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Engineering Location Considerations:

Logistics:  Ventana can reliable work at 1200 m in typical currents & weather in Monterey Bay.  The deepest use of Ventana was in slightly more than 1800m of water, and that was only possibly because conditions were VERY calm and currents non-existent.  Short transit from Moss Landing is also very attractive.

Available Cable:  We presently own slightly less than 73 km of cable.  The site should be located within a 3D along bottom distance of approximately 63 km.  This allows for cable slack as required by bathymetry and plowing needs, spur cable(s) and a tail cable. 

Protection:  Needs to be deeper than 1000 m to avoid trawling, or in a no trawling zone. Should be located away from known areas with significant bottom trawling or bottom set longlining (legal or illegal).  Should be located in an area 1 km or more from natural hazards e.g., volcanoes, known fishing hot spots, active faults”.

Engineering Functional Requirements:  Needs to be in “deep” water to simulate actual conditions at deep water cabled observatories.  We are interpreting this to mean depths greater than approximately 1000 meters.

Science Location Considerations:

The following table is constructed from the information contained in Appendices, and some discussion.  

Experiment
Location Constraints
Complements/ Interference
Power/Data

Water column observations
Shallow water node (approximately 100m) attractive.  Under upwelling site (towards Davenport?) [Johnson, Scholin]

ESP big power user? / Small?

Hydrophone Array
Array located in water deeper than 700m with clear view of the Pacific Ocean, specifically Hoke Seamount and the ATOC site in Hawaii.

Either side of canyon okay. [Collins]
Needs to be in an acoustically quiet environment (e.g. not near noisy experiments)
> 0.5 W / Peak 0.5 Mb/s

IODP Borehole(s)
Constraints primarily created by need for seismic survey. [Paull]
Borehole used by many other experiments.
High power (possible use of heaters) / ?

Artificial Cold Seep
Depth of at least 400-500 m to be near established seep community [Barry]
IODP borehole user
Pump capable of 4 litres/day / Heavily instrumented – teleoperation?

Hydrologic Experiments
Depth?

Uniform and undisturbed sediment.  [Paull]
IODP borehole user (needs 2 boreholes!). 

Probably incompatible with Artificial Cold Seep experiment.
Pump

Benthic community energetics & dynamics
Any depth from continental shelf to 1000m. 

Ideally a long time series experiment, but deeper is better for shorter experiment. [Barry]
Greatly strengthened by Canyon Dynamics component to capture transport of relevant compounds.
?

CO2 perturbation experiment
Ideal would have both shallow (<300 m) and deep (>= 1000m) sites. 

Low currents attractive. [Barry]

Lots of power? / High bandwidth?

Seismometer
Northern side of Canyon to center of Smooth Ridge.

Flat sediment.

Two instruments with 3-5 km spacing. desired.  [Stakes]
Sensitive to acoustic and vibration disturbance.
Low or no power / high bandwidth.

Slope failure
Active slope.  Tubeworm Slump a candidate area. [Paull]



Canyon dynamics
Bottom of upper canyon, perhaps where Carmel Canyon and the San Gregorio Fault cross Monterey Canyon. [Paull]

? / moderate bandwidth

Appendix A:  Water Coumn Input  

Ken Johnson

Short of a node in shallow water (~100m) I'm not sure that the precise location will be critical for upper water column studies.  The satellite image of chlorophyll and SST shows the 1200 m location to be offshore of the Davenport jet, so we're not trying to get the main node underthat.  The offshort MARS structure is under a very complex series of jets/meanders and a surface expression will be in the middle of that.  I don't think the precise location will matter.  Or if it does, its going to take a lot of work to figure out where it out to be.
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Appendix B:  Hydrophone Array

Curt Collins

Location Constraints:

1200 m on the outer slope (vs. Canyon wall) will be a good starting point for us.  I think that we are flexible regarding latitude and longitude but need a clear view of the Pacific Ocean, specifically Hoke Seamount and the ATOC site in Hawaii.  I am not sure how much deeper and farther Bruce wants to go with an extension but I assume that plugging into a 1200 m node would be his starting point and it will be important for him to determine power availability and bandwidth at the 1200 m node. 

Bsed upon Marcia’s description at AGU, it looked like the outer slope for either the northern or southern route would be fine.  Best performance would be attained at the axis of the deep sound channel (about 600 m) but deeper will still work and avoid (?) trawling issues.

Technical Requirements:

Our thinking about bandwidth at the present time is as follows.  Our array has 16 elements and we would like to sample the array every 4th hour of every 4th day at 2 kHz.  We would also like to sample one element of the array at 1 kHz as much of the time as possible.  It might be possible to automate some activities, e.g. censusing blue whale calls, with software at the node.  I think that the power requirements that we sent you were something like 3 mA at 12 VDC.

# hydrophone elements :    16

Hydrophone type:        HTI-94-SSQ (High Tech, Inc.)

Hyd. preamp type:      Current mode

Hyd. sensitivity:          170 dB re 1V/uPa (nominal)

Max pressure:            10,000 psi

Frequency range:        10 Hz - 10kHz

Array length:               85m, 232m, or 472m (depending on which segment)

Supply Voltage:           12VDC (10-20V useful)

Current:                       ~3 mA typical

Each hydrophone contains a wire-pair in the array cable, with a ~3mA analog signal levels from the preamplifier.

1) How long is the array?
100-200 meters 

2) Is it vertical or horizontal?
 vertical
3) Can you tell us something about the general layout, e.g., are the hydrophones molded right onto the cable, are they connectorized, how big are they?
 The hydrophones are molded into the array.  The cable includes a strength member and is 2-3 cm in diameter.  The places where the hydrophone is molded into the array are about twice as thick.  Flotation will be placed at the top of the array.
4) Do you have a concept for deploying the array assuming we can get you an appropriate cable?
 We really don’t have a MARS installation concept.  One scenario would be two work with you when you install the cable nodes.  Another scenario would be to moor the array at an agreed upon position and to let you then plug the array into the node.
5) The data rate I am inferring from your comments is pretty small and could be handled as a continuous data stream to shore where you can decimate as desired.  Even if you transmitted all the data from all 16 phones sampled at 2 kHz with 16 bit samples, it is only 0.5 Mbit/second (if I did the arithmetic correctly).  This is roughly a single 100 Gbyte hard drive every 18 days and of course there are better solutions for mass storage.  So the question is, how would you store the data and where?   
 Will your node be able to handle analog signals?  Alternatively, we would include a computer and data storage capability with our array.  This would presumably increase our power consumption somewhat.  If this capability were included, it would be placed at either the bottom of the array or next to the MARS node.
6) Is there an intelligent controller on your array or will it just provide a data stream?
 There isn’t an intelligent controller now.  We would need to build this to your specifications if it is required.
7) The standard interface to NEPTUNE/MARS is currently baselined as 10/100BaseT Ethernet and power will be provided at 400 and 48 VDC.  Other options will be made available as requirements dictate.  Would you be able to deal with Ethernet and the DC/DC converter required to get 48 VDC to the 12 VDC you need?
 With advance notice, we can deal with these interfaces and voltages.  Our goal for the time being is to find out exactly what you will need.
8) The baseline design for NEPTUNE/MARS provides NTP time packets with something like 1-10 millisecond accuracy to be delivered over the Ethernet socket and an additional time signal which can be used to provide more accurate time with 1 microsecond as the design goal.  What is your timing requirement and can you see combining the two time signals we are talking about to help with any timing requirements you might have? 
 Your timing will meet our requirements.
9) How will the presence of local transient noise sources e.g., ROVs and AUVs affect your measurements?  What about things like 5 HP motors in the general vicinity (please don't ask me what their noise spectrum is, I haven't the faintest idea but I would guess it does have significant energy below 2 kHz)?
 Intermittent local noise as you describe for ROVs and AUVs isn’t a problem but we would like to avoid long term noise sources (e.g. a 5 hp motor running continuously).
10) Is the array omni-directional?  If we could guarantee an orientation during deployment  would you be interested?
 The hydrophones are omni-direction but the array is not.  Since it is a vertical array, orientation should not be an issue.
11) How would you localize the array elements and would you only do it once after installation?
 If localization is necessary, it would be done from shipboard using sound sources, e.g. light bulbs.
12)    Is array tracking required?  If so, how is it accomplished?
 Array tracking won’t be required for the initial array.   Subsequent arrays will extend higher in the water column and will need to include an array tracking capability.
 13)  Location revisited.  We need to interact with you on this issue.  We would prefer a shallower location (700 m) so that our array would reach the axis of the sound channel.  We appreciate that this will increase our exposure to fishing activity.
Appendix C:  Borehole/Artificial Cold Seep

Charlie Paull

1). I seem to have taken on the effort to get an IODP borehole to cable connection and this "train is rolling".  I suspect that the proposal that will go in to IODP sometime in the fall is likely to be for installing three different bore holes (or bore hole fields); a, b, and c.  I am personally most interested in 1a.

a.
Site a maybe to set-up an artificial seep.  At this site we will use the borehole as a well to supply a methane rich fluid that can be pumped out of the bottom and diffused onto the seafloor into something like a septic field. The cable will supply the power to run a small pump in the bottom of the hole. We will pump out small (perhaps ~4 liters a day), but known amounts of methane.  This will allow us to learn about the colonization process and development rates of CBC.  This site should be placed in an area where the concentrations of methane in the subsurface will support the experiment.  It will also be critical not to disturb the area.  It will also be important to know how far way the closest "natural" CBCs are.  { We may have to wrap the "flow lines" which carry the methane charge fluid from the bottom of the hole to surface with heaters, which will allow them to be "defrosted", thus preventing gas hydrate from clogging the lines. This might periodically require high power demand.}

b.
I expect that a strong interest in placing borehole seismometers will emerge.  While I can not confidently speak for the seismologists, I suspect the seismological community will want a site that is near, but not on the San Gregorio Fault.  They will also want to be away from other operations.  Seismometers are major bandwidth users.

c.
I suspect that there will be an effort to do a basic hydrologic experiment.  This may require placing two holes that are close together (~50 m) and doing hole to hole experiments for a year or two.  I suspect that these sites might remain as the reentry holes for subsequent borehole instrument tests.  These sites will need uniform and undisturbed sediments. 

While I am hoping to get some subsurface data before any final decisions are made, I suspect that the desire will be to get each of these separated by a kilometer or more.  I also think that these boreholes will be among the most controversial items to get permitted in the bay.

Artificial Seep and Gas Hydrate Experiments:


We are interested in using boreholes as a source of methane and other reduced chemical for controlled venting and gas hydrate growth experiments.  Small electric pumps placed within IODP boreholes from continental margin settings that contain dissolved methane and powered by seafloor cables can provide a continuous supply of dissolved methane to the seafloor. The dissolved methane is the raw material for conducting a host of previously impossible biological, geological, and operational experiments. 

Background

Much of what we know about seafloor hydrology has been learned because seafloor vent sites are associated with chemosynthetic biologic communities and authigenic mineralization. These biological communities have attracted considerable attention because they are not directly dependent on photosynthetic primary production, and thus have unusual environmental adaptations, dispersal pathways and survival adaptations. Sites of seafloor fluid venting are primarily detected by the presence of the communities and their associated authigenic processes and most of what we know about the distribution of seafloor fluid venting sites comes from the distribution of these seepage indicators.  However, the rate of both the biologic and authigenic processes is totally unconstrained. Controlled venting experiments will allow the process and rates at which a natural seeps are colonized, the succession that occurs within these communities, the efficiency of the diagenetic processes at these sites to be observed and quantified. 

Currently there is appreciable interest in marine gas hydrates.  This research focus has developed because gas hydrates are inferred to: play roles in continental margin slope stability, venting in concert with global climate changes, constitute a hazard to the existing hydrocarbon infrastructure, and offer potential as a future energy resource. To evaluate how realistic these scenarios are depends, in part, on understanding the dynamics of gas hydrate formation and decomposition within sediment and under realistic conditions.  These wells will provide a feedstock that will allow gas hydrates to be intentionally grown and perturbed under controlled conditions in a variety of experimental apparatuses while their properties are being monitored. 

Both ODP’s efforts at instrumenting boreholes within continental margin settings and the appreciable experience with industrial pipelines has shown the gas hydrate growth will occur within the seafloor infrastructure given the right conditions. The consequence of gas hydrate growth is that the hole may become clogged which effectively inhibits or prevents continued use of the hole. The ODP community also needs to develop ways of either inhibiting or controlling gas hydrate growth within boreholes. 

Experiment design issues


We hope to use the exhaust fluids from hydrologic experiments to generate artificial seeps and gas hydrate growth and perturbation experiments.  These will require:

1) The fluid chemistry be monitored, 2) the flux be regulated, 3), Discharges dispersed to either stimulate seafloor seeps, or gas hydrate growth in sediments. 4) The subsurface designed to assure flow.  One approach is to wrap downhole plumbing with heaters to allow periodic gas hydrate defrosting. 5). Monitoring of environmental properties.

Appendix D:  Seismometer

Debra Stakes

Location Constraints:

Perferred site is northern side of Canyon to center of Smooth Ridge. End of cable needs to be within cable run limit to connect MOBB seismometer (or we will move the instrument). We require a site on flat sediment at 1000-1200 m depth. Needs to be acoustically undisturbed by other instruments (eg. hydraulic motors).

I would want a seep (such as Invert Ridge or Clam Flats) to be near a node to enable field testing of fluid flow/chemical sensor instrumentation

Technical Requirements:

Our instrumentation is battery powered but we would like full comms to connect to landbased seismic data analysis facility at Berkeley.  Present site is in undisturbed sediment with no adjacent instrumentation. If we need to move MOBB instrument, then another similar site would be required.

We would like to be able to network two shortperiod instruments to node with 3-5 km spacing.

I would like to see an AUV docking station along the route for future plume mapping experiments

Appendix E:  Benthic Biology

Jim Barry

1)
Benthic community energetics and dynamics


This project would measure several parameters concerning the function of benthic / bentho-pelagic communities, 



- Community parameters & relevant processes




- species abundances & change over time in the study area




- indices of growth, reproduction for selected groups




- carbon turnover & carbon remineralization





(oxygen consumption, nutrient fluxes)



- Environmental drivers




- carbon input (vertical sinking flux and lateral input)




- currents, oxygen, temperature, etc.




- Coupling between carbon input and quality to upper ocean dynamics (Chavez, Scholin...)

This project could be served by a node in almost any area, depending on the time scale of the deployment.  Ideally, this would be a long term study, allowing measurements of community parameters and processes over sufficiently long periods that it could capture responses to climate and oceanographic variability.  If so, any depth from the continental shelf to 1000 m (or more) would be of interest.  For shorter period deployments, I think that deeper is better, so that we can get a better grasp of the relation between vertical and lateral fluxes of carbon.  This would be even more powerful if it included a canyon component to compare these processes in and out of the canyon, as well as measure the role of the canyon in the transport of carbon and other biogeochemically relevant compounds from the shelf to the deep-sea.

Therefore, the node suggestion near 1000 m adjacent to an ODP borehole is fine.  

If it is possible to add a shallow water node, the comparison of shelf and slope processes in this theme would be very interesting.

2)  
Seep community energetics and dynamics.


This project could rely on present seeps, but would also utilize the idea of pumping fluid from an ODP borehole to create an artificial seep.  Several aspects of chemosynthetic community processes could be addressed, from the microbial community processes (anaerobic methane oxidation ) - Delong's group) to the energetics and biology of vesicomyid clams and tubeworms (barry, vrijenhoek).  Paull and Scholin also have interests in this.  This experiment could be done at a location adjacent to the ODP borehole, but may require a depth of at least 400 - 500 m, since no well-developed seep communities have been discovered at shallower depths.

3)  
Another that could be served by a node is the that of creating small experimental mesocosms with perturbed CO2 levels for CO2 impact studies. Peter and I have been doing this without a node for a while, and have discussed creating small systems that deliver acid to the benthic boundary for CO2 studies.  This could best be served by a node with the high level of power and bandwidth available.  Ideally, this would include sites in shallow (<300 m) and deep (>=1000 m) water.

Appendix F:  ESP

Chris Scholin

My involvement in this will be driven by Ed D., Bob V. and through their connections with Charlie P. and Jim B.  We would like to see an ESP go deep (as in a stepping stone towards meeting the objective of the ESP portion of the Keck grant) -- MARS is obviously a perfect test case for a cable scenario.  Charlie would like to get bore hole in the vicinity of the node and then use that to create an artificial seep.  I think Jim B and Bob V support that idea too.

A number of us discussed the idea of having a node under an upwelling region, such as off Davenport.  But I had the impression that we did not have the $'s to have 2 nodes and the 1 we had was headed 'deep' in a region that was less interesting to Francisco et al.....

Appendix G:  Canyon Experiments

Charlie Paull

The Canyon Experiments are ones that were sold to NSF as being a part of MARS.  However, I am concerned that routing a cable from Smooth Ridge to the bottom of the canyon might be difficult. Never the less the science might be good if a node were place on the canyon floor where Carmel Canyon and the San Gregorio Fault cross Monterey Canyon.  Thus, assuming the Mars Cable primary node will go somewhere onto Smooth Ridge, an extension cable would have to be run up, over the southeastern edge of Smooth Ridge. This would probably require a daisy chain of satellite nodes. This could be a moderate band width user. 

Appendix H:  Hydrogen Cold Seep

Charlie Paull

I am interested in the possibility of using the power supplied by the MARS cable to make hydrogen by hydrolysis.  Hydrogen is believed to be a very important energy source for microbes and microbial reactions that go on both in the ground and at chemosynthetic biological community sites.  Very little is known about hydrogen in nature for it is very difficult to capture and measure.  However, if we generate the hydrogen, and strip off all the oxygen, we can stimulate a "hydrogen seep".  This would be a nice compliment to the artificial seep experiment (1a above).  Such an experiment should be away from other disturbance, but located in a similar environment as the borehole artificial seep.

Appendix I:  Slope Failure

Charlie Paull

One topic that has not been extensively explored, but has promise involves using the MARS cable to monitor slope creep and pore pressure.  One major justification for making these measurements here (and elsewhere) is that these are the properties of greatest interest for the study of slope failures.  As you may know, this is one of the major drivers of Venus. The potentially interesting area to make these measurements in Monterey Bay would be in and around Tubeworm Slump.  Tubeworm Slump is probably the youngest slide scar on the southern flanks of Smooth Ridge, thus is a candidate for still being active.  While my plate is too full to think about this for several years, I suspect that this is a direction that I might want to go eventually.  Moreover, there are people at both the USGS and NRL who are thinking about slope stability and might want to invest their time in some of these concerns.    
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