change over time?


29. What are the carbon export mechanisms from the shelf to the deep sea and how do they change over time?


30. What are the background and tidal conditions that lead to the generation of internal bores and nonlinear internal wave 
packets?


31. How do these features evolve as they propagate across the shelf?


32. What is their contribution to cross-shelf transport, sediment resuspension and mixing?

33. Flow interaction with Hydrate Ridge methane sources and links to biogeochemical studies? 
System Concept: 


The observatory will combine east-west, cross-margin Endurance Lines, focused Pioneer Arrays, surface velocity mapping from land-based HF radar arrays, an 
acoustic tomography array, far-field information from deep-sea buoys spanning the subtropical-subpolar boundary, and water property and flux information 
from autonomous underwater vehicle gliders. 
System Block Diagrams. [image: image1.jpg]




2. Proposed Sites.

	Site Name
	Position
	Water depth (m)
	Start Date
	Deploy (months)
	Revisits during deployment
	Site-specific Comments

	Newport Oregon

Central Washington

Pioneer Oregon

Pioneer Washington
	44.65N,  coast-126W

47.0N,    coast -125W

44N, 124.5W

46.5, 124.5W
	25-3000m

"

"

"
	1 Oct '06

1 Oct '07

1 Mar '07

1 Mar '10
	120 +

120 +

36

36
	2x per yr

2x per yr

4x per yr

4x per yr
	start ASAP

phase in after Newport line

start in first year

start after Pioneer OR


3. General Requirements.

	Requirement ID
	System Design Requirement
	References
	Notes

	G
	General Requirements 
	 
	 

	 
	 
	 
	 

	G1
	Continuous observations 
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G1.1
	    Time scales of seconds to decades
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G2
	Spatial measurements
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G2.1
	    Scales of millimeters to thousands of kilometers
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G3
	Sustained operations
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G3.1
	    During Storms
	SUR2.1_1.1
	 

	G3.2
	    Extreme Conditions
	SUR2.1_1.1
	 

	G3.3
	    System Load Leveling
	SUR2.1_2.1.4
	Support of CI requirement 

	 
	 
	 
	 

	G4
	Access to data as appropriate
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G4.1
	    Real time access
	SUR2.1_1.1
	 

	G4.2
	    Near real time access
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G5
	Two-way transmission
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G5.1
	    Data transmission
	SUR2.1_1.1
	 

	G5.2
	    Diagnostics transmission
	SUR2.1_1.1
	 

	G5.3
	    Remote instrument control transmission
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G6.
	Event detection mechanisms
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G6.1
	    Trigger alerts to scientists
	SUR2.1_1.1
	 

	G6.2
	    Enable adaptive Sampling
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G7
	Power
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G7.1
	    Delivery 
	SUR2.1_1.1
	 

	G7.1.1
	        Distributed sensors
	SUR2.1_1.1
	 

	G7.1.2
	        Surface 
	SUR2.1_1.1
	 

	G7.1.3
	        Midwater
	SUR2.1_1.1
	 

	G7.1.4
	        Benthic
	SUR2.1_1.1
	 

	G7.1.5
	        Subbottom
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G8
	Standard sensor interface protocols
	SUR2.1_1.1
	This seems contrary to CI directives

	 
	narrative:
	 
	 

	G9
	Access to satisfactory vehicles for the PNW observatory
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G9.1
	    Deployment vehicles
	SUR2.1_1.1
	 

	G9.2
	    Maintenance vehicles
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G10
	Observatory facilities 
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G10.1
	    Instrument maintenance
	SUR2.1_1.1
	 

	G10.2
	    Instrument calibration
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G11
	Data management system
	SUR2.1_1.1
	 

	 
	narrative:
	 
	 

	G11.1
	    Data security 
	SUR2.1_1.1
	 

	G11.2
	    Data publically available
	SUR2.1_1.1
	 

	 
	 
	 
	 

	G1.12
	Sustainable operational life
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G12.1
	    25 year 
	SUR2.1_1.3
	 

	G12.2
	    Appropriate component maintenance
	SUR2.1_1.3
	 

	G12.3
	    Appropriate component refurbishment
	SUR2.1_1.3
	 

	G12.4
	    Appropriate component replacement
	SUR2.1_1.3
	 

	 
	 
	 
	 

	G13
	Minimized life cycle cost
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G14
	Reconfigurability
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G14.1
	    Dynamically directed resources
	SUR2.1_1.3
	 

	 
	 
	 
	 

	G15
	Scalability
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G15.1
	    Expansion 
	SUR2.1_1.3
	 

	G15.2
	    Performance beyond current needs
	SUR2.1_1.3
	 

	G15.3
	    Progressive functionality
	 
	 

	 
	 
	 
	 

	G16
	Upgradability
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G16.1
	    Accommodate future technology
	SUR2.1_1.3
	?? 

	G16.2
	    Accommodate new science thrusts
	SUR2.1_1.3
	??

	G16.3
	    Accommodate future science problems
	SUR2.1_1.3
	??

	G16.4
	    Accommodate future science priorities 
	SUR2.1_1.3
	??

	 
	 
	 
	 

	G17
	Robustness
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G17.1
	    Fault tolerance  
	SUR2.1_1.3
	 

	G17.2
	    Data archival systems
	SUR2.1_1.3
	 

	G17.3
	    Data dsearch mechanisms
	SUR2.1_1.3
	 

	 
	 
	 
	 

	G18
	Reliability
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G18.1
	    Data delivery
	SUR2.1_1.3
	 

	G18.2
	    Fault monitoring 
	SUR2.1_15
	Support of CI requierment

	G18.3
	    Performance metrics 
	SUR2.1_15
	Support of CI requierment

	 
	 
	 
	 

	G19
	Common interfaces
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G19.1
	    Hardware
	SUR2.1_1.3
	 

	G19.2
	    Software 
	SUR2.1_1.3
	 

	G19.3
	    Observatory elements
	SUR2.1_1.3
	??

	 
	 
	 
	 

	G20
	Open standards / source
	SUR2.1_1.3
	 

	 
	narrative:
	 
	 

	G20.1
	    Hardware
	SUR2.1_1.3
	 

	G20.2
	    Software 
	SUR2.1_1.3
	 

	G20.3
	    Specifications
	SUR2.1_1.3
	 

	 
	 
	 
	 

	G21
	Detection of damage
	SUR2.1_2.1.4
	Support of CI requierment

	 
	narrative:
	 
	 

	G21.1
	    To infrastructure elements
	SUR2.1_2.1.4
	Support of CI requierment

	G21.2
	    Triggering corrective action
	SUR2.1_2.1.4
	Support of CI requierment


CSO-EXT-CABL: RCO Extension Cables 
	Requirement ID
	System Design Requirement
	References
	Notes

	CEC
	General RCO requirements
	
	

	CEC1
	RCO cable access for Oregon Endurance line
	RFA_PNW_3.1
	Enables power and comms for other PNW assets. Addresses Sci questions 1 - 33. 

	
	
	
	


MOOR: Moorings
	Requirement ID
	System Design Requirement
	References
	Notes

	M11
	Comprised of M11N1, M11N2, M11N3, M11N4, M11N5, RC?, REC4.
Located on the hydrographic line 44.65N at 25m depth

	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	M11N2 connects to M13N2 using REC3
REC4 interconnects M11N2 and M11N3
Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M12
	Comprised of M12N1, M12N2, M12N3, M12N4, M12N5, RC?
Located on the hydrographic line 44.65N at 50m depth

	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M13
	Comprised of M13N1, M13N2, M13N3, M13N4, M13N5, RC?, REC4
Located on the hydrographic line 44.65N at 80m depth

	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	M13N2 connects to M15N2 using REC2 and connects to M11N2 using REC3
REC4 interconnects M13N2 and M13N3
Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M14
	Comprised of M14N1, M14N2, M14N3, M14N4, M14N5, RC?
Located on the hydrographic line 44.65N at 150m depth

	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M15
	Comprised of M15N1, M15N2, M15N3, M15N4, M15N5, RC?, REC4
Located on the hydrographic line 44.65N at 500m depth

	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	M15N2 connects to CEC1 using REC1 and connects to M13N2 using REC2

REC4 interconnects M15N2 and M15N3
Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M21
	Comprised of M21N1, M21N2, M21N3, M21N4, M21N5, RC?, REC4
Located on the hydrographic line 46.5 N at 25m depth
	RFA_PNW_Section 3.1, 

CND_2.0_Section 4.2
	REC4 interconnects M21N2 and M21N3
Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M22
	Comprised of M22N1, M22N2, M22N3, M22N4, M22N5, RC?
Located on the hydrographic line 46.5 N at 50m depth
	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M23
	Comprised of M23N1, M23N2, M23N3, M23N4, M23N5, RC?, REC4
Located on the hydrographic line 46.5 N at 80m depth
	RFA_PNW_Section 3.1,
CND_2.0_Section 4.2
	REC4 interconnects M23N2 and M23N3
Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M24
	Comprised of M24N1, M24N2, M24N3, M24N4, M24N5, RC?
Located on the hydrographic line 46.5 N at 150m depth
	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	Locations are West from the US PNW Coastline and on the isobath at the stated depth

	M25
	Comprised of M15N1, M15N2, M25N3, M25N4, M25N5, RC?,REC4
Located on the hydrographic line 46.5 N at 500m depth
	RFA_PNW_Section 3.1, CND_2.0_Section 4.2

	REC4 interconnects M25N2 and M25N3
Locations are West from the US PNW Coastline and on the isobath at the stated depth

	
	
	
	

	
	
	
	


M: Mooring sub-system  N: Benthic Node 
	Requirement ID
	System Design Requirement
	References
	Notes

	M11N1
	
	
	

	M11N2
	
	
	

	M11N3
	
	
	

	M11N4
	VP1
	RFA_PNW_Section 3.1,
	

	M11N5
	
	
	

	M12N1
	
	
	

	M12N2
	
	
	

	M12N3
	VP1
	RFA_PNW_Section 3.1,
	

	M13N1
	
	
	

	M13N2
	
	
	

	M13N3
	
	
	

	M13N4
	VP1
	RFA_PNW_Section 3.1,
	

	M13N5
	
	
	

	M14N1
	
	
	

	M14N2
	
	
	

	M14N3
	VP1
	RFA_PNW_Section 3.1,
	

	M15N1
	
	
	

	M15N2
	
	
	

	M15N3
	
	
	

	M15N4
	VP1
	RFA_PNW_Section 3.1,
	

	M15N5
	
	
	

	M21N1
	
	
	

	M21N2
	
	
	

	M21N3
	
	
	

	M21N4
	VP1
	RFA_PNW_Section 3.1,
	

	M21N5
	
	
	

	M22N1
	
	
	

	M22N2
	
	
	

	M22N3
	VP1
	RFA_PNW_Section 3.1,
	

	M23N1
	
	
	

	M23N2
	
	
	

	M23N3
	
	
	

	M23N4
	VP1
	RFA_PNW_Section 3.1,
	

	M23N5
	
	
	

	M24N1
	
	
	

	M24N2
	
	
	

	M24N3
	VP1
	RFA_PNW_Section 3.1,
	

	M25N1
	
	
	

	M25N2
	
	
	

	M25N3
	
	
	

	M25N4
	VP1
	RFA_PNW_Section 3.1,
	

	M25N5
	
	
	


RC: EOM mooring line (riser cable).

	Requirement ID
	System Design Requirement
	References
	Notes

	RC1
	
	
	

	RC2
	
	
	

	RC3
	
	
	

	RC4
	
	
	

	
	
	
	


SE: Surface Expression.

	Requirement ID
	System Design Requirement
	References
	Notes

	SE 1
	
	
	

	SE 2
	
	
	

	SE 3
	
	
	

	SE 4
	
	
	

	
	
	
	


VP: Vertical Profiler.

	Requirement ID
	System Design Requirement
	References
	Notes

	VP1
	multi-parameter vertical profiling system
	RFA_PNW_Section 3.1,
	

	VP1.1
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	VP2
	
	
	

	
	
	
	


ANCH: Anchor assembly.

	Requirement ID
	System Design Requirement
	References
	Notes

	ANCH1
	
	
	

	ANCH2
	
	
	

	
	
	
	


P: Power sub-system.

	Requirement ID
	System Design Requirement
	References
	Notes

	P1
	
	
	

	P2
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


COM: Communications sub-system.

	Requirement ID
	System Design Requirement
	References
	Notes

	COM1
	
	
	

	COM2
	
	
	

	COM3
	
	
	

	COM4
	
	
	

	
	
	
	


T: Timing sub-system.

	Requirement ID
	System Design Requirement
	References
	Notes

	T1
	
	
	

	T2
	
	
	

	T3
	
	
	

	T4
	
	
	

	
	
	
	


BN: Benthic node subsystem.

	Requirement ID
	System Design Requirement
	References
	Notes

	BN1
	
	
	

	BN2
	
	
	

	BN3
	
	
	

	BN4
	
	
	

	
	
	
	


II: Instrument interface.

	Requirement ID
	System Design Requirement
	References
	Notes

	II1
	ADCP instrumentation interface for Endurance line
	RFA_PNW_3.1
	Support for Sci Ques: 4,5,9,10, etc. 

	II1.1
	ADCP instrument interface operational depths from 25 to 3000 meters 


	RFA_PNW_3.1
	

	II2
	Full water column mooring interfacing for Endurance line
	RFA_PNW_3.1
	Support for Sci Ques: 1,2,3,6,7,8, etc.

	II3
	
	
	

	II4
	
	
	

	
	
	
	


REC: ROV laid extension cables.

	Requirement ID
	System Design Requirement
	References
	Notes

	REC1
	Must conduct power and communication from the RCO node to the Oregon Endurance Array moorings
	RFA_PNW_Section 3.1,
	Cable between RCO node and M15N2

	REC1.1 
	
	
	

	REC2
	Must extend the power and communications from an Endurance Array Benthic Instrument Node to another Endurance Array Benthic Instrument Node
	RFA_PNW_Section 3.1,
	Cable between M15N2 and M13N2

	REC3
	Must extend the power and communications from an Endurance Array Benthic Instrument Node to another Endurance Array Benthic Instrument Node
	RFA_PNW_Section 3.1,
	Cable between M13N2 and M11N2, possible duplicate of REC2 (need to determine length - TBD) 

	REC4
	Interconnection cable between Benthic Nodes to complete moorings as configured 
	Systems design of surface moorings interconnected to a sub-surface mooring for profiling
	Typical configuration on M11, M13, M15, M21, M23, and M25

	
	
	
	


SSHS: Shore Side Hardware Systems.

	Requirement ID
	System Design Requirement
	References
	Notes

	SSHS1
	
	
	

	SSHS 2
	
	
	

	SSHS 3
	
	
	

	SSHS 4
	
	
	

	
	
	
	


DSS: Deployed Software Systems.

	Requirement ID
	System Design Requirement
	References
	Notes

	DSS 1
	
	
	

	DSS 2
	
	
	

	DSS 3
	
	
	

	DSS 4
	
	
	

	
	
	
	


SSSS: Shore Side Software System

	Requirement ID
	System Design Requirement
	References
	Notes

	SSSS 1
	
	
	

	SSSS 2
	
	
	

	SSSS 3
	
	
	

	SSSS 4
	
	
	

	
	
	
	


Document Outline Structure: 

	Section Numbers
	
	

	 
	
	

	 General Systems Requirements
	General narrative description of system

	 
	
	

	 General System level Requirement
	

	 
	
	

	 Sub-System Requirements
	

	 
	
	

	 
	Section 2 Letters
	

	 
	 
	

	SE
	 Surface expression
	

	 
	 
	

	MOOR
	 Mooring line (non EOM), hardware, acoustic release

	 
	 
	

	RC
	 Riser cable for power and comms - surface to anchor
	

	 
	 
	

	ANCH
	 Anchor assembly
	

	 
	 
	

	P
	 Power sub-system
	

	 
	 
	

	COM
	 Communication sub-system
	

	 
	 
	

	T
	 Timing sub-system
	

	 
	 
	

	II
	 Instrument /sensor interface
	

	 
	 
	

	BN
	 Benthic node
	

	 
	 
	

	ROV-CABL
	 ROV laid cables

	 
	 
	

	RCO-EXT-CABL
	RCO extension cables
	

	 
	 
	

	SSHS
	 Shore side hardware systems 
	

	 
	 
	

	VP
	Vertical Profiler (may be more than one system at the end of the day)

	 
	 
	

	GL
	Glider
	

	 
	 
	

	AUV
	AUV
	

	 
	 
	

	AUVD
	AUV dock
	

	 
	 
	

	SSDM
	Software system data and stream management and archive
	

	 
	 
	

	SSUF
	Software system user functions (what the user can do from his/her computer)

	 
	 
	

	SSOPS
	Software system facility operations (what the operator can do from his/her computer)
	

	 
	 
	

	SSINF
	Software system infrastructure (high level capabilities needed in the infrastructure)
	

	 
	
	

	 
	
	

	 Specific Requirements
	

	 
	
	

	 
	Section 3 Letters
	Conforms to the specific deployed systems and

	 
	 
	conforms to the systems level block diagrams

	IL
	 Installation locations
	Should also reference section 2 reqs when

	 
	 
	appropriate

	M1N1
	 First node on mooring 1
	

	 
	 
	

	M1N2
	 Second node on mooring 1
	

	 
	 
	

	M1N3
	 Third node on mooring 1
	

	 
	 
	

	M2N1
	 First node on mooring 2
	

	 
	 
	

	 
	…etc
	

	 
	 
	

	M1C1
	 Cable segment 1 on mooring 1
	

	 
	 
	

	M2C2
	 Cable segment 2 on mooring 2
	

	 
	 
	

	 
	…etc
	

	 
	
	

	 Assumptions and Interfaces 
	

	 
	
	


Working Notes:

	SUR2.1_Pg
	Science User Requirements Compendium for the OOI  version 2.1  Aug 3, 2006

	
	

	
	the geographical location section can include the local environmental conditions in the deployment locations (depth, currents, water temp, sediment loading, soil bearing properties, significant wave height, solar loading, rain, ice, wind, concurrent loading, etc).  We can then decide at a later date whether everything is designed to the single most stringent requirements (eg, all housings are designed for deepest location, which is most likely to be the case), or whether it is more cost effective to design for specific locations. 

	
	

	
	We can include other general environmental requirements in the section "G: General System Level Requirement" as you mention, to cover requirements for shock, vibration (for transportation) max temp (as seen on a deck of a vessel in direct sunlight), min temp, humidity etc


TBD: Items
PNW-RFA 3.0      propose an advanced sensor development activity and a modeling effort, the latter to optimally design  


       the observing array and to deliver accurate four-dimensional ocean fields using data-assimilation 



       techniques

BARTH Proposal Requirements: 

RFA_PNW_Section 3.1 

east-west, cross-margin Endurance Lines,
east-west, focused Pioneer Arrays,
surface velocity mapping from land-based HF radar arrays,
acoustic tomography array,
far-field information from deep-sea buoys spanning the subtropical-subpolar

boundary,
water property and flux information from autonomous underwater vehicle gliders
optimally design the observing array to deliver accurate four-dimensional ocean

fields
Two cross-margin Endurance Lines are proposed:

Endurance line will consist of multi-parameter vertical profiling systems,

bottom-mounted ADCPs


full water column moorings with surface buoys



profilers and nearby water-column moorings be located at the 25, 50, 80, 150, 500, 1500 and 3000-m isobaths.


facilitate meteorological measurements


study of internal solitons

telemetry of subsurface data to shore
propose that the Oregon Endurance Line be cabled either as part of the regional cabled observatory (RCO) or as an extension up onto the continental margin from the RCO backbone

central WA line could be cabled if a convenient connection to the regional cabled observatory exists, but

would most likely consist of autonomous moorings telemetering data to shore
The WA line is deliberately sited within the region of influence oftwo freshwater plumes, one from the Columbia River, the other from the Strait of JdF.

3.1 dependencies: 


     together with lines across the continental margin both north (proposed here for along 46.5N and as occupied by

                NEPTUNE Canada along ~48.5N)

 
     south (proposed for Crescent City 41.9N and Monterey Bay 36N in a RFA response for US West Coast research) will allow    
     the study of alongshore transport and wave propagation along the entire US west coast.
RFA_PNW_Section 3.2 

Pioneer arrays: allow measurements year-round with the capability to make time-series measurements of bio-optical, chemical and bio-acoustic properties on similar time and space scales as we currently can do for physical properties
support emerging CO2 detection and DNA probe technologies,
Oregon Pioneer Array will encompass Heceta Bank, adding three cross-margin mooring lines to the Newport Endurance Line to extend the along-shelf coverage to over 125 km
Each Pioneer Array mooring line (43.5, 43.825, 44.25N) will consist of 6 vertical profiling moorings,


subset of which is two on the shelf and one off

will have nearby full-water column moorings with surface buoys

Moorings will be placed at the same isobaths as on the Newport Endurance Line

The array extends well seaward of the continental shelf break (200 m)

For mooring locations in water depths greater than 200 m,


hybrid profiling system consisting of a fixed mooring line with traveling profiler from the sea floor up to within 200 m 


together with a winched profiling system from 200 m up to the sea surface
surface current measurements will be aided by the use of a standard-range land-based HF radar array
second Pioneer Array (Fig. 19) in a region of smooth shelf topography along the southern Washington coast anchored by the Endurance Line at 46.5N.

The array is defined by 9 mooring locations.

each of these will support a full suite of hydrographic, chemical, and optical on upper-ocean profilers
3 Pioneer Process Moorings:


Support >5 um phytoplankton and microzooplankton imaging cytometers (FlowCAMs)

take high resolution video images in order to optically characterize the patchiness of resources (mostly phytoplankton)

Each of the three Pioneer Process Moorings will have a nearby secondary mooring, consisting of a surface buoy and a fixed 
line,

The three fixed lines will be instrumented with SEACATS and ADV’s at 1, 3, 5, 10, and 20 m depths


Section 3.2 dependencies 

The line at 44.25N is chosen to occupy the high-chlorophyll and potentially hypoxic region on Heceta Bank and will 
coordinate with the measurements taken at 15 m and on the rocky intertidal by the PISCO program

Advanced Sensor Development, FlowCAMS
RFA_PNW_Section 3.3

Profiling Mooring Requirements 

 use profiling moorings as part of both the Endurance Lines and Pioneer Arrays.
Using just one sensor suite package as opposed to multiple copies in the vertical of expensive instruments
“hide” on the ocean floor to help minimize bio-fouling
Observations are concentrated in water depths of 200 m or less requires an upper-ocean profiler.
profile over greater depths over the continental slope and adjacent deep ocean. For this purpose, we require a deep-ocean profiler

operating on a fixed mooring line

full-ocean depth (~3000 m)

to within 200 m of the surface

from 200 m to surface a stable platform will be provided for mounting other sensor packages, like an upper-ocean profiler

deep-ocean profiler to be attached to a cabled observatory node


profiler docking station with an inductive coupler will transfer power from the cabled node to a McLane moored 


profiler (MMP).


permit near-continuous profiling (>95 % duty cycle)


at 0.25 m s-1.


Inductive communications will be used to offload profiler data



modest rates in real-time;

enable true adaptive sampling capability.

sensors on the profiler and dual sensors at fixed points top and bottom on the mooring

cross-calibration

subsurface float has a secondary junction box

provision for ROV servicing of arbitrary instrument packages


example: acoustic instrumentation (e.g., ADCP)
The upper-ocean profiler will consist of:

completely self-contained, modularly-integrated sensor instrument controller, winch, power and telemetry system

a biofouling-resistant and hydrodynamic profiling platform

sensors to sample properties over the entire water column


physical (pressure, temperature, salinity,velocity)



biological (chlorophyll fluorescence; multifrequency acoustics, e.g., Tracor Acoustic Profiling System - TAPS)


chemical (dissolved oxygen; nitrate concentrations, e.g. Satlantic ISUS)


optical (spectral downwelling irradiance, beam attenuation, backscattering)


6-month duration when operated autonomously

operational in water depths up to 200 m;

a minimum of 8 profiles per day


vertical resolution of less than 0.25 m.

built-in telemetry will allow for near real-time transmission (via radio, cell phone or Iridium phone)


data to shoreside computers


remote programming/control of system operations.

When connected to a seafloor cable



data transmission and power will be supplied from the seafloor junction box.

estimated power budget for the upper-ocean profiling system


assumes a 180-day deployment


profiling 8 times/day in a 200-m water column


0.5-1 m/s


Profiler traveling about 800 km


~40W at 12VDC


the winch is ~70W at 48VDC.


total power requirement with some room and to allow for voltage step down would be about 150W.


the 12V sensor power system requires 380 Amp-hours for a 180-d deployment


the 48V winch power system requires 255 Amp-hours.


carry in-situ point sensors through the mixed layer

secondary junction box is also at the base of the mooring for additional sensors,

serviced with an ROV.

secondary junction boxes will provide nominally several hundred watts and 100 Mb/s Ethernet.
Near-bottom instrumentation

upward-looking acoustic Doppler current profiler (ADCP)


sensors to measure near-bottom 



pressure 



temperature 



conductivity 



chlorophyll 



dissolved oxygen 



suspended particle load
Bottom-boundary layer (BBL) measurements should be made on a stable platform

connected to a seafloor cable or powered autonomously

data communicated to the upper-ocean profiler (acoustically and/or inductively)

telemetry to shore.
a mooring with a large surface buoy will be required at several cross-shelf locations

mooring line will contain T and C sensors


sampling at 1-min intervals


at various depths,


concentrated in the upper ocean,

will contain a downward looking 1200-kHz ADCP

meteorological package



wind velocity



atmospheric pressure


air temperature



humidity


solar radiation


infrared radiation

mooring provides a stable platform for collecting (via acoustic and/or radio) data from nearby vertical profilers
mooring provides a stable platform for telemetering all data to shore
in the cabled portion of the regional observatory,

modifications will be developed over the next ~5 year

support high-rate inductive communications at every dock

increased speed to ≥ 0.4 m s-1

increased payload capacity.
RFA_PNW_Section 3.4 
Tomography

implement an acoustic tomography in-situ remote sensing array

beyond the shelf several hundred kilometers,

including the bifurcation region,

Tomography transceivers will be placed on moorings connected to RCO nodes in deep water,

sites are those recommended in the RECONN report

moorings will support full water column profiling capability

number of instruments N


10 transceivers,


100 W per transceiver 


Mb/s comms 



Precision time 1 us
 
3.4 dependencies:


as proposed in the RFA response by Daly et al.


Achievable now with the multi-node RCO infrastructure.


The RCO directly enables this observing capability by providing adequate 




power (~100 W during atransmission)



communications (Mb/s),



precise timing (1 μs).
RFA_PNW_Section 3.5 

Gliders 

occupy a set of east-west and north-south lines forming a control volume encompassing the northeast Pacific continental margin
with autonomous underwater vehicle gliders

obtain long-term, repeated measurements of upper-ocean volume
Glider lines

extend offshore along our two proposed Endurance Lines


at 44.6


at 46.5N


out to at least 130W, the edge of the proposed regional cabled observatory on the JdF plate

from the coast out to 130W along Line P, the historic hydrographic line between southern Vancouver Island and Station Papa 
(50N, 145W) 


along 41.9N,

lines are each 400-500 km long
 

transited in 16-30 days


speeds of 15-25 km/d.

N-S line along 130W
must be capable of operating for at least 3 months (but 6 months would be desirable)
sampling to at least 1000 m depth

carrying the following sensors:

temperature 


conductivity 


pressure 


chlorophyll fluorescence 


dissolved organic matter fluorescence 


light backscatter 


dissolved oxygen


a hydrophone
RFA_PNW_Section 3.6 
HF radar 

Surface current mapping with HF backscatter
continuous time-series mapping

of the varying surface circulation

over a range of spatial scales,

in near-real time,

land-based systems.

Surface current maps will be produced hourly


velocity accurate to 0.1 m s-1.

operating at 4-5 MHz,

spaced alongshore at about 100 km separation,

measure currents from the shelf to O(160km) offshore

horizontal resolution of O(5-10km)
Augmenting the long-range array, an embedded sub-array of standard-range HFs (2-km

resolution, 40-km range) will be used to provide higher spatial resolution
A new moveable array of three new standard-range HFs will be required for the central Washington shelf study site

3.6 dependencies 


six coastal sites and spanning more than 500 km alongshore and offshore to the end of the Newport Hydrographic Line,


An existing, long-term array (presently three elements) observes the northern part of the flow/topography interaction 


over Heceta Bank
RFA_PNW_Section 3.7 

Advanced Sensor Development / Platform Integration 

CO2 Sensing


propose to integrate the colorimetric system marketed by Sunburst Sensors LLC

on our proposed Endurance Line moorings.

1 ppm resolution in pCO2,

operate up to 1500 m

8-12 measurements per day

deployments of slightly greater than 1 year

deploy surface and near-bottom sensors at three locations


near-shore



mid-shelf



shelf-break



on each of the two Endurance Lines.

develop new CO2 sensors,


gas-liquid separation


using microporous hydrophobic membrane material.


will enclose small sensor elements for



temperature




humidity




pressure 




CO2


Data and power 




transmitted via a cable 




beachball-sized float that will house





batteries





data acquisition 





storage hardware





real-time telemetry capabilities


deployable from small coastal research vessels and moored in shallow water.


cost per system will ultimately be about $5K.



CO2 sensing technology exploration




infra-red based systems



gas-chromatographic based systems
Automated species detection 


FlowCAM (Fluid Imaging Technologies, Edgecomb, ME)

detecting cells down to 1 μm, most suitable for >5 μm cells

integrate a submersible version into the upper-ocean profiling mooring sensor package

three cross-shelf locations in our proposed Oregon and Washington Endurance Lines.
Genome-based Biological Sensors

integration of these genome-based sensors in our observatory infrastructure at the earliest possible date.

3.7 dependencies



Central to the success of this technology is the development of very small-scale CO2 sensing technology.
RFA_PNW_Section 3.8 

Modeling 

!! observing system, observing system simulation experiments (OSSEs) will be required to design this observing array
A dedicated and comprehensive multi-scale eastern North Pacific modeling program

extends these existing modeling efforts

enables their successful integration with observatory system measurements

essential element of the proposed observing system science program.

will include a range of forward and data-assimilating nested oceanic models


forced with meteorological observations


forced with data-assimilating atmospheric model products

On the
basin and regional scales, satellite SSH and SST will be assimilated

Shelf circulation models will additionally assimilate


HF radar data



mooring data



hydrographic survey data.
To obtain optimal and dynamically balanced solutions


error estimates will be used


advanced data assimilation methods will be used
Forward model integrations and data comparisons will be used formulate and explore hypotheses regarding

circulation dynamics


ecosystem coupling
observing system science programs must include dedicated modeling components

will take into account the attributes of the different


sensing modalities


time/space sampling 


expected signal and noise levels for the phenomena of interest
optimization of the proposed tomography array will include acoustic simulations

should be an important, early effort in ORION activities

Section 3.8 dependencies



physical circulation models of the North Pacific (Curchitser et al. 2005) 



the CCS (Marchesiello et al., 2003, Shulman et al. 2004)


the Oregon and North California shelf (Pullen and Allen, 2000, 2001, Gan and Allen 2002a,




2002b, Oke et al., 2002b, 2002c, Kuebel Cervantes and Allen 2005) 



estuaries (Baptista et al., 2005)
 



coupled physical-biological models of the Oregon coastal zone (Spitz et al., 2003, 2005) 



Individually Based Models (IBMs) for zooplankton dynamics (Batchelder et al., 2002b).
RFA_PNW_Section 4.0
the central Washington Pioneer array should be installed after the end of the 3-yr Oregon Pioneer array experiment.
RFA_PNW_Section 5.0 

Data management 

intended for use by all ocean scientists and educators.
data will be openly available through the ORION Data Management and Archiving System (DMAS)

Our responsibility will be to provide expertise for insuring the highest quality data. 

We must provide (and thoroughly test) the quality control algorithms we give to the ORION DMAS to run operationally
ocean scientists as part of operations and maintenance






































































































































































































