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NOAA Ship McArthur II – April 20 – May 22, 2011 (Including mobilization and demobilization) 

 

 
This natural resource damage assessment (NRDA) sampling plan describes cruise-based 

investigation of potential hard substrate benthic sites in the vicinity of MC 252 that, based on 

currently available data and information and NOAA models, may have been exposed to oil, 

dispersants, or indirect adverse ecological effects attributable to the MC 252 oil spill.  Target 

sites have the potential to harbor megafauna communities (principally deep-sea coral or 

chemosynthetic seep communities).  Members of the Deepwater Benthic Communities Technical 

Working Group (TWG), including BP or its representatives, reviewed and selected initial sites, 

and will review and select additional sites to be surveyed.  An approximately 28-day cruise with 

24 days of on-station work will take place, over two legs, utilizing the autonomous underwater 

vehicle (AUV) Sentry as the primary tool, supplemented with the deep-sea digital camera system 

TowCam, to survey predicted hard-ground areas and obtain visual determination of the presence 

of megafaunal communities.  Surveys will consist of initial high definition bathymetric mapping 

surveys, with subsequent photo surveys of areas with potential megafauna communities to be 

conducted in closer proximity to the sea floor.  Identifying the existence and location of these 

communities will guide potential subsequent follow-up assessment of these communities with 

remotely operated vehicle (ROV) for purposes of injury determination, as necessary.   

 

This plan was developed by the Deepwater Benthic Communities Technical Working Group 

(TWG) in consultation with the Water Column TWG.  

 

 

1.0 

 

The seafloor environment in the vicinity of the MC252 spill site may have been adversely 

affected by the release of oil, drilling muds, and/or dispersants associated with the Deepwater 
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Horizon oil spill through a variety of transport pathways. Hard substrate is relatively uncommon 

relative to soft substrate in the northern Gulf of Mexico (GOM), but can have distinct associated 

communities that are notable for their biodiversity and complexity.  Megafaunal communities 

associated with hard-ground include chemosynthetic seep communities (e.g., communities 

including foundational species such as tube worms with life spans that can exceed 250 years), 

deepwater mussels (Fisher et al. 2009), deep-sea coral communities (e.g., framework-forming 

coral species such as Lophelia pertusa or Madrepora spp.), and associated black and gorgonian 

corals, sponges, and other taxa (Brooke and Schroeder 2007; CSA 2007).    

 

Preliminary observations from the March/April 2011 ROV Sediment and Bottom-water 

Sampling cruise (HOS Sweetwater II)  have noted the presence of hydrocarbon sheen and odor 

in bottom sediments at several deepwater locations near the DWH well-head and within potential 

paths of oil movement predicted by NOAA models.  In addition, investigations conducted as part 

of the BOEMRE/NOAA Ron Brown Cruise, conducted from October 14
th

 to November 4
th

, 

2010, discovered a brown flocculent-like layer covering a hard-ground coral community 

including corals in the genera Paramuricea, Swiftia, and Paragorgia, located within Mississippi 

Canyon Block 338 (MC 338).  Undiscovered hard-ground communities may be located in nearby 

areas. 

 

The Deepwater Benthic Communities TWG conducted a Reconnaissance Survey I of Hard-

Ground Megafauna Communities in the Vicinity of the Deepwater Horizon Spill Site October 

29-Nov. 19, 2010 (Recon. I – Drift Camera) based on a cooperative Sampling Plan approved by 

BP and Department of Commerce Trustee Representatives.  The summary of data from review of 

images from this Cruise is found in Appendix 1.  The current Plan utilizes the same analytical 

methods to review existing geophysical and geological data to identify areas of potential hard-

grounds nearest to the spill site.  These potential sites will then be surveyed in the field using a 

combination of the Sentry AUV and the TowCam (deep-sea digital imaging system) with the 

intent of identifying the existence of hard-ground communities potentially exposed to DWH oil 

or associated substances. 

 

 

Sites with confirmed hard-ground communities and/or evidence of macro-seepage likely to 

support megafaunal chemosynthetic communities may be targeted for later detailed imaging, 

sampling and characterization work not covered in the present plan, using more expensive deep-

sea assets appropriate to that type of work.  All potential future analyses are expressly not part of 

this work plan.  

The overall objectives of this cruise are to identify biological communities associated with hard 

ground in the deep waters of the Gulf of Mexico that may have been adversely affected by the 

release of oil, dispersants, and/or other adverse secondary effects associated with the oil spill.  

Because the extent of such communities is not fully understood, and due to the difficulty of 

conducting natural resource damage assessment activities in the deep ocean, this plan proposes a 

targeted assessment of potential sites within the study area (described below).  The work to be 

executed under this plan represents preliminary potential exposure assessment.  Exposure and 
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injury assessment of any biological communities discovered through the course of execution of 

this plan may be pursued in subsequent cooperative work plans.   

 

This plan describes the use of two underwater reconnaissance systems that will be used in 

parallel.  The primary objective for the cruise will be the use of the Sentry AUV at  prioritized 

sites to confirm the presence of hard ground and associated biological communities. The use of 

the TowCam is an additional tool to be used in a complementary manner to the AUV to meet and 

support this objective.  Using these two systems together will allow for more efficient 

identification of potential hard ground biological communities.  For example, the use of the 

TowCam will allow the survey team to preview some larger sites before deciding where to 

deploy the Sentry over larger features.  Similarly, while the Sentry is in the water, the TowCam 

may also be used to examine close-by features that may be near to the prioritized sites.  Finally, 

if longer, linear features are found, use of TowCam may be warranted for a rapid assessment so 

that the Sentry can focus on the areas more appropriate for survey by AUV.  Below, we describe 

the objectives for the work proposed in this plan.  The Methodologies section below describes in 

greater detail the use of the proposed survey systems. 

Initial site selection is designed to identify the sites with the highest potential for containing 

exposed hard-grounds and associated megafaunal coral or chemosynthetic seep communities.  

Prioritized sites will then be targeted for the subsequent field survey using the AUV and digital 

towed imaging systems (see “site selection” section, below).  

The field survey will utilize the National Deep Submergence Facility’s autonomous underwater 

vehicle (AUV) Sentry, operated by Woods Hole Oceanographic Institution (WHOI), to produce 

fine-scale bathymetric maps of the seafloor at the selected sites.  These maps can be used to 

identify topographic features on the scale of a meter that may be associated with hard-grounds 

and, hence, further narrow the areas needed to be surveyed. 

 

- - Sentry will also be deployed to conduct down-

looking photo-surveys in gridded patterns nearer the seafloor (typically 5m off-bottom).  The 

photographic images of the seafloor will be collected using a high dynamic range, downward-

looking digital still camera, which will enable positive identification of hard-ground megafaunal 

communities.  Although the primary objective of the survey is to identify the presence of 

megafaunal communities, the system may collect pictures of sufficient resolution to understand 

the health of corals or other major faunal components.     

 

The Woods Hole Towed Digital Camera System (TowCam) is an internally recording, digital, 

deep-sea camera system, with co-registered CTD sensor and altimeter that can provide accurate 

depth and altitude for each image, that is operated from a vessel’s standard CTD winch and 

0.322" conducting cable (see later).  The TowCam captures images that are recorded on board the 

vehicle and downloaded for analysis upon return to the ship.  Those data can then be used to 

directly observe hard-ground megafauna and/or to plan the course of action for subsequent AUV 
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surveys.   Although nearly all of the time that the Sentry batteries will be charging will be used to 

transit between sites, the TowCam will allow for seafloor investigations and reconnaissance 

between Sentry AUV dives or when the AUV batteries are recharging and additional transit is not 

needed.  In addition, as noted above, when appropriate and logistically feasible, the TowCam 

will be used in adjacent areas (within about 0.5-2 miles’ range from the AUV) during Sentry 

operations.     

 

1.2.5 Evaluation of Site Selection Success 

A final objective of the work described in this plan is to collect information on the accuracy of 

the site selection process.  Although at this time we do not anticipate any formal statistical 

evaluation of the predictive ability of specific factors used in site selection, confirmation of the 

presence or absence of biological communities on targeted hard ground sites will aid in our 

understanding of which of these factors are most relevant for targeting potential future site 

selection.  

 

2.0 

Below is a narrative with details of the study area, methods, limitations and reasonable 

expectations for this project, and deliverables that the Trustees and BP will receive from this 

project. 

 

Through interpretation of 3D seismic data, the Bureau of Ocean Energy Management, Research 

and Enforcement (BOEMRE) reports there are approximately 200 potential hard-ground sites 

within about 15 nm of the spill.  Seventeen of these targets were identified and surveyed using a 

drift camera during the Recon I - Drift Camera cruise and a previously planned non-NRDA  

BOEMRE/NOAA research cruise aboard the NOAA Ship Ron Brown.  A Deepwater Benthic 

Communities TWG team, including a representative from BP, reviewed the results of the Recon I 

- Drift Camera cruise and identified several additional targets as potential hard-ground sites in 

the area to survey.  Our highest priority will be sites within 25 km of the spill site in all 

directions.  Our site sampling strategy is to target those closest first and then work out from the 

DWH site with an emphasis on sites projected to be most likely to have been exposed to 

deepwater oil based on currently available data and NOAA models.       

 

The research team will follow a protocol developed for previous MMS/NOAA projects (Chemo-

III and Lophelia-II; see Brooks et al. 2008).  Dr. Charles Fisher will be Project Manager of the 

effort with a team that has worked together in the past as part of previous and on-going 

MMS/NOAA chemosynthetic and hard-ground coral explorations along the northern Gulf 

margin.  This project will require collaboration and cooperation between NOAA, BOEMRE, BP 

and its representatives, and the NRDA Water Column Technical Working Group.   

 

 

A meeting of members of the Deepwater Benthic Communities TWG and other relevant experts 

was convened in New Orleans, Louisiana on September 22 and 23, 2010, before the Recon I -

Drift Camera Cruise, and a follow-up meeting was held on December 1, following the cruise.  

http://invertebrates.si.edu/boemre/reports/CHEMOIII_interim_vol1.pdf
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These meetings reviewed available water column data and NOAA modeling projections and 

developed site proposals that were presented to the full TWG.  Although 17 sites were surveyed 

by drift camera on the Recon I -Drift Camera Cruise, and one by remotely operated vehicle 

(ROV) on the BOEMRE/NOAA Ron Brown cruise, additional portions of many of the larger 

features and nearby features remain to be surveyed.  As noted above, Appendix 1 includes a 

summary description of the 17 sites surveyed during the Recon I -Drift Camera Cruise.    

 

On April 20, 2011, a meeting was held to identify potential additional sites for the current 

proposed cruise and to prioritize sites for the proposed bathymetry work during the first leg of 

the cruise. Representatives from BP and the Water Column TWG were present at the meeting 

held at the BOEMRE office in New Orleans. Prior to the meeting, a total of 45 sites were 

proposed for consideration at the meeting.  The area near the spill site may be the most likely 

deepwater area to have been exposed to deepwater oil and dispersants or any indirect adverse 

effects of these contaminants.  This area is within the predicted path of oil movement in any 

direction, based on subsurface trajectory modeling.  It includes the portion within 9 km of the 

wellhead where sediment PAH concentrations were above average reference levels (OSAT 

2010).  Additional sites greater than 25 km from the well-head and underlying the predicted 

southwest-trending subsurface dispersed hydrocarbons, based on subsurface trajectory modelling 

and qualitative information provided in the December, 2010 Operational Science Advisory Team 

(OSAT) report were also be included as potential sites  A map of the study area and proposed 

sites is included below in Exhibit 1.  Sites are listed in tabular form in Appendix 2.   

 

In advance of the meeting on April 20
th

, it was noted that there is some geographical overlap 

between the Response-led BP Abandonment AUV Survey and work proposed in this plan.  As a 

result, the site selection team utilized data and information from the former for planning and the 

site selection purposes. For sites within the area of the BP Abandonment AUV Survey it was 

decided to use BP bathymetry and side scan maps as the primary tool for selection of sites for 

photo survey by Sentry or TowCam, rather than duplicate the bathymetric mapping effort within 

this region. Much of this data was transferred to the science team at the meeting, additional 

extant side-scan maps were transferred on April 21 and 22, and additional data and maps are 

planned to be transferred before the start of the second leg of the cruise.   

 

After taking into consideration priorities for site selection, selection criteria, and bathymetry data 

received to date from the BP Abandonment AUV Survey, the following sites were selected for 

bathymetric analyses during the first leg of the cruise:  

 

 10 locations (sometimes consisting of more than one “site”) ranked as higher priority;  

 10 others categorized as lower priority, backup for a higher priority site, or a small site 

best surveyed by TowCam; and  

 three others that were not eliminated but ranked as lower priority because of their 

location near other known sites or in relatively shallow depth. (Appendix 3).  

 

Selection criteria for these sites is described in greater detail below.   

 

 Sites were first identified based on the likelihood of finding hardgrounds on the sea floor.  

This was done by examination of 3D seismic maps looking at both reflectivity patterns 
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and evidence for past or present conduits for fluid flow that would have produced the 

conditions for hard ground formation.   

 Consideration was given to the fact that reflectivity is often obscured by steep slopes. 

Only sites considered to have a good potential to host hardgrounds were proposed. 

 Consideration was given to the larger scale surrounding bathymetry, with priority placed 

on features that occur on slopes or include local topographic highs, since such topography 

is more likely to support filter feeding organisms like corals.   

 The final criterion was depth.  Sites between 600 and 2400 meters were selected for this 

survey with priority given to sites between 800 and 1600 meters depth.   
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Exhibit 1. Map of Study Area and Proposed Sites 

 



 

  
 

The team will mobilize an approximately 27 day cruise with 23 days of up to 24 hour operations 

to visit the identified sites. The project will use the NOAA research vessel McArthur II 

(Appendix 4). The cruise will utilize the WHOI Sentry AUV (Appendix 5) to obtain multibeam 

bathymetry of the proposed sites.  This data and resultant maps will be analyzed while at sea and 

areas of particular promise (e.g., apparent areas of boulders, etc.) will be chosen for finer scale 

survey using the AUV’s high dynamic range down-looking digital still camera and the WHOI 

TowCam system (Appendix 6). Details of the minimum requirements for ship capabilities and 

space for Sentry and for TowCam operations are given in Appendices 7 and 8 respectively

  

 

Use of the Sentry AUV with TowCam is expected to be the most time and cost effective method 

to obtain ground truth information on potential deepwater hard-ground sites hosting megafaunal 

communities.   The AUV is expected to provide significantly improved imagery with better 

coverage and flexibility in pinpointing small areas to survey compared to the drift camera 

utilized in the Recon I -Drift Camera Cruise.  As noted above, the Sentry is the primary 

reconnaissance equipment that will be used to investigate targeted sites.  The TowCam system 

has been used on nearly 40 research cruises in a very wide range of geographic and tectonic 

environments and provides a cost-effective option for data collection during the periods when the 

AUV is recharging its batteries, during some of the Sentry dives, and potentially during transits 

from one site to another.  As noted above, the TowCam system is meant to complement the use 

of the Sentry and improve site survey efficiency.  Further, with the two independent systems on 

board, either can be used during unexpected maintenance periods for the other should the need 

arise.  

 

The first leg of the field effort will be led by Dr. Charles Fisher (PSU).  Carlos Alonso of 

BOEMRE will participate in the first leg and assist in planning the Sentry and TowCam work 

with BOEMRE 3D seismic maps. This leg will also include a small team of biologists to assist in 

onsite faunal identification from TowCam images.  Use of Sentry on this leg will be primarily for 

high resolution bathymetric mapping of locations identified in the April 20
th

 meeting to identify 

fine-scale topographic features on the seafloor such as boulder fields that are most likely to host 

corals and/or chemosynthetic megafauna and will be targeted for a subsequent lowering for the 

detailed image acquisition (Appendix 3).  It is anticipated that at-sea analysis of the multibeam 

data from Sentry collected during the first leg and analysis of the multibeam and sidescan data 

from the BP abandonment survey, will allow most of the subsequent Sentry camera surveys to be 

planned before Leg 2 begins.   

 

Dr. Tim Shank (WHOI) will lead the field effort for the second leg.  The second leg will focus 

primarily on image acquisition (and preliminary evaluation for identification of biological 

communities) from areas identified from a combination of Sentry bathymetric (± TowCam 



 

imaging) surveys conducted during the first leg and detailed bathymetric data acquired from BP 

and BOEMRE at the April 20th meeting.  This second leg will include a larger team of biologists 

to handle and review the large volume of photographic images that will be collected during this 

leg.  Throughout the entire field effort (Legs 1 & 2), an adaptive sampling strategy will be 

employed where the objectives will be to locate areas in different directions and distances from 

the Macondo well head with bathymetric indications of exposed hardgrounds and prioritize each 

study area imaged during the BP abandonment survey, mapped during a Leg 1 Sentry dive, or 

identified by a TowCam survey to focus on those areas with the highest potential for finding one 

megafaunal communities for imaging during the second leg. 

 

Sentry produces sub-meter maps of the seafloor and is capable of taking digital bottom 

photographs in a variety of deep-sea terrains.  Sentry's navigation system uses a doppler velocity 

log and inertial navigation system, aided by short- and long-baseline acoustic navigation systems 

(USBL or LBL).  For this cruise, USBL will be preferred because it avoids the need to lay, 

calibrate and recover multiple LBL transponder nets at the multiple sites to be visited in the 

space of 28 days at sea. The USBL system also provides the added advantage that it enables real-

time acoustic communications with the vehicle, while submerged, that can be used to obtain the 

vehicle state and sensor status as well as to retask the vehicle in real time during a mission if that 

should prove desirable or required.   

 

Bathymetric maps may be made using any of several different tools depending on a field 

judgment of what is the most effective in identifying sites for photographs.  We propose to use 

the Reson 7125, 400 kHz multibeam acoustic sonar which has an ~ 200 meter optimal swath 

width when flown at 80 m above the ocean bottom and a 60 meter optimal swath width when 

flown at 20m above the ocean bottom.  The resultant bathymetric products derived from the 

Reson 7125, when gridded at 1.0m (for 80m altitude surveys) or at 0.3m (20m altitude) will 

provide a much higher resolution image of the seafloor than is possible from any ship-based 

multibeam.  Past experience (e.g. NSF-sponsored Sentry mapping in the MC 338 area in 

December 2010) confirms that these data will be sufficient to reveal additional features that may 

be associated with hard-ground communities such as small carbonate boulders that are the usual 

substrate for both soft and hard corals and are also frequently associated with seep megafaunal 

communities of tubeworms and mussels.  For this mapping, Sentry will be preprogrammed to 

follow along overlapping survey lines (20 percent overlap) at a constant height above the 

seafloor (20 or 80m depending on the size of target to be mapped and resolution of mapping 

required) at an along-track speed of 1m/second.  

 

The maps produced at sea are based on a first pass navigation.  These maps should be of  

sufficient quality for the task of selecting the sites for photo surveys, but can be further refined 

with additional post processing.  One and a half months effort from our senior Sentry personnel 

are included in this proposal for post processing of near-bottom bathymetric data (including the 

application of alternative processing techniques for both navigation and bathymetric ping editing 

subsequent to the field effort) to remove unreliable data and fine tune the resolution of the maps 

and improve navigational merging with photographic data for the final report.  Additional post 

processing effort, if desired, would be subject to a subsequent cooperative study plan. 

 



 

Individual priority sites to be surveyed may range in size from thousands to hundreds of 

thousands of square meters depending heavily on the type of reflectivity and subsurface 

information derived from the seismic data, but can also sometimes be refined (to smaller areas) 

from existing geographically accurate data on gas plumes and from known or observed abrupt 

bathymetric features.  The AUV bathymetric maps will allow much finer scale identification of 

individual smaller features and therefore more finely tuned targeting for subsequent photo 

surveys. 

 
The relative importance assigned to different data sets when designing the sampling strategy for 

a particular feature or site will vary somewhat depending on whether the feature is interpreted as 

a site more likely to host corals or chemosynthetic communities.  Although the two community 

types are linked through the carbonates produced by microbes at seeps (and often occur 

together), chemosynthetic communities are most likely to occur at sites where there is current 

evidence of natural macroseepage or fluid conduits (and somewhat independent of local 

bathymetry).  However, corals require exposure to appropriate currents and are more often found 

on local topographic highs and at the heads of local canyon features, but do not require exposure 

to seep fluids.  

Following analysis of AUV-based bathymetric maps, the on-board science team, in consultation 

with BOEMRE and  BP or its representatives on board, will identify specific targets within the 

surveyed fields for close-up photographic imaging.  For these surveys, the AUV will be deployed 

5 m above the seafloor, allowing high-dynamic range digital still camera (1K x 1K, 12 bit) 

photographs of the seafloor.  Because our goal is to determine the location of hard-ground 

communities within discrete sites, each of which may be unique, the image acquisition sampling 

design will be customized for each site to be surveyed.  The survey plan for a site will be based 

on the array of available data (water column, seismic and core data) and also the bathymetry and 

geography of the sea floor at that site.   

Surveys of seafloor habitats will use existing and new bathymetric maps as well as local 

knowledge of habitat and potential hazards to determine survey patterns.  As typically conducted 

with image surveys from Sentry, the AUV imaging surveys will be conducted in line survey grid 

patterns spaced at 5 meters and flown 5 meters above the seabed at a transit speed of 0.3m/s.  

This provides ~30% overlap in coverage between each successive photograph, along-track, and 

good coverage in the across-track direction.  

Images will be down-loaded at the end of each mission, color corrected, compensated for uneven 

lighting, and archived as per standard operating procedure with Sentry (see www.whoi.edu/ndsf) 

and original copies made after each dive for both trustees and BP or its representatives.  Each 

image is uniquely identified with a date/time tag and a sequential number.  Immediately 

following backup, images will be georeferenced with Sentry’s coincidently acquired navigation 

for the initial rapid scanning of the expected average of ~13,000 images per 24-hour mission in 

time-based georeferenced space. The images will be viewable in a Google Earth visualization 

tool, typically within 6 hours of vehicle recovery, allowing for a timely review of each dive’s 

results. This will be done to ensure the potential to adapt the next day’s plan for surveying of 

http://www.whoi.edu/ndsf


 

sites in order to take advantage of new information that might warrant greater site 

characterization. 

As documented in Appendix V, in addition to its Reson multibeam and camera systems, the 

Sentry AUV also has the potential to carry mission-specific sensors that can be carried 

simultaneously to collect additional (e.g. water column) information.  For this cruise, following 

recommendations during project review, it has been arranged to upgrade the vehicle with a 

fluorometer and a redox sensor that can detect for any organic enrichments and/or other 

chemically reducing species that may be intercepted by the Sentry vehicle while conducting its 

mapping and photographic surveys within the deep waters of the Gulf of Mexico. 

Both instruments have been interfaced to the Sentry AUV previously (including during its recent 

NSF-funded research cruise to the Gulf of Mexico close to the Macondo well-head in December 

2010) and protocols for logging those data and integrating with the AUV navigation and other 

sensor data-files is already established.  Details of the UV Aquatracka sensor to be utilized are 

detailed in Appendix IX.  The redox sensor to be utilized is a custom research Eh electrode 

developed by our colleague Dr Koichi Nakamura at the AIST laboratory in Tsukuba, Japan.  This 

sensor measures raw voltages with ≤1mV precision and exhibits a very stable reading in 

oxidizing seawater rendering it extremely sensitive (as a drop in voltage) for detecting the 

presence of any chemically reducing species present in the water that the vehicle/sensor package 

passes through.  This Eh electrode has been used for more than a decade to detect for high- and 

low-temperature hydrothermal vents and, more recently, sites of active cold-seep fluid flow as 

documented, for example, in German et al. (2008), Yoerger et al. (2009).  An example of Eh data 

collected from the Gulf of Mexico showing the stability of the background reading and response 

to passing over an active cold seep site (as confirmed from bottom photographs) is shown in 

Appendix X. 

All sensor data collected from the Aquatracka fluorometer and the Eh electrode will be recorded 

on board the Sentry vehicle at 1Hz frequency and these will be compiled at the end of each dive 

into a single scientific data file, merged with the standard Sentry sensor data (Appendix V), that 

is made available as a comma-separated-variable (.csv) text file. The science data in each .csv 

file are organized into columns with headings that cover time, processed navigation (vehicle 

position given in latitude and longitude in decimal degrees), depth, pressure (the primary 

variable from which depth is derived), height off bottom and heading. 

 

The WHOI Towed Digital Camera (TowCam) can supplement the AUV surveys, be used while 

the AUV batteries are being recharged, and for nearby surveys while the AUV is deployed when 

appropriate.  Although well suited for “blind surveys” of relatively unknown seafloor, it is best 

used for long linear survey lines and less well suited to the fine-scale grid-based surveys for 

which Sentry is optimal.  TowCam acquires photographs every 10-15 sec, depending on the 

specific mission requirements and is towed at speeds of ¼ to ½ kt depending on bottom 

roughness and sea state.  Each tow can acquire ~1800 images which fills the 2 GB compact flash 

card in the camera.  Image resolution is 3.3 megapixels.  Because it can be used very cost 



 

effectively to supplement the AUV surveys (using the same USBL navigation system), it will be 

used when there are large linear features to survey, or point features separated by long distances, 

and in any situation where the additional bottom imagery of areas that would not otherwise be 

surveyed will be informative to the goals of discovering new communities.  It will be used 

opportunistically during both legs (Appendix 6).   

 

The survey approach will consist of picking “points” on the sea floor within a target site and also 

choosing transect lines between points or along areas of interest. From this, we will plan 5-10 

hour deployments of the TowCam to maximize the number of images collected in the hard-

ground areas (duration depending on size and complexity of the feature and compatibility with 

Sentry operations which will take priority).  The TowCam can make single or multiple passes 

over a target, either as a series of parallel lines spaced appropriately to cover a larger target, or 

using a series of lines that intersect over a central point to provide highest density of coverage 

over smaller areas of greatest potential interest.  The number of passes will depend on the size of 

the target and whether or not the ship is in transit between higher priority targets.  Transects 

between “points” of interest within a site will be run while the camera is deployed, gathering 

near-bottom image data while in transit..  When appropriate these transects will include other 

areas of interest and in some cases long transect lines will be the most appropriate way to survey 

a particular feature (such as a long ridge crest, or up a slope with changing reflectivity).   

 

CTD and image data are processed immediately after each tow. Images from the DSPL digital 

camera are batch renamed with the time of the shot as the name in the format "yyyy-mm-dd-

hh:mm:ss" and are converted from native Nikon format to jpeg (.JPG) files.  When coupled to 

USBL navigation data, these images are geo-referenced (as with Sentry) to provide accurate 

locations for each image and the possibility to return efficiently to any imaged sites of interest 

for future work – either during Leg 2 Sentry dives or on potential expeditions beyond the scope 

of this proposal.  The same images can also then be batch enhanced using established routines in 

programs such as Photoshop or ACDSee. 

 

 

All data including imagery (to include navigation, photographic and multibeam raw data files, 

instrument data, field logs and documentation) and all other electronic data will be saved to an 

on-board computer, and all data shall be migrated to one or more dedicated external hard drives. 

The data will be controlled and managed under project protocols, including Chain-of-Custody 

tracking of the external hard-drives. Upon return to port, the vessel Operations Manager shall 

produce identical copies of the raw and processed electronic media generated during the cruise 

and deliver one of those copies each to NOAA (or its QA contractor) and to BP or its 

representative.  Additionally, all non-analytical data, including field reports and data sheets, will 

be made available to BP or its representative within 60 days of cruise completion. 

 

All materials associated with the collection or analysis of samples under these protocols or 

pursuant to any approved work plan, except those consumed as a consequence of the applicable 

sampling or analytical process, must be retained unless and until approval is given for their 



 

disposal in accordance with the retention requirements set forth in paragraph 14 of Pretrial Order 

# 1 (issued August 10, 2010) and any other applicable Court Orders governing tangible items that 

are or may be issued in MDL No. 2179 IN RE: Oil Spill by the Oil Rig "DEEPWATER 

HORIZON" (E.D. LA 2010). Such approval to dispose must be given in writing and by a person 

authorized to direct such action on behalf of the state or federal agency whose employees or 

contractors are in possession or control of such materials. This plan will be implemented 

consistent with existing trustee regulations and policies. All applicable state and federal permits 

must be obtained prior to conducting work. 

 

 

All data collected pursuant to this scope of work must adhere to a strict Chain of Custody 

protocol to ensure the utmost integrity of all data, methods, control and documentation. All data 

will remain in the documented physical control of the selected contractors at all times. Complete 

documentation of this Chain of Custody must follow the standard NRDA Chain of Custody for 

aerial imagery, including acceptance and release signature for this physical control chain.
1
 

Original copies of all documentation will be provided to BP and the Trustees, or their designated 

representative in accordance with section four below. 

 

Within one week of the end of the field effort, the Chief Scientists will prepare a quick look 

report that will include the daily reports, a cruise track map, summary tables of sites visited, and 

numbers of images collected at each, maps of AUV and TowCam tracks within sites, including 

summaries of all locations with notable megafauna communities or evidence of recently living 

megafauna.  The Chief Scientist will prepare a final report integrating several data types, 

including post-processed multibeam data, image data, AUV and TowCam tracks along with 

existing 3D seismic data.  By agreeing to this Plan, BP is not endorsing any conclusions 

contained in any reports prepared pursuant to this plan. 

Analysis and reporting on the imagery collected by both Sentry and TowCam at these hard-

ground sites will be via the construction of (geo-referenced) catalog databases in IView Media 

software (already in use by this research team for Sentry and TowCam data).  Construction of the 

data-bases will include tagging of images with potential coral substrate (boulders), colonial 

cnidarians (including hard, gorgonian and black corals), vestimentiferan tubeworms, mussel 

beds, and other significant megafaunal communities.  Images with identifiable individual mobile 

fauna (e.g. fishes, holothurians, crustaceans) will also be tagged for the final report.  The final 

report will also provide a summary of the sites visited and a qualitative description of the 

megafauna communities present at the locations of potential hard-ground sites.  

Although most pictures collected using Sentry and TowCam at these depths will not have the 

resolution for examination of details such as individual polyp condition (because of the variable 

imaging altitude, distances involved and other uncontrolled variables such as visibility and local 

shading), the system may have the capability to collect pictures of sufficient resolution to 

                                                 
 



 

distinguish relative coral health or other major faunal components.  We will collect a subset of 

pictures that can be examined for features such as discoloration, sloughing tissue, necrosis, 

excessive mucus production, abnormal polyps, and other visible indicators of damage to a 

portion of a coral, coral community, or tubeworm colony. We will identify this subset of 

photographs in the final report. 

 

 

1) Before the field effort commences, a report to the Deepwater Benthic Communities 

(Deep Coral) TWG and Water Column TWG on the planned cruise track and sampling 

stations, with the expectation of input that can be incorporated into an adaptive site 

selection plan. 

2) Immediately after the field work, copies of all images acquired, navigation data, and 

image metadata with appropriate chain of custody as described in Section 3.1 above.   

3) Within one week of the end of the field effort, a quick look expedition report that will 

include: 

a.  The daily reports from the cruise; 

b.  A map of the Leg 1 and Leg 2 cruise tracks; 

c. Summary table of sites visited and numbers of images collected at each; 

d. Maps of Sentry and TowCam camera survey tracks accurate to within +/- 5 meters 

for each site visited; 

e. Sentry mapping data and preliminary bathymetric maps; 

f. A summary from first review of images to include obvious hits with respect to 

high-density megafauna communities; and any evidence of impacted sites. 

4) Within three months of the end of the field effort, a final report on the project 

summarizing all findings from the photographic documentation will be delivered that will 

include: 

a. Maps and tables showing all data considered in site selection; 

b. A table of the initial selection of highest potential sites (before visitation), with 

notes on each site (potentially 30 – 40  potential sites to choose from, see 

appendices); 

c. Catalog databases including all images sortable by time-stamp, image content tag, 

latitude, longitude and depth.  The content tags will include images with potential 

coral substrate (boulders), colonial cnidarians (including hard, gorgonian and 

black corals), vestimentiferan tubeworms, mussel beds, other significant 

megafaunal communities, fish, holothurians, and crustaceans.  

d. Track maps for each survey identifying locations of colonial cnidarians and seep 

megafaunal communities. 

e. A summary of the sites visited and our evaluation of the megafaunal communities 

present at the locations of potential hard-ground sites.  

f. Examples of typical and exceptional pictures from each site; 

g. Bathymetry images derived from the post-processed multibeam data 

h. Identification of images of sufficient quality for possible visual damage 

assessment. 



 

 

Note that we will go to sea with an adaptive sampling plan and could visit up to 20 sites.  

However, the numbers of sites visited and the quality of the track lines and number of images 

collected at each site may be impacted by weather.  This effort can be conducted during the 

average sea state found in the Gulf of Mexico in April/May, but if the sea state exceeds that 

which we deem safe for over-the-side work, we will have to temporarily suspend operations.   

The AUV Sentry and TowCam camera systems are scheduled to arrive in Pascagoula, MS on or 

about April 20, 2011.  We propose 4 days to mobilize the vehicles on the ship and to sail on April 

24 on leg one of the cruise.  The first leg will be dedicated to multibeam mapping with Sentry 

and opportunistic camera surveys with TowCam, beginning in the vicinity of Macondo well-head 

and working out through other sites in the priority order determined prior to the cruise.  The first 

leg will return to the dock on May 6 for an exchange of scientific personnel.  The second leg will 

begin on May 7 and is expected to focus primarily on photo-surveys with both vehicles, but can 

also continue to multibeam map additional sites with Sentry if required, depending on cruise 

priorities and success in finding appropriate sites for photo-surveys during the first leg.  The 

second leg will return to the dock on May 20, for demobilization of Sentry and TowCam.   

NOTE:  All cruise participants are not listed at this time, only the leaders of the different efforts.  

We will need additional experienced personnel from each team to work together to accomplish 

all proposed work at sea with limited bunks. 

 

 Dr. Chuck Fisher, Pennsylvania State University, Project Manager, Chief Scientist on  leg 

one, post cruise analysis and reporting. 

 William Shedd, BOEMRE, site selection and dive planning. 

 Dr. Harry Roberts, Louisiana State University, Geology, pre-cruise site selection. 

 Dr. Timothy Shank, WHOI, Biology, pre-cruise planning, Chief Scientist on leg two, 

post-cruise analysis and reporting. 

 Dr. Christopher German, WHOI, Chief Scientist for the National Deep Submergence 

Facility that operates the Sentry AUV, post-cruise analysis & reporting. 

 Dr. Dana Yoerger, WHOI, Sentry expedition leader; post cruise analysis and  reporting. 

 Dr. Daniel Fornari, WHOI, TowCam shore side oversight. 

 

 

Provision shall be made for a sufficient number of BP scientists/representatives to participate in 

field efforts, site selection and image review during proposed working hours.  The BP scientist 

participation will include real-time examination of data as they are acquired, and consultation in 

adaptive sampling decisions.  For 24 hour operations on the first leg of the cruise, provision will 

be made to accommodate two BP representatives.  On the second leg of the cruise, due to limited 

space on the vessel, it is anticipated that only one BP representative will be present.  If only one 

BP representative is in attendance, no significant decisions concerning site selection will be 



 

made without consultation with the BP representative on board.  Failure by BP to provide 

representatives with all appropriate safety training and/or documentation required by the vessel 

will not delay departure or limit on-board activities. 

A HASP binder containing all health and safety protocols is provided to each vessel.  Deep Tow 

Guidelines for the TowCam System are included in Appendix 11.  The NOAA Health and Safety 

Plan is provided in Appendix XII.  Principal investigators merge these safety plans with any 

applicable university or participating organization practices.  All well-established safety 

protocols will be followed.   

 

 

Costs are estimated, based on use of a NOAA research vessel. Mobilization and demobilization 

of the vessel will be conducted jointly by NOAA and its contractors and CSA in Pascagoula, MS. 

CSA will also provide the Sentry AUV and TowCam (including the operations teams for this 

equipment) through subcontract to the Woods Hole Oceanographic Institute (Task 2, Item 2). 

Vessel costs include NOAA crew members’ labor. Costs are detailed below. 

 

 

Dr. Harry Roberts  $   

Dr. Chuck Fisher $   

Mr. C. Kaiser (Sentry) $   

Dr. D. Yoerger (Sentry) $    

Dr. Timothy Shank $   

Logistics support tech $   

 

Travel 

Site selection meeting at BOEMRE in New Orleans 

$10,000 

 

Subtotal for Task 1 $46,000 

 

 

 

1. Ship Costs (including labor) 

a) Mobilization/Demobilization of Vessel $250,000  

b) Charter of vessel (including shore-side support) $850,000 

c) Standby/Rest Day Costs $215,000 

 

2. Facilities costs (to be subcontracted through CSA) 

Sentry AUV system and TowCam system  

(including mob, 27 days at sea, and demob; inclusive of labor) $1,300,000  



 

 

3. Other personnel costs 

   

 Fisher,  $24,000 

 Shank, $24,000 

 2 Post Doctoral scholars- $16,000 

 Shank student )  $8,000 

 7 biologists-  $33,600 

 Fisher technician-  $6,000 

 

4. Other Travel 

 

Travel for other personnel to join each leg of research cruise  

13 people at $1000 each (10 scientists, 2 TowCam, 3 mob-only engineers) $13,000 

  

5. Supplies 

 

Hard drives 10 TB per set (1 set each for Shank and Fisher) $4,000  

 

Subtotal for Task 2    $2,743,600 

 

Task 3. Post cruise analyses and reporting 

 

Dr. Timothy Shank  $30,000 

Dr. C. Fisher $30,000 

Shank Technician (assist), WHOI $30,000 

Shank student $10,000 

Shank Post doc $10,000 

Fisher Technician $8,000 

Fisher student $3,000 

Dr. Christopher German  $25,000 

Dr. Dana Yoerger $30,000 

Carl Kaiser $20,000  

 

Subtotal for Task 3                                                                         $196,000 

 

TOTAL PROJECT BUDGET    $2,985,600 

 

The Parties acknowledge that this budget is an estimate, and that actual costs may prove to be 

higher.  BP's commitment to fund the costs of this work includes any additional reasonable costs 

within the approved scope of this work plan that may arise. The trustees will make a good faith 

effort to notify BP in advance of any such increased costs. 
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Appendices: 

 

Appendix 1. Summary of results  from NRDA Photo Reconnaissance Survey of Hardground 

Macrofauna Communities in the Vicinity of the Deep Water Horizon Spill Site, with notes 

from Dec. 2011 recon with Sentry and Alvin at selected sites. 

Appendix 2. Sites identified by the New Orleans Expert Meeting on Sept., 22, 2010 for the 

Recon 1 drift camera cruise, including back up sites and selection criteria. 

Appendix 3.  Additional sites identified during the Dec 1 meeting at BOEMRE in New Orleans 

with selection criteria. 

Appendix 4. Vessel: NOAA R/V McArthur II 

Appendix 5. WHOI Sentry AUV Technical Specifications 

Appendix 6.   WHOI TowCam Technical Specifications 

Appendix 7. WHOI Sentry AUV Shipboard Requirements 

Appendix 8. WHOI TowCam Shipboard Requirements 

Appendix 9. Aquatracka Specifications 

Appendix 10. An example of Eh data collected from the Gulf of Mexico showing the stability of 

the background reading and response to passing over an active cold seep site (as confirmed 

from bottom photographs)  

Appendix 11.  Deep Tow Guidelines for the TowCam System  

Appendix 12. NOAA Health and Safety Plan 




