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Abstract

The upper ocean dynamics in the Gulf of Mexico (GoM) are dominated by mesoscale features that include the Loop Current and the eddies it periodically sheds.  During May and June 2010, at a time when oil was still flowing freely from the failed riser of the Deepwater Horizon (DWH) drilling rig, surface drifter trajectories, satellite observations, and numerical simulations in the GoM indicated a potential for direct connectivity between the northern Gulf and the Florida Straits via the Loop Current (LC) system.  Such a pathway had the potential to entrain particles, including contaminants present in the northern GoM related to the DWH oil spill, and carry them directly towards distant coastal ecosystems in south Florida and northern Cuba, and into the Gulf Stream.  In an effort to assess the connectivity between the spill site and these downstream regions, to determine the extent of DWH contaminant spreading via the dominant circulation features present in the Gulf, and to evaluate the potential impacts of such contaminants on economically important GoM pelagic fisheries, an interdisciplinary shipboard survey was conducted across the eastern Gulf in July 2010.  Analysis of the resulting in situ measurements of water column velocity and density structure confirmed concurrent remotely-sensed surface observations, which indicated that during this month a direct transport mechanism was no longer in place, and that a large LC anticyclone (named Eddy Franklin) had become separated from the main LC by a cyclonic eddy.  As a result, only indirect pathways through the region remained.  Additionally, with the exception of 4 hydrographic stations occupied within 84 km of the wellhead as part of this survey, no evidence of oil was found within the study domain (from the surface to a depth of 2000 m), suggesting that any oil entrained by circulation features in the months prior to the cruise had either weathered, been dispersed to undetectable levels, or was only present in unsurveyed areas.
1. Introduction

Following the explosion and sinking of the DWH MC252 drilling platform on April 20, 2010, the GoM was subjected to the largest anthropogenic crude oil spill ever recorded in the western hemisphere [REF].  Oil flowed continuously from the damaged wellhead for 87 days until it was capped on July 15, 2010.  This oil spill event differed from previous spills [A few REFS] in that it occurred in deep water (~1500 m), in the open ocean in a region affected by strong surface and subsurface currents.  This environment was suitable for the potential transport of oil and dispersants to remote areas beyond the Mississippi Canyon where the spill occurred.  Therefore, concerns quickly mounted regarding the extent to which oil could potentially spread to the rest of the GoM in the surface and subsurface aided by the LC and adjacent eddies, the predominant circulation features of the GoM [c.f., general GoM circulation REF list].  Throughout the spill, the emergency response and scientific communities primarily utilized blended remotely-sensed environmental observations with limited in situ measurements to monitor the GoM conditions beyond the immediate spill site.  The surface circulation was monitored using a suite of satellite observations, including satellite altimeters (for sea surface height), Synthetic Aperture Radar (SAR, for sea surface roughness and relative velocity), and sea surface temperature (SST) and ocean color imagery (both utilized to identify frontal boundaries and the spatial extent of GoM circulation features at the sea surface).  These observations were validated by a limited number of surface drifters deployed in support of the monitoring efforts.  All observations were analyzed in order to monitor the upper ocean dynamics and to identify the pathways by which oil and dispersants could potentially translate from the spill site into other regions of the GoM and beyond.  Additionally, several numerical models, such as the HYbrid Coordinate Ocean Model (HYCOM), the U.S. Navy Intra-Americas Sea Nowcast/Forecast System (IASNFS), and the National Oceanic and Atmospheric Administration Real-Time Ocean Forecast System (NOAA RTOFS) were employed to simulate the GoM circulation at the surface and subsurface. 

At the time of the DWH platform explosion, circulation in the GoM was dominated by a "mature" LC (i.e., the LC had not shed a ring since July 2009), which extended well into the northern Gulf to approximately 28°N (Figures 1a and 1b).  In such a configuration, the possibility for entrainment and delivery of contaminants from northern Gulf waters, including discharge from the Mississippi River, to downstream regions such as the Florida Straits via the LC is historically well documented, and can occur in as little as two to three weeks (Ortner et al., 1995; Hu et al., 2005).  To a great extent, this transport mode bypasses the west coast of a Florida due to the “shadow zone” effect associated with the broad West Florida Shelf (Figure 2), delivering particles directly to the Florida Straits and adjacent coastal ecosystems such as the Florida Keys.  In addition to early observations, this entrainment scenario was also suggested by early model results utilized to evaluate the potential spreading of surface oil from the spill (c.f. Liu et al., 2011; Srinivasan et al., 2010). 
In May 2010, the LC began to shed a large anticyclonic ring (Eddy Franklin, EF), which at times over the following month, appeared to remain in a state of partial attachment with the LC, complicating downstream connectivity and surface oil spreading analyses.  Additionally, due to the sparcity of in situ surface and subsurface observations in the LC and EF, the extent to which a direct and/or indirect pathway existed between the oil spill site and the rest of the GoM during this period (May and June 2010) was based largely upon analysis of satellite observations, numerical model simulations, and Lagrangian surface drifter trajectories (Figures 1 and 2).

Between June 30 and July 18, 2010, the NOAA Atlantic Oceanographic and Meteorological Laboratory (AOML) and National Marine Fisheries (NMFS) Southeast Fisheries Science Center (SEFSC), utilizing the NOAA Ship Nancy Foster, jointly collected interdisciplinary oceanographic observations across the eastern GoM (Figure 3).  The primary objectives of this shipboard survey were to assess the physical connectivity between the complex eddy field formed by the LC, EF, and other associated frontal eddies which developed over May and June, to document and sample any petroleum contaminants observed in the region, and to determine the potential impacts of any petroleum contaminants on pelagic fish larvae recently spawned in the eastern GoM.  This survey was one of only two research cruises conducted during the summer months of 2010 focused on evaluating the potential connections between northern Gulf waters and the southeast coast of Florida, the northern coast of Cuba, and the Straits of Florida.  

This paper examines the oceanographic conditions in the GoM between May and August 2010, with an emphasis on hydrographic data obtained during this July research cruise.  The main objective of the paper is to report the degree of connectivity between the immediate oil spill site, the southeastern GoM, and the Florida Straits.  Observational methods, including a description of measurements and samples collected during the July survey are described in Section 2.  Satellite-derived and Lagrangian drifter data are also discussed in this section.  Hydrographic and satellite data are evaluated to assess the connectivity between the different ocean features.   Results are linked to other environmental and ecosystem observations that could provide information of the presence of oil at the surface and/or subsurface.
2. Data and Methods.

A. Hydrographic Survey

Shipboard sampling was performed using an interdisciplinary suite of instruments.  Conductivity-Temperature-Depth (CTD) casts were conducted from the surface to 2000 m. These CTD casts were performed utilizing a Sea-Bird Electronics (SBE) 9plus CTD, configured  with dual temperature (SBE 3), conductivity (SBE 4), and oxygen sensors (SBE 43), chlorophyll a (chl_a) and Colored Dissolved Organic Matter (CDOM) fluorometers (both WET Labs ECO FL), and a 24-Niskin bottle water sampler.  Two (upward and downward-looking) internally-logging, Teledyne RD Instruments 300 kHz Lowered Acoustic Doppler Current Profilers (LADCP) were also attached to the CTD frame.  In addition to temperature profiles recorded during CTD casts, the upper ocean thermal structure was measured using Sippican Deep Blue eXpendable BathyThermographs (XBT), which produced temperature profiles from the surface to 850 m.  Continuous underway measurements of sea surface temperature, salinity, chl_a, and CDOM were collected using the onboard flow-through seawater system, which was equipped with an SBE 21 thermosalinograph and Seapoint chlorophyll and CDOM fluorometers.  Continuous measurements of upper ocean current velocity were also recorded using a Teledyne RD Instruments 150 kHz hull-mounted (or Shipboard) Acoustic Doppler Current Profiler (SADCP).
Icthyoplankton sampling, targeting larval pelagic species such as tuna and billfish, was performed with surface and profiling nets.  Surface net tows, including Spanish bongo (505 µm mesh), Spanish neuston (505 µm mesh), and standard neuston (947 µm mesh) net tows, were towed for 10 minutes at an average speed of 1 m s-1.  Though considered a surface tow, Spanish bongo and neuston tows were cycled between the surface and a depth of 10 m ten times during each tow.  The MOCNESS was equipped with 5 nets (505 µm mesh) and towed at a speed of 1 m s-1. The system was typically lowered at 7-10 m min-1 (net 0) and hauled in at 5-7 m min-1 (nets 1-4).  It sampled depths of 0-100 m, 100-75 m, 75-50 m, 50-25 m, and 25-0 m (nets 0 through 4, respectively).  Surface and profiling tows were also utilized in the search for tar balls (see subsection B below).
The track of the cruise included 15 transects (labeled A-O in Figure 3). The cruise track was chosen based upon daily fields of satellite altimetry-derived geostrophic surface currents and it was divided into two sections: a) Miami to St. Petersburg, FL from June 30 through July 12, and b) St. Petersburg to Pascagoula, MS from July 13 through July 18.  The section coverage totaled approximately 3000 km.  During the survey, a total of 73 stations were occupied and sampled with lowered equipment and 191 XBT profiles were collected. 24 satellite-tracked Lagrangian drifting buoys, drogued to follow the water at a depth of 15 m, were deployed.  The physical, chemistry, and biophysical sampling locations were chosen based on the location of the main mesoscale features  using the most recent satellite and underway analysis of data at the time of the in situ sampling..  

Water property and velocity measurements collected along occupied sections (Figure 3) were analyzed to assess the vertical structure of the circulation features observed and to characterize the physical connectivity between features. Parameterized groupings were analized and established using potential temperature-salinity (θ-S) correlations at each CTD station in order to delineate water masses over horizontal and vertical spatial scales (Figure 4 and Table I).   Three different types of waters were identified:  Gulf Common Water (GCW, Nowlin 1972), Loop Current Water (LCW, REF), and Subtropical Underwater (SUW, REF).  In these θ-S diagrams, these waters can be identify by their density range 24.0—26.5 [Ryan, I am afraid I chanced the meaning of what you wanted to say.  I wanted to make it shorter and to the point]  [authors – I am reworking the sorting process for these groupings (for Figure 7) in order to make the process more objective – Ryan].  As a result, the LC, the anticyclonic rings that it sheds, and the associated frontal boundaries of these features can be identified by their θ-S structures.  Additionally, LC rings may develop a unique θ-S relation, differentiating them from the LC when exposed to wind-driven mixing in winter months with the development of a deep mixed layer, followed by summertime heating and the restoration of a seasonal thermocline ([REF]).  The resulting θ-S profile yields a region of constant salinity with decreasing temperature above the characteristic LC SUW signature.  In the case of EF, the depth of this interface was observed at approximately 130 m [double check all EF stations].  The corresponding θ-S profiles are clearly distinguishable for LC profiles (magenta/blue line in Figure 4), and Eddy Franklin Core Water  (yellow line in Figure 4) , while the GCW are identified by their surface weathered waters (cyan/purple line in Figure 4).  The surface water properties (salinity, and chl_a [chris, can you add CDOM to your stats?]) of the GoM were highly variable even within the individual groupings outlined in Figure 4.  However, continuous flow-through data, binned spatially by the locations of the θ-S profile groupings, did show significant differences between groups ([Chris, can we rework this with spatially binned flow-though data] Table 2., Kruskal-Wallis, p<0.001). [I DO NOT SEE THE TABLE IN THE VERSION THAT I HAVE.  IT WILL BE GREAT TO HAVE A LINK BETWEEN THESE T-W RELATIONSHIPS AND THE CHEMICAL DATA]
B. Surface and Subsurface Oil Observations

Methods for observing surface oil and tar balls over the survey region included visual observations of the sea surface during daylight hours, net tows, indirectly through oxygen minimum in the CTD profiles, through a CDOM mounted in the CTD rosette, and the flow-through CDOM fluorometer.   
WE NEED LANGUAGE ON VISUAL OBSERVATIONS, HOW MANY HOURS A DAY THIS WAS DONE, WHAT TYPE OF FINDINGS ONE USUALLY GET FROM DOING THIS, ETC, 
Following each net tow, nets and net frames were carefully examined for the presence of tar balls.  [CAN WE ADD LANGUAGE ON WHAT SIZE OF TAR BALLS THESE NETS COULD HAVE FOUND, IF THIS IS A STANDARD PROCEDURE, ETC]
The search for oil and hydrocarbon contaminants within the water column relied upon two types of measurements, and indirect measurements utilizing the CTD SBE 43 dissolved oxygen sensors (as microbial degradation of oil could intensify oxygen depletion, Kessler et al., 2011; Joye et al., 2011) and a (in?) direct [IS THIS CONSIDERED DIRECT OR INDIRECT?] the CTD WET Labs ECO FL CDOM fluorometer.  

Crude oil is a combination of hydrocarbon components that, as a mixture, typically fluoresce strongly when excited in the blue spectrum at wavelengths below 300 nm, and may emit broadly from 300 nm up through the red past 600 nm (Green et al., 1983).  When trying to measure hydrocarbons from a specific source by optical means, ideally a fluorometer would be tuned to the precise excitation (EX) wavelength which yields a maximum emission (EM) wavelength.  Following standardization with source material, such an instrument could then be calibrated to report a first order estimate of source specific oil concentration.  Additionally, to employ such a fluorometer in the “search” for oil, one would optimally utilize the sensor by recording continuous measurements, either as part of a ship’s flow-through system (yielding continuous measurements at the sea surface), or as part of a lowered CTD instrument package (yielding continuous measurements from the surface to a maximum cast depth) so that a survey could direct sampling efforts based on the sensor data in real-time.  However, this scenario assumes the optical properties of the target oil to be stable.  We know this not to be the case, as dispersal and/or the natural weathering of crude oil will change its fluorometric response (Henry et al., 1999).  Additionally, variability in the unique chemistry of different source oil targets will result in fundamental EX/EM property differences between targets (Bugden et al., 2008). Given these complexities, the use of in situ fluorometers should be combined with periodic sampling when quantifying oil distributions (Henry et al., 1999).  [SHOULD THIS LAST SENTENCE BELONG IN THE CONCLUSIONS?]  MICHELLE: CAN YOU PROVIDE SOME LANGUAGE ON A QUANTIVE ANALYSIS.  THE TEXT ABOVE IS GREAT AND TELLS ME HOW TO POTENTIAL FIND OIL.  NOW, HOW DO WE KNOW IF WE HAVE FOUND A LITTE, SOME, OR A LOT OF OIL ?]
At the time of the July 2010 survey, a tunable wavelength fluorometer was not available, nor was a multi-channel fluorometer suitable for sampling a combination of EX/EM wavelengths.  Thus, the previously mentioned CDOM fluorometers were utilized.  These fixed wavelength fluorometers were not specifically designed to measure hydrocarbon concentrations, as their EX/EM ranges (WET Labs ECO: 350 nm EX / 430 nm EM; Seapoint: 370 nm EX / 440 nm EM), while within the crude oil range, were selected for the detection of CDOM (a naturally occurring material, heavily concentrated in coastal areas).  A CDOM fluorescence peak, identified using a similar WET Labs ECO fluorometer, was detected early in the spill near the MC252 wellhead at depths >1000 m and was confirmed to be due to the presence of hydrocarbons (Diercks et al., 2010).  Additionally, Wet Labs provided preliminary data indicating that the ECO CDOM fluorometer was sensitive to the presence of hydrocarbons.  Therefore, both fluorometers were utilized as preliminary indicators for the possible presence of hydrocarbons and to target sample collection.

C. Satellite-derived Observations


Synoptic observation of the earth surface conducted over large geographic areas is a key advantage of utilizing satellite-mounted environmental sensors.  Earth observation satellites associated with the NOAA Polar-orbiting Operational Environmental Satellite system (POES) system and the NASA Earth Observation System (EOS), are capable of acquiring visible and infrared data over large geographic areas, while providing frequent and repetitive coverage.  These sensors, together with SAR data, were essential to delineate the oil spill, especially under sun-glint conditions.   On board sensor type and orbit characteristics determine spatial, spectral and radiometric resolutions, which are closely related to the data volume received by satellite ground stations.  Today, many satellite products are available in near real-time, and consequently, greatly contribute to the development of operational oceanography programs.  During the DWH oil spill incident, ocean conditions in the GoM were intensively monitored using data from multiple sources, such as the SAR, altimeter, POES and EOS constellations, which provided on a continuous basis essential information about the status and distribution of spilled oil, complementing in-situ observations and becoming critical assets for decision making. [altimetry is generic, POES and EOS are the names of specific satellites].

Horizontal gradients of SSH fields derived from satellite altimetry were used to estimate daily surface geostrophic currents and, from their spatial gradients, to determine the locations of the fronts associated with the cyclonic and anticyclonic features, such as LC rings and eddies (Figures. 1, 5, 6a, 6c, 6e, and 6g).  These surface current fields reveal the dynamics at the ocean surface, and have the advantage of a basin-wide coverage.  However, although they are not subject to cloud contamination, they cannot provide the fine spatial resolution of satellite-derived maps of SST. In addition, surface current fields are easily detectable and not  affected by uniform SST values often observed over the Gulf in summer months.    Since altimetry fields are constructed using the alongtrack data, which may not necessarily run along or across the region of detachment, the exact date of detachment as seen from sea height observations is only approximate.  Results of separation of these two features based on surface currents may also differ from sea surface temperature estimates as the mesoscale feature derived from dynamic and temperature fields may not necessarily coincide.  In addition, separation at the surface and at depth usually occurs at different times [REF]. It is also important to note that while the satellite altimetry produce synoptic fields of currents, the field of currents obtained from the research cruise are not.
Besides altimetry, SST fields from AVHRR, MODIS and ENVISAT’s ATSR, and color fields obtained from MODIS, SeaWiFS and MERIS were also used to identify the dynamic features in the Gulf during the incident. Absolute and relative values of these parameters can be associated to changes in the water properties and transports in the region. The location and extend of these ocean features can be continuously monitored using data from the sensors mentioned above, which although are affected by clouds, provide repetitive and synoptic coverage over the region, near real time data availability and validated/calibrated products.   
At the same time, NESDIS/SAB were creating operational satellite derived oil analysis using as main inputs high resolution data from SAR,  MODIS (~250m) and MERIS (~300m) sensors. In some rare cases during the event, and when high resolution data was not available or didn’t provide useful information, AVHRR 1km resolution imagery was used.  The main purpose of these analyses, which were routinely sent to NOAA’s Office of Response and Restoration (OR&R), the U.S. Coast Guard and the Minerals Management Service, was to delineate the extent of the oil on the ocean’s surface, with its potential huge implications for decision making activities during the crisis.  Contrary to what was required from visible and near infrared satellite data to estimate geophysical parameters, optimum contidions for oil detection using MODIS and MERIS data greatly benefit of the presence of sun-glint.
RYAN: HOW WERE SATELLITE PRODUCTS USED DURING THE CRUISE????



D. Surface Drifter Observations

The historical dataset of satellite-tracked surface drifters can be used to estimate the Lagrangian pathways of near-surface water that has traveled near the site of the DWH oil spill.  These drifters are drogued at 15 m depth to minimize direct wind forcing [Lumpkin and Pazos REF]and, thus, they potentially represent the motion of water in the ocean mixed layer rather than the motion of oil floating at the surface.  For the period July 1999-June 2010, a total of 45 drifters traveled within three degrees latitude and longitude of the spill site (Figure 2); their subsequent trajectories indicate the strong tendency to eventually enter the Loop Current and into the Atlantic basin.  A total of 38 drifters lived long enough to enter the Loop Current, and of them, 20 drifters subsequently passed between South Florida and the Bahamas. [THIS IS SOMETHING THAT BELONGS IN THE INTRODUCTION.  IT IS NOT RELATED TO DRIFTERS DEPLOYED FROM THE NANCY FOSTER OR DURING THE OIL SPILL EVENT.  LETS PLACE IT WITH THE TEXT OF THE SHADOW ZONE].   WE NEED TO SAY HERE:

1. HOW MANY DRIFTERS WERE DEPLOYED IN SUPPORT OF DWH EFFORTS, SOME WERE CODE DRIFTERS.  

2. HOW MANY DRIFTER WERE DEPLOYED FROM THE NANCY FOSTER.
3. WHAT WERE WE EXPECTING TO LEARN

4. WHAT DID WE LEARN ? (IN ANALYSIS)
5. THERE WAS ONE DRIFTER THAT WAS CRITICAL IN DETERMINING THAT EF WAS DETACHED FROM THE LC.  EXPLAIN IN ANALYSIS

6. WHERE DRIFTERS ACTUALLY DEPLOYED CLOSED TO THE SPILL SITE ?  WHERE DID THEY END UP ? (IN ANALYSIS)
3. Results and Analysis

JOAQUIN ADD IN THIS SECTION HOW SATELLITE OIL SURFACE ESTIMATES COMPARED WITH THE ACTUAL OBSERVATIONS.  FOR EXAMPLE, WE HAVE THE DISTANCE AT WHICH OIL BEGAN BEING DETECTED DURING THE CRUISE.  PLEASE COMPARE THIS DISTANCE WITH THE SATELLITE PRODUCT (THIS IN THE ANALYSIS SECTION).
OK. As the oil was detected very close to the wellhead and on Jul 17th, we could use Jul17th analysis to compare with observations. RYAN PLEAE REVISE THIS
Figure X (see figure attached in the email. If you want to use it I will send you the PS) shows the SAB daily composite analysis for Jul 17th with the distance to the wellhead and the ship’s track overlaid. The report was created using data from the following sensors: ENVISAT MERIS, TerraSAR-X, Cosmo Skymed-2&3 and Radarsat-1. Comparison of SAB analysis and the data collected during the cruise shows a general good agreement. Locations where surface tar balls were detected match with areas where surface oil was detected. We must consider this is a very dynamic region where the daily composite analyses usually show great differences from day to day.
A. Pre-Cruise (April through June) GoM Assessment
The thermal and dynamics conditions in the GoM during the summer of 2010 were close to average, with sea surface heights (SSH) and sea surface temperature (SST) only slightly lower than average (http://www.aoml.noaa.gov/phod/dhos/geos.php).  The fields of surface currents in the GoM  (Figure 5) emphasize how highly variable the mesoscale features in this region are, with the LC migrating meridionally from 24°N to 28°N and with eddies being formed aperiodically [this statement is correct here if it refers to eddies being formed aperiodically during the summer of 2010]. [THIS STATEMENT HAS TO GO ALSO IN THE INTRODUCTION WITH A FEW REFS].  Historically, eddy separation has been observed to peak at 6 and 11 month intervals (Sturges and Leben, 2000) [THIS GOES TO THE INTRODUCTION, I BELIEVE THAT IT IS ALREADY THERE].  The surface conditions observed between April and May 2010 indicated that the LC extended to ~27(N in the longitude range 85-88(W.  Geostrophic currents derived from SSH observations, together with a few surface drifter trajectories, indicated that EF would subsequently separate twice from the LC and rejoin it between June and August (Figure 1).  During May and June 2010, satellite observations documented the initial separation of the anticyclonic EF from the LC and the subsequent interaction of these features with one another (including reattachment of the outer edge of EF in the second half of June).  By the end of June, the cyclonic circulation located on both sides of the EF/LC region of attachment had increased in size [give some representative value].  During this time, EF also appeared to be separating from the LC for a second time and translating westward (Figure 1).  Concurrently, the LC remained in essentially the same location flowing northeastward towards the west Florida shelf before turning towards the southeast and entering the Florida Straits. 
ALL THIS ANALYSIS WAS DONE USING ALTIMETRY FIELDS.  RICK: CAN YOU INSERT YOUR DRIFTER ANALYSIS ?
THIS GOM ASSESSMENT IS FOR CIRCULATION ONLY.  WE NEED TO STATE HOW THE SURFACE OIL SURFACE CHANGE ?  IF NOT WE NEED TO CHANGE THE NAME OF THIS SECTION TO JUST PRE CRUISE GOM CIRCULATION.
B. GoM Circulation in the far field, July 2010

Fields of surface currents derived from satellite altimetry showed that EF had reattached to the LC in mid June (Figure 1e).  However, during the beginning of July detachment started again to take place at the surface. The cruise carried out in the Nancy Foster provided critical surface and subsurface information on the connectivity between these two features, both at the surface and subsurface. [THIS IS THE PARAGRAPH WHERE WE NEED TO MAKE CLEAR THAT THIS CRUISE WAS NEEDED]..Temperature and salinity sections obtained from combined XBT and CTD observations, combined with ADCP and LADCP current observations of surface and subsurface currents provide critical quantitative and qualitative information on the connectivity between mesoscale features that could not be determined by remote sensing data alone.
Underway ADCP surface current measurements collected during cruise revealed similar surface circulation features than those derived from the satellite altimetry fields and that were utilized to guide this survey (Figures 6a, 6c, 6e, and 6g). Comparisons between these two estimates are shown here for four different times in order to validate the altimetry estimates at different stages of the cruise and at various regions of the GoM. CTD/ADCP hydrography collected along Sections E through J were, therefore, used together with fields of surface current to parameterize the separation and/or connectivity between EF, the cyclonic eddy, and the LC.  
The altimetry-derived surface current corresponding to July 7, 2010 (Figure 6a), has excellent qualitative agreement with the shipboard ADCP currents (highlighted section E in Figure 6a). The quantitative comparison shows that both fields are pretty similar, reaching maximum velocities of 1m/s during that dayAlong the eastern half of the section, observations confirmed the altimetry estimates of a northeast-flowing LC impinging upon the southwest Florida Shelf break and subsequently turning southeast.  Mixing of LCW with both CSW of the West Florida Shelf and with GCW to the west was visible in θ-S profiles for this section [RYAN, SHOULD WE SHOW THIS IN FIGURE 4 BY DOTS OF A DIFFERENT COLOR ? THIS IS IMPORTANT AS MIXING IS A WAY OF TRANFERING MASS PARTICLES EVEN WHEN A DIRECT PATHWAY DOES NOT EXIST].  Mixing in this region is important since it indicates the potential of an indirect pathway of particles into the southern GoM region. TheGCW was associated with a large cyclonic circulation observed westward of the LC retroflection.  The ADCP data collected during the several crossings of the frontal eddy revealed a surface intensified flow (upper 100 m) of approximately XX cm/s.  The feature possessed an approximate radius of 120 km.  The depth of the main thermocline, measured from both CTD/LADCP casts and densely spaced XBT deployments over the region (Fig. 3), confirmed the size and location of this cold-core circulation.  Though not evident in Section E (Fig. 6b), velocity and water property sections for transects G, H, and J (Fig. 6d) revealed a cyclonic circulation extending to at least 2000 m (the maximum depth of our CTD/LADCP casts).  Deep velocities of 40-50 cm/s were observed.  It is unclear if the observed deep velocities (deeper than 1000 m) were directly related to the upper-ocean, surface-intensified circulation or to some other deep GoM circulation dynamic.  [1-2 more sentences about deep circulation with REF].
The westernmost CTD/LADCP station along Section E carried out on July 8 revealed a  LC ring θ-S signature (magenta color in Figure 4), which was markedly different from the previous stations, indicating that the section was located  in the anticyclonic EF circulation, which was adjacent to the cyclonic frontal eddy.  The velocity  section (Figure 6b) shows this station location to be approximately 40 km west of the strongest flow (XX cm/s) recorded between these circulating features.   The southward velocity propagations across this section (blue colors on the left side of Figure 6b) belong to two different features: the cyclonic eddy that lies between the LC and EF and the northern edge of the anticyclonic motion of the LC.  This section crosses only the eastern portion of EF as also depicted by the satellite-derived surface velocity fields (Figure 6a).   The eastern half of this section is dominated by the northward flow (red colors in Figure 6b) of the cyclonic eddy and by the LC.   The eastern edge of this section shows the southward flow of the 

Evidence of EF core circulation was observed at the western end of Section E.  However, subsequent transects G-J, conducted over the following four days (July 8-12, 2010), encountered no clearly definable EF θ-S signatures, confirming the westward translation and meridional flattening of the anticyclone documented in the altimetry fields for this period (Figures 6a and 6b).  Waters circulating in the cyclonic frontal eddy separating EF from the LC primarily exhibited GCW θ-S profile characteristics. However, mixed profiles [Ryan: please indicate what the mix is composed of] were also observed, suggesting mixing along frontal boundaries.  
The spatial distribution of the θ-S signature groupings observed across the survey region (Figure 7) as defined in this work (Figure 4) shows the relative location of each signature type in relation to the maximum recorded surface velocity associated with each eddy feature and illustrates how these flows can act as a barrier to mixing within the eddy core, and at the same time, entrain water and promote mixing between the velocity maximum and the circulation front.

[Chris, add in some text about surface CDOM distribution – a note about the strong surface signals near the mouth of the Mississippi nullifying the use of the CDOM flow-through fluorometer as a surface oil proxy might be something we should mention.]  The continuous flow-through data, binned spatially by the locations of the θ-S profile groupings (Figure 7) reveal that at the sea surface, regions covered by Coastal Shelf Water (CSW) had the lowest median salinity with the highest salinity variability and the highest median chl_a fluorometry (Table 2).  This reflects the relatively large influence of coastal processes including riverine input into these near-shore environments [REFS].  Areas occupied with GCW had the second most variable sea surface salinity (SSS); though the median SSS was still higher than that observed for LCW.  The relatively large variability in SSS and surface chl_a likely reflects the proximity and interaction of GCW to continental shelf boundaries and nearshore GCW.  LCW was much more homogeneous at the surface with respect to both salinity and chl_a.  The surface waters of EF had the highest median salinity and lowest chl_a concentration of the water groupings, with low variability in each.  This likely reflects the long residence time within EF which allowed for isolation of the seawater from terrestrial sources of freshwater and nutrients.  The high SSS was high due to a lack of freshwater and the result of evaporative concentration affecting the feature. Likewise, surface chl_a was low due to the lack of nutrient inputs and the exhaustion of existing surface water nutrient stocks during the extended residence time. [I may need to examine the depth profiles of CDOM and CHL a from the CTD to examine differences between water masses in CDOM and chlorophyll. - CK] [THIS ANALYSIS IS FINE, BUT WE NEED TO LINK IT TO THE CONNECTIVITY AND THE SEARCH FOR OIL –GG]
Although mixing and entrainment along frontal boundaries may have provided for an indirect pathway between EF and the LC, no direct linkage between the two features was observed.  [WHAT WOULD BE AN EXAMPLE OF DIRECT PATHWAY ?  HOW CAN ADCP OR CTD DATA PROVIDE EVIDENCE OF A DIRECT PATHWAY ?  WE NEED TO WRITE THAT HERE] 
Additionally, using the observational methods available, no evidence of oil was observed at the surface or within the upper 2000 m water column over this region  [ISN’T THIS A VERY SHORT SENTENCE FOR SUCH AN IMPORTANT RESULT ?].  Volume transport associated with the flow circulating about the axis of the cyclonic feature separating EF and the LC was calculated from merged LADCP and SADCP Transect G velocity section data (single crossing).  The upper 2000 m transport was calculated to be 73 Sverdrups (Sv; 1 Sv ≡ 106m3s-1).  Flow in the upper 800 m comprised 35 Sv of this total (Florida Straits sill depth = 800 m).  This upper 800 m volume transport is consistent with data from the highly-resolved transport time-series at 27°N in the Florida Straits (mean = 32.1 Sv, Meinen et al., 2010). 

Two radial transects were conducted across EF during the survey (Sections L and M inFigure 3).  Section L confirmed the elongated radius of EF of approximately 250 km.  The strongest velocities associated with the anticyclonic circulation along this section were located between the surface and 200 m (surface intensified) and reached a maximum of 108 cm/s approximately 160 km from the center of circulation.  EF θ-S signatures were observed at all CTD/LADCP stations inside of this distance.  Beyond 160 km from the center, GCW was entrained in the EF circulation.  Section M, conducted from the approximate center of the EF circulation to the MC 252 wellhead, revealed an eddy radius of approximately 200 km.  As with the preceding transect, the flow structure was surface intensified.  [WE HAVE TO INDICATE WHY IS IMPORTANT TO NOTE THAT THE CURRENT IS SURFACE INTENSIFIED.  THIS MEANS THAT THE VELOCITY AT WHICH POTENTIAL CONTAMINANTS COULD BE TRANSPORTED IN THE FAR FIELD WAS HIGHLY DEPENDANT ON THE DEPTH OF THE CONTAMINANT AND ON THE LOCATION WITHIN THE FEATURE] However, the strongest velocities observed (160 cm/s) were located 110 km from the center of the anticyclone, proportionally closer to the center of the eddy circulation.  Assuming a circular ring, these velocity data suggest that particle revolution about the eddy center [EF?] should take a minimum of 5 (Section M) to 11 days (Section L).  However, due to the irregular shape of EF (Figs. 1, 5, and 6), the ring’s rotational period may be quite different.  Though CTD/LADCP stations were limited along Section M due to time constraints, continuous SADCP data collection allowed for the targeted positioning of stations on either side of this maximum velocity boundary.  Water within this boundary possessed an EF θ-S relation, while the CTD/LADCP cast external to this boundary recorded the presence of GCW.  ADCP data collected across Transect M show that circulation associated with EF appears to extend to a depth of 1120 m.  [HOW ABOUT THE THETA-S ANALYSIS?] The corresponding volume transport (from the surface to 1120 m) was calculated to be 42 Sv [revise this number with updated calculation!].  Though the velocity section for Transect L shows weak flow at depths greater than 1120 m (Fig. 6f), it is unclear if this flow was directly associated with EF or with separate deep circulation dynamics [AGAIN, HOW ABOUT THE THETA-S ANALYSIS?].  Continuity would suggest the latter, as the upper 1120 m volume transport for EF, calculated from velocities recorded along this section, was found to be 37 Sv (on the same order as Section M) [revise this number with updated calculation!].  The 5 Sv difference between these two values is likely due to the limited number of lowered velocity observations along section M and the time required to complete both transects (3.5 days).  When comparing the upper 200 m transport for each section calculated from continuous SADCP velocity data (see data coverage insets on Fig. 6), the transport difference is approximately 1 Sv.  
C. Near field ocean conditions, July 2010
Over the ~200 km distance between the northernmost extent of EF and the MC252 wellhead, both a low velocity cyclonic frontal eddy and an anticyclonic eddy were observed (Figure 6g and 6h).  The maximum velocity observed within these flows (surface intensified) was approximately 30 cm/s.  The northern interface between the cyclonic circulation and the anticyclone situated over the DWH drill site fell within the NOAA Office of Response and Restoration (NOAA/ORR) nearshore oil forecast boundary and the NOAA/NESDIS Satellite Analysis Branch (SAB) experimental surface oil coverage map(Figure 6g).  In situ observations collected along transect M within this oil forecast boundaryconfirmed the NOAA/ORR and NOAA/NESDIS/SAB forecasts.  Surface oil and tar balls were first observed approximately 84 km south of the DWH wellhead, at which time a station was conducted (station #70, location shown in Figure 7).  These observations were all located north of the center of cyclonic circulation.  Any entrained contaminants would therefore be carried westward prior to potential mixing along the EF front, thus lengthening the indirect pathway between the Mississippi Canyon and the prominent circulation features to the south previously described. [I still need to add a statement about the deep flows along this line – Ryan]
C. Surface and Subsurface Findings near MC252

On July 17, three CTD/LADCP stations were conducted at the northern terminus of Section M within 17 km of the MC252 wellhead (station #71, #72, and #73; shown in Figure 8).  The location/occupation of these stations was coordinated with other survey and response vessels on site (R. H. Smith et al., 2010 [NF1013, mission summary report]).  While working in close proximity to the wellhead, intermittent surface sheens were observed.  Tar balls were not visually observed at the surface while conducting these stations.  However, at station #71, dark oily smudges were discovered on the 0-100 m MOCNESS net and the standard neuston net following each tow.  Evidence of a subsurface hydrocarbon plume concentrated at a depth of 1155 m (σθ ≈ 27.65 kg m-3), similar to that described by other investigators studying the spill (Camilli et al., 2010; Diercks et al., 2010; Hazen et al., 2010), was observed in CTD CDOM and O2 sensor data collected at these stations (in O2 only at station #72, Fig. 8).  The strongest spikes in CDOM voltage (an increase) and in dissolved oxygen (a decrease) were observed at station #71, approximately 15 km south-southwest of the wellhead.  

Total aromatic hydrocarbon concentration in samples collected from 1150 m at station #71 were estimated at 335-410 ppt from frozen samples sent to the RCAT laboratory at Louisiana State University.  Total aromatic hydrocarbons observed in deep samples collected from stations #70, #72, and #73 were less than 100 ppt.  Though stations #71 and #73 exhibited stronger signals associated with contaminant anomalies in both fluorescence and O2 profiles at ~1150 m, the CTD O2 sensors generally recorded a more gradual signal decrease (compared to the corresponding CDOM voltage increase) in O2 concentrations near the suspected feature, over a broader depth range (between 1100 and 1400 m), resulting in a “scalloped” O2 profile.  The oxygen decrease was subsequently verified by photometric Winkler titrations performed on board.  Shown in Figure 8, current velocity magnitudes in this depth range were observed to be 10-15 cm/s [I still need to add deep velocity vectors to the station markers in this plot – Ryan].  The directionality of this deep flow may have been topographically influenced.

).  During May 2010, before the oil spill started, the LC began shedding Eddy Franklin (EF), a large anti-cyclonic ring (Figure 1c). [this is basically a results, since we are using maps derived from altimetry] While this LC ring separation may have inhibited direct connectivity between northern Gulf regions and downstream areas, synthetic drifter trajectories obtained from numerical models using model and satellite-derived ocean current fields indicated that water particles could still travel from the oil spill site into the southern GoM.  EF remained in a state of partial attachment/detachment during June (Figures 1d and 1e)  It was hypothesized that during June 2010 the cyclonic eddies situated between the MC252 wellhead and EF (blue contours in Figures 1c through 1i)  had the potential to dispersesurface and subsurface oil into the rest of the GoM.  In fact, tar balls sourced to MC252 were observed along the eastern border of EF on June 8, 2010 as far south and east as 26°45.85’N, 086°03.65’W [show in panel 1d or 1e] (A. M. Wood, WS1010A mission report, in preparation).

4. Discussion

[Upon reviewing the document, I think we need to insert a discussion to tie in historical work.  Inserting it throughout the text in the sections above would make each respective section too long and doesn’t really fit given the focus of the paper.  An outline for the discussion is listed below.  I think this section could be wrapped up in 2-3 pages primarily based on the results section above and the annotated bibliography that I have put together.  I will write the first draft of this section. -Libby]

1) The general circulation of the Gulf of Mexico [REFS]

2) The water masses of the Gulf of Mexico [REFS]

3) The study methods progression over time - hydrography, satellite IR SST, satellite altimetry, numerical models, and how it has lead to a greater understanding of the GoM [REFS]

4) The LC [REFS; describe and quantify what was previously known in terms of velocity, transport, location, etc., and compare to our observations]

5) The anticyclonic circulation features: LCR's [REFS; describe and quantify what was previously known in terms of diameter, swirl velocity, translational velocity, transport, location, etc., and compare to our observations]

6) The cyclonic features: large cyclonic eddies, smaller scale frontal eddies along the edge of the LC and LCR's [REFS; describe and quantify what was previously known in terms of diameter, location, velocity, importance to the LCR shedding process, etc., and compare to our observations]

7) The northward penetration of the LC, conditions under which a LCR is shed, seasonality (spring/summer LC extension, fall/winter detached LCR drifts westward) [REFS; describe and quantify what was previously known, and compare to our observations] 

8) The west Florida shelf circulation, impingements of the LC, forcing of the shelf-break southward  jet [REFS; describe and quantify what was previously known, and compare to our observations]

9) The northern coastal circulation, seasonal wind forcing, Mississippi River outflow [REFS; describe and quantify what was previously known and compare to our observations]

10) The fortuitous series of events (northern LC, presence of large cyclonic eddy east of the LC, separation over period of weeks to months of EF) that eliminated the direct pathway from the DWH oil spill site to the coastal environments of south Florida.  [THIS IS A SYNTHESIS PARAGRAPH OF THE SUMMER 2010 LC, LCR, CYCLONIC EDDY LOCATIONS AND MOVEMENTS, THE SHELF CIRCULATION, ETC., FROM OUR OBSERVATIONS] and how they all worked together to prevent the oil from reaching south Florida waters.

5. Conclusions

While GoM dynamics during May and June 2010 may have provided favorable conditions for particle entrainment from the northern Gulf to the Florida Straits and bordering downstream coastal regions, remotely-sensed and in situ observations confirmed that, by July 2010, this was no longer the case (Figs. 1f and 1g).  The separation of EF from the main LC in July and the eddy’s subsequent zonal elongation inhibited direct connectivity between the Mississippi Canyon and the LC during this period.  Additionally, smaller cyclonic features, located to the north and south of EF, served to lengthen any transport pathways from the drill site to the southern GoM and provided multiple opportunities for mixing en route.  

Uncontrolled output from the MC525 wellhead was finally arrested on July 15, 2010, three days prior to the conclusion of this survey.  The lack of tar balls, surface sheens, or vertical CDOM and O2 profiles with signatures indicative of subsurface hydrocarbon plumes over the broad study domain (south of NOAA/ORR and NOAA/NESDIS/SAB oil forecast boundaries) suggests that any oil carried to the southern GoM prior to the July survey had weathered or been dispersed to levels undetectable to our methods.  While floating tar has been documented repeatedly in the Gulf of Mexico and Florida Straits (Atwood et al., 1987; Joyce, 1998), as with the 1979 Ixtoc-1 spill (Romero et al., 1981), there was no evidence that south Florida beaches received elevated amounts of tar as a result of the DHW spill.  Most movement of the DWH subsurface oil plume documented during the summer of 2010 appears to have been towards the southwest, flowing along a layer of neutral density and paralleling nearshore bathymetric contours of the northern GoM [insert spatial extent here –Ryan], in an area unsampled by this survey [SMU AGU ref here].  This deep trajectory, combined with model results that incorporate oil degradation and dispersion (Adcroft et al., 2010), and evidence for shortened oil particle longevity in the water column as a result of microbial degradation (Hazen et al., 2010; Valentine et al., 2010; Joye et al., 2011) is entirely consistent with the fact that we only observed evidence of a subsurface oil plume in our O2 and CDOM profiles at a small number of stations within close proximity to the MC252 wellhead.

By August 2010, the zonally-elongated EF had translated southward and once again reattached to the LC (Fig. 1h).  However, with no strong circulation north of 27°N, no detectable oil en route prior to August, and no additional MC252 oil entering the Gulf following July 15, it is unlikely that any contaminants were available for entrainment into this circulation.  However, despite the fact that MC252 oil never reached south Florida beaches, damage to Florida tourism and coastal economies throughout the state [need econ ref here.] did result from the fear that such an event might have occurred.
6. References (in progress)
Adcroft, A., R. Hallberg, J. P. Dunne, B. L. Samuels, J. A. Galt, C. H. Barker, and D. Payton, 2010.  Simulations of underwater plumes of dissolved oil in the Gulf of Mexico.  Geophys. Res. Lett., 37, pages...

Atwood, 1987.

Behringer, D. W., R. L. Molinari, and J. F. Festa, 1977.  The variability of anticyclonic current patterns in the Gulf of Mexico.  J. Geophys. Res., 82(34), 5469-5476.  

Brooks, D. A., 1984.  Current and hydrographic variability in the northwestern Gulf of Mexico.  J. Geophys. Res., 89(C5), 8022-8032.  

Brooks, D. A., and R. V. Legeckis, 1982.  A ship and satellite view of hydrographic features in the western Gulf of Mexico.  J. Geophys. Res., 87(C6), 4195-4206.  

Bugden et al., 2008.

Camilli et al., 2010.

Candela, J., J. Sheinbaum, J. Ochoa, and A. Badan, 2002.  The potential vorticity flux through the Yucatan Channel and the Loop Current in the Gulf of Mexico.  Geophys. Res. Lett., 29(22), pages...  

Cochrane, J. D., 1972.  Separation of an anticyclone and subsequent developments in the Loop Current (1969).  Contributions on the Physical Oceanography of the Gulf of Mexico, L. R. A. Capurro and J. L. Reid, Eds., Gulf Publishing, 91-106.  

Diercks et al., 2010.

Elliot, B. A., 1982.  Anticyclonic rings in the Gulf of Mexico.  J. Phys. Oceanogr., 12, 1292-1309.

Forristall, G. Z., K. J. Schaudt, and C. K. Cooper, 1992.  Evolution and kinematics of a Loop Current eddy in the Gulf of Mexico during 1985.  J. Geophys. Res., 97(C2), 2173-2184. 

Green et al., 1983.

Hamilton, P., G. S. Fargion, and D. C. Biggs, 1999.  Loop Current eddy paths in the western Gulf of Mexico.  J. Phys. Oceanogr., 29, 1180-1207. 

Hazen et al., 2010.

Henry et al., 1999.

Hetland, R. D., Hsueh, Y., Leben, R. R., and P. P. Niiler, 1999.  A Loop Current-induced jet along the edge of the west Florida shelf.  Geophys. Res. Lett., 26(15), 2239-2242.  

Hofmann, E., and S. J. Worley, 1986.  An investigation of the circulation of the Gulf of Mexico.  J. Geophys. Res., 91(C12), 14,221-14,236.  

Hu et al., 2005.

Huh, O. K., W. J. Wiseman, Jr., and L. J. Rouse, Jr., 1981.  Intrusion of Loop Current waters onto the west Florida continental shelf.  J. Geophys. Res., 86(C5), 4186-4192.  

Joyce, 1988.

Joye et al., 2011.

Kessler et al., 2011.

Leipper, D. F., 1970.  A sequence of current patterns in the Gulf of Mexico.  J. Geophys. Res., 75(3), 637-657. 

Liu, Y., R. H. Weisberg, C. Hu, and L. Zheng, 2011.  EOS, Trans. AGU, 92(6), 45-52.

Lumpkin and Pazos.

Maltrud, M., S. Peacock, and M. Visbeck, 2010.  On the possible long-term fate of oil released in the Deepwater Horizon incident, estimated using ensembles of dye release simulations.  Env. Res. Lett., 5, pages... 

Meinen et al., 2010.

Meyers, S. D., E. M. Siegel, and R. H. Weisberg, 2001.  Observations of currents on the west Florida shelf.  Geophys. Res. Lett., 28(10), 2037-2040.  

Molinari, R. L., J. F. Festa, and D. W. Behringer, 1978.  The circulation in the Gulf of Mexico derived from estimated dynamic height fields.  J. Phys. Oceanogr., 8, 987-996.

Morey, S. L., P. J. Martin, J. J. O'B., A. A. Wallcraft, and J. Zavala-Hidalgo, 2003.  Export pathways for river discharged fresh water in the northern Gulf of Mexico.  J. Geophys. Res., 108(C10), pages...  

Nowlin, W. D., Jr., 1972.  Winter circulation patterns and property distributions.  Contributions on the Physical Oceanography of the Gulf of Mexico, L. R. A. Capurro and J. L. Reid, Eds., Gulf Publishing, 3-52.  

Nowlin, W. D., Jr., and J. M. Hubertz, 1972.  Contrasting summer circulation patterns for the eastern Gulf.  Contributions on the Physical Oceanography of the Gulf of Mexico, L. R. A. Capurro and J. L. Reid, Eds., Gulf Publishing, 3-52.  

Nowlin, W. D., Jr., and H. J. McLellan, 1967.  A characterization of the Gulf of Mexico waters in winter.  J. Mar. Res., 25(1), 29-59. 

Oey, L. -Y., T. Ezer, G. Forristall, C. Cooper, S. DiMarco, and S. Fan, 2005.  An exercise in forecasting Loop Current and eddy frontal positions in the Gulf of Mexico.  Geophys. Res. Lett., 32, pages...  

Oey, L. -Y., T. Ezer, and H. -C. Lee, 2005.  Loop Current, rings, and related circulation in the Gulf of Mexico: A review of numerical models and future challenges.  In: Circulation in the Gulf of Mexico: Observations and Models, W. Sturges and A. Lugo-Fernandez, Eds., Geophysical Monograph Ser., American Geophysical Union, Washington, D. C., Vol. 161, 31-56.  

Ortner et al., 1995.

Paluszkiewicz, T., L. P. Atkinson, E. S. Posmentier, and C. R. McClain, 1983.  Observations of a Loop Current frontal eddy intrusion onto the west Florida shelf.  J. Geophys. Res., 88(C14), 9639-9651.  

Romero et al., 1981.

Schroeder, W. W., L. Berner, Jr., and W. D. Nowlin, Jr., 1974.  The oceanic waters of the Gulf of Mexico and Yucatan Strait during July 1969.  Bull. Mar. Sci., 24 (1), 1-19.  

Srinivasan et al., 2010.

Smith et al., 2010.

SMU AGU reference.

Sturges, W., and J. C. Evans, 1983.  On the variability of the Loop Current in the Gulf of Mexico.  J. Mar. Res., 41, 639-653.  

Sturges, W., J. C. Evans, S. Welsh, and W. Holland, 1993.  Separation of warm-core rings in the Gulf of Mexico.  J. Phys. Oceanogr., 23, 250-268.  

Sturges, W., and K. E. Kenyon, 2008.  Mean flow in the Gulf of Mexico, J. Phys. Oceanogr., 38, 1501-1514.  

Sturges, W., and R. Leben, 2000.  Frequency of ring separations from the Loop Current in the Gulf of Mexico: A revised estimate.  J. Phys. Oceanogr., 30, 1814-1819.  

Valentine, 2010.

Vukovich, F. M., 1995.  An updated evaluation of the Loop Current's eddy-shedding frequency.  J. Geophys. Res., 100(C5), 8655-8659.  

Vukovich, F. M., and B. Crissman, 1986.  Aspects of warm core rings in the Gulf of Mexico.  J. Geophys. Res., 91(C2), 2645-2660.

Vukovich, F. M., and G. A. Maul, 1985.  Cyclonic eddies in the eastern Gulf of Mexico.  J. Phys. Oceanogr., 15, 105-117.  

Wiseman, W. J., Jr., and S. P. Dinnel, 1988.  Shelf currents near the mouth of the Mississippi River.  J. Phys. Oceanogr., 18, 1287-1291. 

Zavala-Hidalgo, J., S. L. Morey, J. J. O'Briend, and L. Zamudio, 2006.  On the Loop Current eddy shedding variability, Atmosfera, 19(1), 41-48.  

Table 1.  Objective description of θ-S profile grouping criteria [RS].

Table 2.  Median and variability of surface water properties [CK]. [-we may not need this table – Ryan]
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Figure 1.  Altimetry-derived surface features, Lagrangian surface drifter trajectories, and the NESDIS/SAB daily surface oil coverage product are shown in the panels above for the GoM from April 15, 2010 through August 15, 2010 (at 15-day intervals).  Red lines show the main anti-cyclonic features (LC and EF), and blue lines show indicate cyclonic circulation.  11-day surface drifter trajectories (centered about the date of the plot) are represented as green lines with a purple marker indicating their position at the beginning of the 11-day period.  The regions in black denote the extension of the surface oil spill as derived from the daily Experimental Marine Pollution Surveillance Reports produced by NOAA/NESDIS/SAB.
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Figure 2.  Trajectories of 45 drifters, from July 1999 through June 2010, after passing within 3 degrees of the DWH wellhead (black circle) .  Trajectory prior to point of closest approach is shown in gray.  Trajectory after point of closest approach is shown in black.
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Figure 3.  NOAA Ship Nancy Foster southeastern GoM survey track and sampling locations conducted in July 2010.  Hydrographic sections occupied during the cruise are identified with the lettering convention shown above.

[Guys, this figure is getting too busy.  Thoughts? -Ryan]
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[IN PROGRESS,

I still need to add a more thorough description of colors and types to the text].

Figure 4.  The relationship of potential temperature (θ) to Salinity (S) for CTD profiles collected during the survey are shown in the above θ-S diagram over contours of constant density (-1000 kg/m3). Three characteristic profiles (examples from selected stations) have been highlighted: GCW (cyan), LC (magenta), and EF (yellow).  
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Figure 5.  Altimetry-derived surface features and the NESDIS/SAB daily surface oil coverage product are shown in the panels to the right.  Gray arrows indicate geostrophic surface currents, red lines show the main anti-cyclonic features (LC and EF), and blue lines show indicate cyclonic circulation.  The regions in black denote the extension of the surface oil spill as derived from the daily Experimental Marine Pollution Surveillance Reports produced by NOAA/NESDIS/SAB.
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Figure 6, Panels a-d.  SADCP velocity vectors and sections for selected transects “E” and “J” are shown above.
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Figure 6, Panels e-h.  SADCP velocity vectors and sections for selected transects “L” and “M” are shown above.
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[IN PROGRESS,

I will add city names, fix station groupings, and create deep vector panel B]
Figure 7  SADCP vectors and CTD/LADCP station markers are shown above for the July survey.  Station markers are color coded corresponding with θ-S profile types observed at that location: GCW (cyan), LC (magenta), EF (yellow), coastal (green), mixed (black). 
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[IN PROGRESS, I will redo the CTD plots and also plot deep LADCP vectors at plume depth at each station, and make scale bar a different color]

Figure 8.  CTD/LADCP hydrography conducted near the MC252 wellhead on July 17, 2010.  Indications of a potential subsurface hydrocarbon plume, are visible in CDOM and O2 measurements collected during the three CTD/LADCP casts.
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