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A. Science Goal

A key problem in understanding how the microbial community responds to environmental fluctuations over hours/days/weeks is referencing collection of discrete samples against instantaneous characterizations of prevailing chemical, physical and bulk biological properties of a particular water mass.  Microbial processes are governed by events that occur over both space and time.  What genes are being expressed and what physiological/biogeochemical processes are in play at any one instant is a product of both the immediate environment as well as perturbations that have occurred “upstream” of when discrete samples are acquired.  Thus there is a disconnect between assessments of environmental forcing and resulting microbial community structure and physiology at fine spatial and temporal scales.  

Ideally, researchers would like to follow coherent communities to understand how they evolve in 4-D so that cause and effect relationships can be established with finer resolution than is possible now.  That information can in turn be utilized by modelers to help project, for example, rates of biogeochemical transformations over larger expanses of the ocean than the point measurements allow for now.  Such projections referenced against a set of proxy measurements or indicators provide a basis for adaptive or directed sampling as a means to develop, test and refine hypotheses, as well as to provide valuable insights for how models may be altered to improve their accuracy.

Since use of ships for such studies is very limited, development of autonomous systems that allow for “patch tracking”, sample collection, preservation, and real-time molecular analytical analysis are desirable. Furthermore, it is desirable to have the ability to sample multiple locations synoptically so as to gain a broader view of variability within a particular spatial domain.  Features of interest, such as physical/chemical gradients or chl max (etc.) may vary in depth over time and between points within a given region for many reasons, hence it is important to be able to “feature find” and sample accordingly, ideally (and in the long run) coordinating that same operation at multiple locations as the features move spatially and evolve temporally. Again, using ships for such studies is exceedingly difficult and expensive and if implemented will be possible to sustain for only short periods of time, so the need for new technologies to overcome the strict requirement for ship-based sample collection remains.

As a first step to realizing autonomous sample collection and analytical capabilities we must first prove that the fundamental methods for collecting, processing and returning samples remotely do in fact perform similarly if not better than traditional sample collection methods in use now (e.g., CTD cast followed by bench top water filtration and flash freezing). The ESP has recently been used as one tool for such concept/methods validation trials, but in a near shore, moored setting the environment is so variable that “matched” samples collected manually for ground truth analysis are exceedingly difficult to obtain.  Even expected patterns of gene expression for certain organisms over a daily cycle are hard to discern because the community structure around the mooring is subject to rapid changes due to water mass advection -- it is essentially impossible to sample the same community over time.  Consequently, to date we can only show that autonomous sample collection as provided by the ESP  is a promising technique, but we cannot prove it will yield samples appropriate for understanding rate processes and further have no way to evaluate this in a more open ocean setting.

Development of a drifting platform for the ESP that can be deployed outside of Monterey Bay where chemical, physical and biological variations are less extreme is one means to overcome these problems.    By having the equivalent of a shallow water ESP that is freely drifting for several days we can determine if “ESP-like” autonomous systems could provide in near real-time a quasi Lagrangian molecular analytical sensory presence and assess whether sample archival methods are suitable for high fidelity lab-based analyses currently reliant on flash freezing (such as genomics, transcriptomics, proteomics).   Results of such trails can be compared against traditional ship-based sample collection by using repeated CTD casts at similar depths as the ESP and drawing water from a similar feature of interest.  Since it is impossible to obtain water from exactly at the same location as a freely drifting ESP, and since features like chl maxima may vary in depth over time, it is most desirable if the ESP could be dynamically positioned (profiled) while transmitting environmental contextual information (CTD, fluorescence, transmissometer, eg.) so as to position the instrument at an appropriate depth for sample acquisition, and to guide ship-based sample collection to match that of the ESP to the greatest extent possible.  As an aside, a profiling drifter capable of handling the ESP as it exists today offers additional application for other large sensor packages currently restricted to use on moorings or directly attached to/deployed from ships. 

B. Requirements
Science Requirements

SR1. Mission duration

The system shall be designed to support a mission duration up to 72 hours (per the CANON experiment plan).  

SR2. Depth range

The ESP shall be set at a fixed depth between 3 and 50 meters below the surface buoy. 

SR3. Environmental conditions
SR3.1. Operational conditions

The system shall be designed to operate with full functionality over 95% of the weather conditions from the NDBC Monterey Buoy 46042 20 year historical record for September. 

SR3.2. Survival conditions

The system shall be designed to survive in a recoverable state over 98% of the weather conditions from the NDBC Monterey Buoy 46042 20 year historical record for September. 

Note:  Chris has asked what the impact of increasing the numbers we discussed on Tuesday might be.  I’ve stated the more challenging numbers in this requirement and we will present the impacts of designing to these higher numbers.  As one piece of the puzzle, most of the analyses I’ve been done so far are for significant wave heights of 3 meter which seem achievable.  According to the 20 year historical record from 46042; 98.2% of the waves in September are less than 3.0 meters, 99.4% are less than 3.5 meters and 99.9% are less than 4.0 meters (see the cumulative probability chart below).
SR4. Deployment vessel
The Western Flyer will be used for this deployment.  An appropriate light and radar reflector shall be included on the buoy to ensure the W/F can track the system. 
SR5. System  Integration

SR5.1. ESP Integration

The drifter system shall be integrated with the existing “shallow water” version of the ESP and allow command/control of the ESP and access to the CTD data.

SR5.2. System location

The Drifter system shall track the position of the Drifter buoy.  Time stamped latitude and longitude shall be displayed on the shipboard GUI with an update rate at least once every 5 minutes.  Given the overall CANON mission plan, knowing the position of the ESP Drifter in relation to the other in-water assets (AUVs, ships, etc.) is highly desirable.

SR5.3. Current measurement
Understanding the ESP drift relative to the ambient water mass may be an important measurement.  Provision for an external, self powered, self logging current meter shall be provided. 

Design Requirements

DR1. Mission Duration (meets SR1)
The system shall be designed to operate for 72 hours. 
DR2. Profile depth range (meets SR2) 
DR2.1. The same E/M cable and cable terminations currently used in the surface moorings shall be used in the drifter design.  The desired depth shall be set at the design review.
DR3. Environmental conditions (meets SR5)
DR3.1. The drifter shall be designed to operate with full functionality in a Pierson-Moskowitz spectrum sea state with significant wave height = 3 meters.  

DR3.2. The drifter shall be designed to survive in Pierson-Moskowitz spectrum sea state with significant wave height = 3.5 meters.  Survival is defined as no slack cable conditions and no cable tensions greater than the safe working load of the cable.

DR4. Deployment vessel (meets SR6)
DR4.1. The system shall be designed to be deployed with the standard lifting gear (A-frame, stern crane, capstans, winches, etc.) on the Western Flyer.

DR4.2. Because the W/F is not expected to be available for test deployments of the drifter, the system shall also be deployable from the Shana Rae.
DR5. System Integration (meets SR7)
DR5.1. Drifter User interface
A Labview GUI shall be provided with real time display of cable tension and drifter position.

DR5.2. Mounting provisions for a stand alone current meter shall be provided.

DR5.3. Drifter/ESP network
DR5.3.1. The Drifter/ESP network is shown in Figure 1. 
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DR6. Design constraints
Because this effort builds on the previous design, there are several elements of the previous design that shall be used unless analysis or test proves them unusable.

DR6.1. The system shall use the current ESP Profiler Buoy.  
DR7.  Future uses
There are no missions planned for this system beyond the September W/F cruise.  Design decisions and documentation shall be appropriate for this condition.  For example, expandability to support future missions is not required.  The system will be operated by its designers; an O&M manual suitable for other users is not required.  Complete design documentation is of course required. 
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Figure 1 ESP Drifter Network Block Diagram
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