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A. Science Goal

Chris/Jim would you fill in a few sentences here?

B. Mission Scenario
B.1. Deploy the profiler and ESP. 
B.2. Profile from top to bottom while recording and displaying CTD, fluorescence and turbidity values onboard the W/F.  
B.3. Make a decision about desired depth and pay in/out to that depth.  
B.4. Lock the winch.  Acquire sample.  
B.5. Monitor cable tension, ESP acceleration, other winch parameters and ESP functionality continuously to ensure safe operation.  It is possible that we may reposition the ESP to a “safe” depth after sample acquisition while waiting for the next profile.  
B.6. Repeat for N profiles during mission, N being defined by the maximum number of profiles per mission requirement below. 
B.7. Recover after 72 hours.  Note: System recovery may be required if sea state exceeds operational window. 
The profile is defined by the following user specified values: a constant profile velocity, a start depth, a stop depth and a sample acquisition depth.  

NOTE: When the winch is locked, the ESP distance below the profiler buoy will remain essentially constant.  Since the buoy is basically following the wave profile, the ESP distance to the sea surface immediately above it will remain constant but the altitude above a fixed point, like the seabed, will vary with the wave elevation.

C.  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. Profile depth range

SR2.1. The upper limit (minimum depth) of the profile range shall be 5 meters. Chris Scholin has reviewed the climatology for Monterey Bay in the September time frame and expects the layers of interest should be deeper than 5 meters.  
SR2.2. The lower limit (maximum depth) of the profile range shall cover the Euphotic zone.

SR2.3. A provision shall be included to ensure the existing ESP shallow water system doesn’t exceed its maximum rated depth.

SR3. Profiles per mission

Profiling is expected (but not required) to be synchronous with the ambient 24 hour (diel) cycle.  The profiler shall allow at least 2 profiles to be taken during each 24 hour period over the mission duration.  6 profiles is the maximum number of profiles expected in a 24 hour period.
SR4. Profile speed
SR4.1. The minimum profile speed shall be slow enough to allow a CTD, F, T profile to be acquired with sufficient accuracy to allow features of approximately 2-3 meter thickness to be resolved.
SR4.2. In order to ensure that sample acquisition is synoptic with the profile acquisition, the profiler shall have a maximum speed capable of a complete 50 meter profile starting at any point in the profiling range and a return to a point anywhere in the profile range in less than 60 minutes.  60 minutes is ¼ of the maximum desired sampling period which seems reasonable given that the current science thinking is the layers of interest aren’t moving significantly in 4 hours.
SR5. Environmental conditions
SR5.1. 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. 

SR5.2. 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).
SR6. 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. 
SR7. System  Integration

SR7.1. ESP Integration

The profiler 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.

SR7.2. System location

The ESP/Profiler system shall track the position of the Profiler 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 drifting ESP/Profiler in relation to the other in water assets (AUVs, ships, etc.) is highly desirable.

SR7.3. 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 profiler shall be designed to profile up to 5 meters below the surface.
DR2.2. The profiler shall be designed to profile down to a maximum depth of 200 meters (generally accepted limit of Euphotic zone).  
DR2.3. A hard stop shall be provided that prevents the ESP from being deployed below its safe operating depth (50 meters for the current shallow water ESP).

DR3. Profiles per mission (meets SR3)
DR3.1. The system shall be designed to perform at least 2 complete profiles and sample acquisitions every day for a total of 6 over the duration of the mission.  
DR3.2. A profile is considered to be 2.5 complete transits of the profiling range e.g. If the ESP is midway between the maximum profile depth and the minimum profile depth, the profile will have to go all the way to the bottom (1/2 the range), back to the top (1x the range) and potentially all the way back to the bottom (1x the range) for sample acquisition.

DR3.3. The trade-offs involved in performing 6 complete profiles per day shall be analyzed and presented as a trade study at the design review.
DR4. Profiler speed (meets SR4)
DR4.1. The profiler winch shall provide a line pay in/out speed from 0 to 5 meters per minute.

DR4.2. The pay in/out speed shall be user settable with 0.1 meters per minute resolution.

DR4.3. The pay in/out speed shall be accurate to 0.1 meter per minute.

DR4.4. A request for 0 speed shall disable the motor and set the winch brake.

DR5. Environmental conditions (meets SR5)
DR5.1. The profiler shall be designed to operate with full functionality in a Pierson-Moskowitz spectrum sea state with significant wave height = 3 meters.  

DR5.2. The profiler 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.

DR6. Deployment vessel (meets SR6)
DR6.1. The system shall be designed to be deployed with the standard lifting gear (A-frame, stern crane, capstans, winches, etc.) on the Western Flyer.

DR6.2. Because the W/F is not expected to be available for test deployments of the profiler, the system shall also be deployable from the Shana Rae.
DR7. System Integration (meets SR7)
DR7.1. Profiler User interface
DR7.1.1. The current user command interface shall be used.  
DR7.1.2. Commands are entered as text for Start, Stop, Set Speed, Pay in/out to user specified depth

DR7.1.3. The current Labview GUI for display of winch state shall be used. 

DR7.1.3.1. Minimum update rate once every 2 seconds.  

DR7.1.3.2. Strip charts for ESP Depth, ESP acceleration, winch speed, cable tension, motor current shall be provided.

DR7.1.3.3. The Labview GUI shall include a time stamped text display of profiler buoy latitude and longitude.

DR7.2. Mounting provisions for a stand alone current meter shall be provided.

DR7.3. ESP Interface

DR7.3.1. The profiler shall provide a network that allows a separate shipboard computer (not the profiler shipboard computer) to control the ESP as normal.  

DR7.3.2. The profiler shall provide a network that allows a separate computer to access the CTD. 

DR8. 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.

DR8.1. The system shall use the current ESP Profiler Buoy.  
DR8.2. The system shall use the current Rochester 7-H-375A cable

DR8.3. The system shall use the existing ESP telemetry system: currently Freewave RF modems.  
DR9. Brake

DR9.1. The brake shall be designed for and tested against 1.25 X the maximum load calculated for the survival condition (SR5.2).  
DR9.2. All brakes shall be fail-safe e.g. the brake is active with no power applied and when ever the motor is off.  Only a user request for winch operation shall release the brake. 

DR10. Software Failsafe functionality

DR10.1. The software shall put the system in a safe condition if any of the following conditions occur.  Safe is currently defined as hold current depth, motor off, brake on.

DR10.1.1. Loss of communication with the shipboard computer. 
DR10.1.2. Motor over current error

DR10.1.3. Bus under voltage

DR11.  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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