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NRDA Deepwater ROV Sampling to Assess Potential Impacts to Hardbottom 
Coral Communities and Associates from the Deepwater Horizon Oil Spill 

Deepwater Benthic Communities Technical Working Group 

January 30, 2013

1.0 Background and Objectives
The MC252 oil spill introduced liquid and gaseous hydrocarbons, as well as dispersants and 
drilling muds into the Gulf of Mexico (GOM). The seafloor environment in the vicinity of the 
MC252 spill site may have been adversely affected through a variety of contaminant transport 
pathways. Hard substrate is uncommon relative to soft substrate in the northern GOM, but can 
have distinct associated communities. Megafaunal communities associated with hard-bottom 
include chemosynthetic seep communities (including foundation species such as tube worms) 
with life spans that can exceed 250 years (Bergquist et al. 2000; Cordes et al. 2007) and 
deepwater mussels (Fisher et al. 2007), as well as deep-sea coral communities (e.g., framework- 
forming scleractinian coral species such as Lopheliapertusa or Madrepora oculata, and/or 
antipatharian and gorgonian corals, sponges, and other associated taxa (Brooke and Schroeder 
2007; CSA 2007; Cordes et al. 2008; Shank 2010)).

Preliminary observations and measurements from prior cruises have noted the presence of 
flocculent material and dense/coarse particles in bottom sediments at several deepwater locations 
near the DWH well-head and within the paths of oil movement predicted by NOAA models. In 
addition, investigations during a recent BOEMRE/NOAA Ron Brown Cruise, conducted from 
October 14* to November 4* 2010, discovered a brown tlocculent-like layer covering a hard 
bottom coral community including corals in the genera Paramuricea, Swiftia, Paragorgia^ as 
well as (Asteroschema) brittle stars, (Actinaria) anemones, and (Chaceon) geryonid crabs located 
seven miles to the southwest of the Macondo wellhead. Additional hard bottom communities 
have been discovered nearby yet the potential impact of the spill on these communities remains 
not fully examined. Specifically, the NRDA drift camera. Sentry AUV, and AUV Well 
Abandonment cruises identified a number of hard substrate sites in the vicinity of MC252, which 
may have been exposed to oil or dispersants, or other potential direct or indirect adverse 
ecological effects attributable to the MC252 oil spill, based on their proximity to the wellhead.

The primary purpose of the proposed study is to conduct follow-up high resolution imaging and 
sampling at these newly-identified deep-coral communities. In addition, we propose to re-image 
and sample previously surveyed sites, collect and redeploy for two weeks a time-lapse camera 
system deployed previously at the MC 338/294 site, and recover a sediment/larval trap from VK 
826. In addition to these imaging efforts, analytical sampling will be conducted for purposes of 
exposure and injury assessment. The specific objectives of this cruise plan are detailed below.

Objective 1: To obtain high-resolution imagery to document community structure, 
composition and species distributions of corals and associates.
At sites with sufficient coral densities we will collect images and construct a down looking 
photomosaic of the area(s) (up to two per site, if  appropriate) with the highest density of coral
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colonies at that site. At these and other sites, we will establish at least five marked locations 
where individual coral colonies will be imaged from a vertical perspective. To the degree 
possible within reasonable time constraints, all coral colonies within the hardground area will be 
imaged. Order of coral imaging will be based on ROV bottom starting location and coral colony 
encounters.

Objective 2: Obtain high-resolution photography of any recently deceased biota exhibiting 
pathologies and other abnormalities.
High quality digital and HD video imaging of coral colonies and associates will be collected for 
species identification and visual assessment of animal condition, including individual behavior 
and occurrence of associated fauna.

Objective 3: Collect coral and associate samples for species identification, hydrocarbon and 
dispersant analyses, histopathological analyses, and aging analysis.
The dominant corals (i.e. species of Paramuricea) and indicator species-specific associates (such 
as the commonly associated brittle star Asteroschema clavigerum, and/or other abundant species 
such as Chaceon crabs and holothurids) will be collected as time and resources allow. Small 
fragments of coral colonies (including both healthy-looking colonies and any that exhibit signs 
of potential impact) will be taken for species identification and histopathological analyses. A few 
larger pieces of coral colonies will be sampled from each site for hydrocarbon and aging 
analyses. Entire specimens of associated and other mobile fauna will be collected and 
subsampled for species identification and hydrocarbon analyses.

Objective 4: Collect sediment and sediment-dwelling biota for analysis of potential MC 252 
hydrocarbon and dispersant concentrations and oil identification, to measure population 
densities of sediment dwelling fauna, and quantify potential lesions and other pathologies 
in the sediment-dwelling biota.
Sediment cores for macrofaunal and meiofaunal community analysis will be collected adjacent to 
hardbottom communities. Community abundance, composition, and diversity of the infauna will 
be quantified in the cores. The biota will be examined for lesions and other visible pathologies 
that may be diagnostic of exposure to the spill. Hydrocarbon and dispersant analyses of the 
sediments will be consistent with and complementary to the overall NRDA sediment studies to 
quantify potential oil contamination and identify the source of the oil and will follow the 
protocols of the NRDA QAP Version 2.2 (NOAA 2011).

Objective 5: Recovery and download of images from the time-lapse camera at MC 33S\
The time-lapse camera will be relocated, moved away from the site and released by the ROV for 
surface recovery and download of images. The Camera system will be serviced, batteries 
replaced, and redeployed for the duration of this cruise. It will be collected and images 
downloaded again before the end of the cruise. See NRDA Deepwater Benthic Communities 
TWG Time Lapse Camera and Sediment Trap Retrieval and Redeployment Plan for details.

' For clarification the site referred to as MC 338 is the same location as site MC294/338 in the plan. This is one 
hardbottom location and the timelapse camera is geographically located within lease block MC 294.
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Objective 6: Recovery, sample collection, and processing from sediment/Iarval trap 
deployed at VK 826.
The sediment trap deployed on March 12, 2011 at VK 826 will be recovered and the samples 
processed for analyses as described in NEDA Time Lapse Camera and Sediment Trap Retrieval 
and Redeployment Plan^.

2.0 Study Area and Methods
Below is a narrative with details of the study area, and methods for this cruise.

2.1 Study Area
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 potential targets were identified from the BOEMRE 
data base and surveyed using a drift camera during the NRDA Recon I  - Drift Camera cruise, 
conducted in 2010. Additional potential coral habitats were surveyed during a previously 
planned non-NRDA BOEMRE/NOAA research cmise aboard the NOAA Ship Ron Brown, and 
an NSF RAPID cruise with Alvin. Two new sites with coral communities were identified and 
surveyed during these two cmises. Subsequently, during the A f/F Reconnaissance Survey II  o f  
Hard-Ground Megafaunal Communities in the Vicinity o f  the Deepwater Horizon Spill Site 
cruise, six additional potential coral habitats were identified that appeared to host colonial 
cnidarians using the Sentry AUV. One additional site hosting corals was present in areas 
surveyed by BP during the abandonment AUV survey that used a Hugin AUV. O f these 26 
potential sites identified for potential detailed investigation with ROV, 13 sites were identified 
and prioritized for visitation under this work plan (see Figure 1 and Table 2, below), through in- 
person consultation between BP and Trustee representatives.

Specifically, the sampling strategy under this work plan will be to target the sites closest to 
Macondo first and then work out from the DWH site. In addition to newly-identified sites 
referred to above, we will make one dive to each of the known coral sites within 15 nm of 
Macondo to re-image the corals identified previously. We will visit sites to the southwest that are 
further from Macondo because this is the direction that the subsurface oil may have traveled, 
based on currently available data and NOAA models. Two additional sites at shallower depths 
(described below) will be visited to continue our monitoring of the Lophelia reefs 20 to30 miles 
to the north of Macondo in the Viosca Knoll region. Each of the 13 sites to be visited is 
discussed in greater detail below.

The first set of sites includes those that have been previously visited and sampled:

• MC 338/294, the site discovered to have potential adverse impacts on the BOEM/NOAA 
OER funded ROV Jason cruise in Nov 2010. This site has well-documented

 ̂This woik plan does not address, or include costs for, analysis or interpretation of collected samples. The budget in 
this work plan only covers collection of the sediment trap deployed previously on a NRDA cruise, and proper 
handling of the samples. Anticipated analyses include hydrocarbon analyses should an analytical technique for 
measurement of low mass samples become available to the Trastees, as well as larval analysis.
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Paramuriceid and other corals and is also the location where the time-lapse camera 
system is deployed.

• MC 118, the site of the established BOEM/NOAA hydrate observatory. This site contains 
both Paramuriceid gorgonians and Madrepora oculata hard corals. Conflicting reports 
exist about potential impacts to this site.

• MC 388, a site discovered during the NRDA drift camera survey cruise, surveyed by the 
AUV Sentry and subsequently visited with the HOY Alvin in December, 2010. This site 
contains an area of Paramuriceid corals and associates as well as nearby seep 
communities.

• AT 357, discovered during the 2010 HOS Davis 3 cruise. Although quite distant from the 
Macondo well head, this site contains an area of high-relief carbonates and numerous 
Paramuriceid corals and associates that were reported to be “covered with sediment”, but 
have not been previously sampled or imaged in high resolution.

The next group of sites was discovered on the 2011 AU V Reconnaissance Survey I I  o f  Hard- 
Ground Megafaunal Communities in the Vicinity o f  the Deepwater Horizon Spill Site:

MC 297 (within 10 km to the south of Macondo) contains carbonates and seeps and has 
one area where gorgonian corals are abundant in the Sentry AUV images.

• MC 338 (within 10 km to the southwest of Macondo) lies to the south of the previously 
studied MC 338/294 site and contains numerous carbonates, some of which were imaged 
with gorgonian corals.

• MC 555 (further to the southwest of Macondo) contains several exposed carbonates and 
what appear to be gorgonian corals colonizing these outcroppings. This site was not 
surveyed by the Sentry AUV and is largely unexplored, however long-line fishing line in 
the images will be a consideration when planning an ROV survey.

• MC 506/507 (further to the southwest of Macondo) has one outcropping boulder that was 
imaged with several corals colonizing it, and the bathymetric data suggest other targets in 
the vicinity.

• MC 036, MC 159/203, and MC 257 each contain some evidence of carbonates; and at 
least a few apparent coral colonies were imaged by the Sentry AUV or Tow Cam at each 
site.

In addition to these sites, we plan to revisit the Lophelia sites of the Viosca Knoll region (VK 
906 and 826) where Drs. Fisher, Cordes and Shank established permanent monitoring sites 
during the BOEM- and NOAA OER-funded Lophelia II cruise in 2009. These sites contain the 
most dense and largest, natural, deep-water Lophelia reefs known in the central Gulf of Mexico. 
These sites were revisited post-spill on the NRDA-funded Nancy Foster cruise in July 2010 and 
the BOEM- and NOAA OER-funded Ron Brown-Jason cruise in October, 2010 (on which 
NRDA samples were collected); and no apparent visual sign of potential impact to the corals or 
communities was evident at that time. Continuation of the monitoring effort on this cruise will 
assess any visible changes in the monitored corals that may have manifested since 2010.
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Figure 1. Map of Study Sites for ROV Survey Under this Plan
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Map Number Date Site Lat Long i
1 10/3/2011 MC294/338 28.672280 -88.4764701
2 10/4/2011 MC297 28.695890 -88.344980
3 10/5/2011 MC294/338 28.672280 -88.476470;
4 10/6/2011 MC 388 28.633020 -88.1695201
5 10/7/2011 MC297 28.695890 -88.34498of
6 10/8/2011 MC036 28.936200 -88.2035101
7 10/9/2011 VK906 29.069565 -88.3771481
8 10/11/2011 AT 357 27.586540 -89.704500
9 10/12/2011 (AT 357) VK 825 29.158074 -88.016854
10 10/13/2011 MC506/07/906 28.485515 -88.850907
11 10/14/2011 MC 555 28.425048 -88.618365
12 10/15/2011 MC118 28.851792 -88.492293
13 10/16/2011 MC 338 new 28.664084 -88.470355
14 10/17/2011 MC 159/203 28.800000 -88.630000
15 10/18/2011 MC 257 28.716800 -88.109960
16 10/23/2011 MC294/338 28.672280 -88.476470
17 10/24/2011 VK826 29.158074 -88.0168541
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2.2 Methods 

2.2.1 Generalized dive plan

At each site visited, the ROV will be lowered near the position of the highest-density coral site 
previously documented. Sites will be located using a combination ofUSBL navigation and 
onboard sonar. Once corals are located, a marker will be deployed and the immediate area 
(surrounding 100 meter area) surveyed with sonar and visually as appropriate to provide an 
overview of the site. At this point photographic surveys will begin. Photography will focus on 
the overall documentation of the site, visual assessment of the condition of corals and associates, 
the construction of down-looking mosaics of area(s) with a high density of coral colonies and 
forward-looking imagery of as many corals as possible given time constraints and their 
accessibility with the ROV. Additional markers will be deployed as needed to assure individual 
coral colonies can be relocated reliably. Coral and associate samples will then be obtained, with 
at least one coral in the area sampled in its entirety and smaller samples of coral branches and 
associates obtained for species identification and pathological studies. A series of nine push 
cores will also be taken within 1 m adjacent to each hardground site where corals are observed 
and sampled. To the degree possible within reasonable time constraints, all coral colonies within 
the hardground area will be imaged. Order of coral imaging will be based on ROV bottom 
starting location and coral colony encounters.

2.2.2 Image collection

We will use a down-looking digital still camera to collect overlapping images of one or two 
marked areas of between 100 and 150 square meters within each site if areas with sufficient coral 
colony density tojustify this approach exist (areas of this size with >5-10 colonies present) or for 
habitats with Lophelia or Madropora species, which are especially amenable to such 
characterization. We will produce a photomosaic of these areas that will be used to document 
the locations and numbers of different corals and types of attached fauna at the site. This 
photomosaic may be used to characterize the community, and inform other aspects of this study 
(e.g. calculate mosaic area, enumerate corals within mosaic area, clearly differentiate and map 
specific colonies, identify megafaunal associates, etc.). Physical markers of known dimension 
will be deployed before image acquisition to facilitate navigation and re-occupation of the sites 
as well as to provide scale in the images. The mosaics will be geo-referenced using USBL data 
used to locate the area. Further, Doppler navigation data may be used for relating images and 
adding scaling information. In situations where smaller numbers of coral colonies are present, 
and full mosaics are not justified for purposes of coral colony mapping, only markers will be 
deployed.

We will also collect imagery from a vertical perspective of at least five coral colonies at each 
site. If  all colonies appear to be unimpacted, at least five colonies that represent the size range of 
corals at the site will be selected and imaged. If  there is visual evidence of possible impact (e.g., 
abnormal pathologies or cover on the corals, associates with abnormal coloration, pathologies, or 
animals exhibiting abnormal behavior), then as many colonies at the site as possible will be 
independently imaged within the planned dive time. This will include both potentially impacted 
and apparently healthy colonies. Colonies will be imaged as they are discovered whether 
potentially impacted or not in all areas; except at AT 357 where thousands o f colonies are
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present and, as a result, colonies in different areas will be imaged. We will deploy additional 
markers as appropriate to assure that all such colonies imaged could be relocated for possible 
follow up studies and differentiated from newly discovered colonies on possible follow up 
studies. We will include colonies with the dominant host- associate relationships common to 
that site. Both high-resolution (HD) video and digital still imagery will be collected whenever 
possible while maintaining a recorded heading and distance from the image target. At least two 
images of each colony will be acquired. For larger colonies, the entire colony will be imaged 
with HD video and digital still camera in a close up mode (with a field of view on the order of 10 
X 10 cm) and a higher resolution mosaic of the colony produced from these images. Care will be 
taken to acquire a close up image of each associate on the coral to assess species identification, 
individual position, and coloration.

2.2.3 Analysis of imagery of coral associates
Coral associates will be identified by morphology, assigned an ID and host substrate ID, and 
counted. Assigned morpho-species designations will be based on previous imaging surveys.^

2.2.4 Coral and associate sample collection

An average sized coral colony (i.e., neither the largest nor smallest) from each site will be 
collected in its entirety into a temperature-insulated biobox on the basket of the ROV, along with 
all of its associates. The coral specimen will be used for age and growth studies (see NRDA Tier 
1 for Deepwater Communities-Addendum Plan for Coral Aging), and subsamples of the coral 
along with its associates will be used for hydrocarbon analyses, histology, and genetic 
identification. If  potentially impacted corals (i.e., corals with potential injury based on visual 
inspection of real-time ROV video) are found at the site, one of these will be targeted. In 
addition, the ROV will be equipped with a series of custom-made individual sample containers, 
“quivers,” that will allow for a large number of discrete collections to be made at each site. In the 
last few years, these containers have been used with the ROV Jason to collect pieces of up to 30 
individuals per species at discrete locations on the seafloor on a single dive (pieces from multiple 
species can be placed in the same quiver, if  they are easily distinguishable). Individuals 
encountered for which visual identification is inconclusive will be sampled into one of these 
quivers.

All sample containers will be cleaned and sealed at the surface. The biobox, quivers, and 
stoppers will be washed in an Alconox solution and rinsed with de-ionized water prior to each 
dive. Immediately prior to deployment of the ROV, the quivers that are to contain samples for 
hydrocarbon analysis will be filled with DI water and the stoppers placed over them at the 
surface. The biobox will be filled with fresh water and closed. A reference blank of the 
freshwater used to fill the biobox will be provided and analyzed for hydrocarbons. The biobox 
and this subset of the quivers will be sealed to prevent contamination of any hydrocarbons in the 
water column or during transit through the water column or along the seafloor. Following 
recovery of the submersible, the sample quivers will be removed and transferred to a 
temperature-controlled lab van for processing. Each coral and associate will be photographed

 ̂It was originally anticipated that size measnremcnts of coral associates would be made; however the equipment 
necessary to eonduet such measurements (ROV-mounted lasers) were not working on board. As such, no 
absolute measurements of associate size could be made.
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and a preliminary morphological identification completed. Each individual will also be carefully 
examined for signs of injury including discoloration, loss of tissue, tissue aberrations; and for 
corals, enlarged sclerites, and excessive amounts of mucous. They will also be examined in-situ 
and upon recovery for the presence of foreign material, such as the brown substance first 
observed on the corals at MC 338/294 in November. If  present, this will be preserved for 
possible hydrocarbon analyses.

2.2.5 Push core collection

Sediments will be collected using discrete push cores (6.35 cm internal diameter) capable of 
collecting sediment to a depth of approximately 30 cm. Eighteen sediment push cores will be 
mounted to the ROV sled during each deployment. Up to two coral stations will be visited at 
each site. At each coral station within a site, a total of nine cores will be collected for the 
following analyses: three cores for the analysis of macrofauna and meiofauna, two cores for 
hydrocarbons (one for immediate analysis, one for archiving), one core for metals, two cores for 
sediment properties (total carbon, total organic carbon, total inorganic carbon, total nitrogen, 
grain size. Eh, temperature, and pore-water salinity) and one as a backup to be used as needed for 
above analyses or processed as a duplicate hydrocarbon core. Cores will be analyzed according 
to the methods described below.

2.2.5.1 Sampling and Analysis of Macrofauna and Meiofauna

At each coral station (up to two stations per dive), three sediment push cores will be collected in 
soft sediments within one meter from the corals and processed for the analysis of macro- and 
meiofauna. There will be a total of 56 cores collected for macrofauna and meiofauna. Each 
sediment core will he extruded and sectioned (for both macrofauna and meiofauna: 0-1, 1-3, 3-5, 
5-10, 10-15 cm (archived)), and preserved at sea in 10 percent buffered formalin. Upon return to 
the laboratory, samples will be stained with Rose Bengal. Separate cores for meiofaunal and 
macrofaunal analysis will not be collected.

Sediment analysis for macro- and meiofauna community composition will be performed at 
USGS-Gainesville under the supervision of Dr. Amanda W.J. Demopoulos. Upon return to the 
laboratory, sediments will be sieved on a 0.3 mm and 0.045 mm sieves for macrofauna and 
meiofauna, respectively. Infauna from these sites will be identified to the lowest possible 
taxonomic level and quantified. Quantifying the macrofauna and meiofauna from the same core 
will enable an assessment of the entire community within that core. Benthic variables that may 
be calculated for each replicate core sample are as follows:

1. Infaunal abundance (total number of individuals per site),
2. Infaunal density (total number of individuals per m^),
3. Densities of key taxa, and
4. Diversity, including:

a. Speciesrichness (Margalef sD ),
b. Taxa diversity (Shannon’s Index H’), and
c. Evenness (Pielou’s Index J’).

Infauna also will be examined for potential visible abnormalities, including oil-coated 
appendages, decaying or sloughing tissue, lesions, or incidence of empty shells or other animal 
parts.
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2.2.S.2 Sampling and Analysis of Sediment Properties

Two cores from each of the coral stations will be analyzed for the following sediment properties: 
total carbon (TC), total organic carbon (TOC), total inorganic carbon (TIC), total nitrogen (TN), 
and grain size. Sediment from each core will be extruded and divided into vertical sections (0-1 
cm, 1-3 cm, 3-5 cm, and 5-10 cm). Sediments for analysis of elemental carbon and nitrogen (TC, 
TOC, TIN, TN) will be placed into clean 4-oz glass jars, with Teflon lid liners and stored at - 
20°C. Samples for grain size will be placed in whirl-pack bags and stored at 4°C. TC, TOC, TIC, 
and TN content of dried samples will be determined using a CHN (Carbon/Hydrogen/Nitrogen) 
analyzer. For grain size analyses, standard sieve and hydrometer methods will be used (as 
described in ASTM D-422) to determine the relative percentages of various particle size 
fractions based on the sediment classification procedures of Folk, 1974. Results will be reported 
as percent gravel, sand, silt, and clay to maintain consistency and facilitate comparisons to other 
pre-spill benthic studies in the region (Rowe and Kennicutt, 2008, 2009; CSA 2006). 
Temperature, pH, and oxidation-reduction potential (ORP) will be measured in the field using 
separate pH and ORP electrodes.

2.2.6 Coral and Associate Identification

The majority of corals and associates present at each site will be identified from imagery based 
on morphology. At least one individual of each dominant species from each site will be collected 
for genetic confirmation of the visual identification. If corals or associated species are 
encountered for which visual identification is inconclusive, these individuals will also be 
sampled for genetic identification. We will use a range of tissue, DNA, and RNA preservations 
(including a high-salt buffer and freezing at -80°C) to assure high quality samples are available 
for genetic identification and for potential future molecular-based analyses. DNA will be 
extracted using standard protocols (i.e. Qiagen DNeasy kit). Standard barcoding genes (e.g., 
m tCO/and 16s for ophiuroids and corals, plus msh for the octocorals) will be sequenced and 
should be sufficient to confirm the identification of the associate species and most corals.

2.2.7 Histopathological Analysis
Dr. Esther Peters"* will provide tissue processing and histological analysis of 38 specimens of 
octocoral and black coral colonies (Cnidaria: Anthozoa: Alcyonacea and Antipatharia, 
respectively). The 38 specimens for this analysis will include a mix of samples from colonies 
with live and apparently healthy polyps present over the entire colony and colonies with areas of 
either no polyps, dead tissue, or potentially impacted tissue (i.e., discolored tissue, excess 
mucous production, coverage by unidentified material, etc.), if  available. More than one species 
may be collected, and more than one colony that is not covered by live and apparently health 
polyps may be collected for independent replicates if  space and time permit. Each specimen (a 
single colony) will be subsampled for the analyses, to include portions of branches (3 or more) 
for histopathology. The samples will be fixed at sea in a formaldehyde-based fixative (1 part Z- 
Fix Concentrate mixed with 4 parts seawater). Dr. Amanda Demopoulos of USGS will provide 
the fixed samples to Dr. Peters under chain-of-custody and will be the point of contact for the 
agency. Dr. Peters will perform all laboratory tasks and the slide reading and report preparation.

 ̂BP/Cardno ENTRIX reserves tlie right to have a representative at Dr. Peters’ lab during sample analysis. 
BP/Cardno ENTRK will be notified in advance before any lab analyses take place.
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All samples will be logged in to the George Mason University (GMU) Histology Lab and 
assigned a unique consecutive number for each specimen. The subsamples from each specimen 
will have a capital letter designation (A, B, C, etc.). For example, if  two branches were received 
in a single sample container, they would be separated and labeled with a “ -A” and -B ” suffix, 
respectively. Each sample will be photographed with a digital camera to record its condition. The 
image files will be named and worksheets prepared with the images to indicate where each 
branch is trimmed for processing. Branches will be trimmed to 2.5 -cm lengths with a razor blade 
and placed in plastic cassettes labeled with the unique log-in number. Up to five cassettes will be 
prepared with subsamples from branches for each apparently healthy specimen. Specimens 
identified as “suspect diseased” will have up to 10 cassettes prepared, up to 5 from branch areas 
without tissue loss and up to 5 from branch areas with tissue loss. The total number of cassettes 
to be prepared will depend on the number of specimens and subsamples obtained during the 
cruise. The subsamples of branches from areas with tissue loss will be enrobed in 1.5% agarose 
or agarose/gelatin medium to protect fragile tissues during processing. All cassettes will be 
placed in a solution of 10% ethylenediaminetetraacetic acid adjusted to pH 7 to remove the 
calcium carbonate sclerites from the tissue, then rinsed in running tap water for 30 minutes and 
stored in 70 percent undenatured ethanol.

Subsamples will be processed through dehydrating and clearing agents and embedded in 
paraffin. These blocks will be sectioned with a rotary microtome and two 4 -6  pm-thick sections 
will be mounted on each microscope slide, with two slides prepared per section. After drying, 
one slide from each block will be stained with Harris’s hematoxylin and eosin procedure. Dr. 
Peters will examine the slides and determine which additional slides should be treated with 
special stains to demonstrate particular features. Based on her experience, a trichrome stain, such 
as Heidenhain’s aniline blue for connective tissue and modified Movat’s Pentachrome or 
Periodic Acid-Schiff/Alcian Blue procedures for demonstrating mucus may be appropriate, but 
others may be necessary.

Dr. Peters will perform the histopathological examinations of the histoslides using light 
microscopy to assess the condition of the corals, record lesions, locations and distribution (focal, 
multifocal, of diffuse), and their severity or intensity on a ranking scale from 0 (not present) to 5 
(severe), and take photomicrographs for documentation.

2.2.8 Hydrocarbon, Metal, and Dispersant Analysis

Sediment cores and invertebrates will be collected at eacb of tbe sites for hydrocarbon analysis. 
Two sediment cores will be collected from each of the coral stations (up to 2 stations per dive), 
extruded and divided into vertical sections (0-1 cm, 1-3 cm, 3-5 cm and 5-10 cm deep). 
Sediments will be placed into clean glass jars with Teflon lid liners, invertebrates will be placed 
in either clean glass jars or wrapped in solvent rinsed foil, stored onboard sbip at -20 °C (see 
Table 1), and transported to the analytical chemistry contractor (Alpha Analytical Laboratory) 
for extraction and analysis of hydrocarbons using approved NRDA QAP chemistry analysis and 
laboratory methods Tbe following measurements should be included; total petroleum 
hydrocarbons (TPH), also known as total extractable hydrocarbons (TEH), PAHs including 
individual parent and alkyl bomologues, saturated hydrocarbons including alkanes and 
isoprenoids; and oil finger-printing diagnostics. Analyses should follow the methods provided in
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the NOAA MC 252 Analytical Quality Assurance Plan/Version 2.2 (NOAA 2011). One of these 
cores will be archived for future analysis, as needed.

One core from each coral station (up to four replicate cores per site if  sampling allows: two cores 
per dive, two dives per site) will be collected and analyzed for metals (e.g., silver, barium, 
cadmium, mercury, lead, nickel, vanadium, and zinc) that are common constituents of drill 
cuttings and drill muds (Kennicutt et al. 1996) and potential indicators of Corexit 9500/9527 
dispersant (e.g., diotylsulfosuccinate sodium salt, Dipropylene Glycol n-Butyl Ether). These 
analyses will be performed by the Trustees’ analytical chemistry contractor using approved 
NRDA QAP methods. As with the cores for hydrocarbon analysis these sediment cores will be 
divided into 4 vertical sections (0-1, 1-3, 3-5 and 5-10 cm deep), split evenly for metals and 
dispersant (Corexit) analyses, and placed into clean 4-oz glass jars with Teflon lid liners. 
Sediments for metal and dispersant analyses will be stored on board at -20 °C and shipped frozen 
to Alpha Analytical Laboratory (metal extraction and analysis) and Columbia Analytical 
Services (Corexit analysis), respectively (Table 1).
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Table 1. Preservation, Container, Volumes and Holding Time Requirements for Sediment Analyses

Parameter Lab Method Sediment needed Container Preservation Holding
Time

Pore W ater Analy ses 
(pH, Eh, salinity, 
temperature, and redox 
potential)

Field Method Listed in text 33 ml Disposable field plasticware None NA

Grain Size Demopoulos ASTMD422 33 ml 8 oz whirlpak bags 4C° ± 2° NA

Parent and Alkyl 
PAHs; Saturated 
Hydrocarbons; 
Petroleum Biomarkers

Alpha Analytical EPA 8270D / 
8015

50 ml 8 oz wide mouth glass -20C° 2 years

Metals Alpha Analytical ICP/MS

Cold Vapor (Hg)

10 g wet weight Two 4 oz glass jars 
(8 oz total)

-20C° 2 years

Total Solids EPA 160.3 or 
SM2540

TC/TOC/HC/TN Plumb/9060A

Corexit CAS EC/MS/MS 2 g wet weight 4 oz glass jar -20C° NA

Meiofauna Demopoulos Listed in text Varies by fraction 8 -16 oz wide mouth Nalgene 
bottles

10% formalin 
prior to seiving

NA

Macro fauna Demopoulos Listed in text Varies by fraction 8 -16 oz wide mouth Nalgene 
bottles

10% formalin 
prior to seiving

NA
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3.0 Data Handling/Data Sharing Process

3.1 Non-Aiialytical Data

Copies of all non-analytical data collected in accordance with this plan, including raw data, field 
sheets, and field notes, will be transferred to the NOAA NRDA Sample Intake Team following 
NRDA data management protocols. An identical copy of all documentation will be provided to 
BP and/or its designated representative and the Louisiana Oil Spill Coordinator’s Office 
(LOSCO) within a reasonable timeframe once data intake, QA analyses and data entry 
procedures are complete, but no later than 45 days after the non-analytical data are collected.

3.2 Digital and Shipboard Data

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/Cardno 
ENTRIX. Copies of digital and shipboard data will be made available to the LOSCO and other 
Trustees upon request.

3.3 Analytical Data

Each laboratory shall simultaneously deliver raw data, including all necessary metadata, 
generated as part of this work plan as a Eaboratory Analytical Data Package (EADP) to the 
Trustee Data Management Team (DMT), the Eouisiana Oil Spill Coordinator's Office (EOSCO) 
on behalf of the State of Louisiana, and to BP (or Cardno ENTRIX on behalf of BP). The 
electronic data deliverable (EDD) spreadsheet with pre-validated analytical results, which is a 
component of the complete EADP, will also be delivered to the secure FTP drop box maintained 
by the Trustees' Data Management Team (DMT). Any preliminary data distributed to the DMT 
shall also be distributed to LOSCO and to BP (or Cardno ENTRIX on behalf of BP). Thereafter, 
the DMT will validate and perform quality assurance/quality control (QA/QC) procedures on the 
EADP consistent with the authorized Analytical Quality Assurance Plan, after which time the 
validated/QA/QC'd data shall be made available simultaneously to all Trustees and BP (or 
Cardno ENTRIX on behalf of BP). Any questions raised on the validated/QA/QC results shall 
be handled per the procedures in the Analytical Quality Assurance Plan and the issue and results 
shall be distributed to all parties. In the interest of maintaining one consistent data set for use by 
all parties, only the validated/QA/QC’d data set released hy the DMT shall be considered the 
consensus data set. In order to ensure reliability of the consensus data and full review hy the 
parties, no party shall publish consensus data until 7 days after such data has been made 
available to the parties. Also, the EADP shall not be released by the DMT, LOSCO, BP or 
Cardno ENTRIX prior to validation/QA/QC absent a showing of critical operational need.
Should any party show a critical operational need for data prior to validation/QA/QC, any 
released data will be clearly marked "preliminary/unvalidated" and will be made available 
equally to all Trustees and to BP (or Cardno ENTRIX on behalf of BP).
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All materials associated with the collection or analysis of samples under these protocols or 
pursuant to any approved work plan, including any remains of samples and including remains of 
extracts created during or remaining after analytical testing, must be preserved and disposed of in 
accordance with the preservation and disposal requirements set forth in Pretrial Orders (“PTOs”) 
# 1, # 30, #35, # 37, #39 and #43 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). Destructive analytical testing of oil, dispersant or sediment 
samples may only be conducted in accordance with PTO # 37, paragraph 11, and PTO # 39, 
paragraph 11. Circumstances and procedures governing preservation and disposal of sample 
materials by the trustees must be set forth in a written protocol that is approved by the state or 
federal agency whose employees or contractors are in possession or control of such materials and 
must comply with the provisions of PTOs # 1, # 30, # 35, 37, #39 and #43.

3.4 Chain of Custody

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 
seafloor imagery, including acceptance and release signature for this physical control chain.' 
Original copies of all documentation will be provided to the signatories, or their designated 
representative.

3.5 Reporting and deliverables

Deliverables under this plan include a quick look report and a final report. Attachment 4 
provides a description of the contents of these reports. The Trustee scientists will prepare and 
deliver the quick look report within two weeks of signature of this plan by BP. Within six 
months of signature of this plan by BP, the principal investigators will prepare and deliver the 
final report.^

 ̂Refer to the Work Plan entitled “Teclurical Specifications and Scope of Work/Services for Aerial hnage 
Acquisition and Image Processing in Support of the MC252 NRDA Process, Fall 2010 Through Spring 2012” 
(October 6, 2010 version) for more details and for a copy of the COC form

® As data become available, preliminary results will be made available to the Tmstees and BP simultaneously to 
facilitate preliminary data analyses. For example, it is anticipated that within approximately one month of the 
signature of this plan, raw data from 30 of the 56 cores collected for sediment community analysis will be provided; 
consisting of raw data for the 0-1, 1-3, 3-5, 5-10 cm fractions for macrofanna and 0-1 and 1-3 cm fractions for 
meiofauna. Further, within four months following the signature of the plan, it is anticipated that raw data from the 
remaining 26 cores will be provided; consisting of raw data for the 0-1, 1-3, 3-5, 5-10 cm fractions for macrofauna 
and 0-1 and 1-3 cm fractions for meiofauna. Finally, rvithin approximately six months following the signature o f the 
plan, raw data from the 3-5 and 5-10 cm fractions for the meiofauna from 56 cores will be provided.
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4.0 Logistics

4.1 Cruise Vessel and Schedule
To accomplish the objectives of this cmise, the team will use an ROV staffed for 24 hr/day 
operations. It is expected that it will have the following attributes:

• USBL and Doppler navigation capability with bottom location recording tied into video 
and camera systems.

• At least one manipulator with at least seven functions and the capacity to lift at least 50 
pounds from the sea floor.

• Sufficient basket space to accommodate a biobox, 18 push cores, a digital still camera for 
“manual” use and at least 15 sample quivers with associated physical markers.

• Manipulator arrangement that allows push cores to be taken vertically without 
disturbance of surface layers of the sediment.

• A “coral cutter” fitted to one manipulator.
• Crews experienced with fine scale delicate work in a sedimented environment.
• At least one digital still camera (and preferably 2; one oriented forward on a pan and tilt 

or on the basket for “hand held” use, and one aiming down with associated flash and
HMI lights) and one HD video. All must be capable of producing high quality still
frames for documentation of the species at each site while on the sea floor.

• Lasers scaling system on the pan and tilt with one forward looking imaging system (at 
least 2 lasers, 20 cm apart, parallel to each other and a camera axis).

• A ballasting system allowing work on the sea floor wifhouf excessive disturbance of 
sediment.

To accomplish the objectives of this cruise, the team will use a support vessel, and it is expected 
that it will have the following attributes:

• Staffed and equipped for 24 hr/day surface support for ROV and mooring operations.
• Stable for ROV operations in sea state 5 -6.
• With sufficient berthing for at least 16 scientists in addition to all ROV and Ship crew.
• Berthing and mess accommodations appropriate for science crew working 12-16 hour 

days for 3.5 weeks at sea.
• Computer lab space sufficient for 14 individual work stations with video feeds and 

communication to ROV crews.
• Wet lab space for core processing with sufficient space for a team of 4 scientists, with lab 

benches and sinks.
• Additional lab space for processing biological samples for molecular and classical 

taxonomic analyses and freezing/fixation for histology or other analyses.
• Icemaker for scientific use.
• -80°C freezer for biological samples.
• Walk-in cold room to chill sea water and store samples until processing.
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The cruise will include 22 days on station between October 2nd and October 25* 2011, 
conducted on tbe Holiday Cbouest cruise vessel. Tbe cruise will consist of two legs, with a short 
port stop to exchange personnel approximately half way through. Table 2, below, outlines the 
general cruise schedule by day.

Table 2. Cruise Sehedule
Date Site Latitude Longitude Objeetives
30-Sep-ll Arrive port from previous cruise

1-Oct-11 MOB

2-O ct-ll Depart port

3-Oct-ll MC294/338 28.67 -88.48 Recover camera, begin imaging (test all 
cameras), test coral cutter and push cores.

4-O ct-ll MC297 28.70 -88.34 Explore and constrain site(s), mark sites, test 
down-looking camera, begin imaging, collect 
push cores, limited sampling.

5-Oct-ll MC294/338 28.67 -88.48 Move camera close to site, finish imaging and 
collecting, deploy camera.

6-O ct-ll MC 388 28.63 -88.17 Explore, mark and image known area, visit area 
imaged by Dave Valentine, visit potential area to 
NE, collect PCs and corals.

7-O ct-ll MC297 28.70 -88.34 Finish work at this site.

8-Oct-ll MC036 28.94 -88.20 Explore and constrain site(s), mark sites, begin 
imaging, collect push cores, limited sampling.

9-Oct-ll VK906 29.07 -88.38 Re-image mosaic sites and horizontal imaging 
sites, collect samples as needed, head for port at 
midnight.

lO-Oct-11 Transfer day

11-Oct-11 AT 357 27.59 -89.70 Explore and constrain site(s), mark sites, begin 
imaging, collect push cores, limited sampling.

12-Oct-ll (AT357)VK
826

29.16 -88.02 Finish work at this distant site then move to VK 
826 to collect sediment trap on the way to MC 
506.

13-Oct-ll MC 506/07 28.49 -88.85 Explore and constrain site(s), mark sites, begin 
imaging, collect push cores, limited sampling.

14-Oct-ll MC 555 28.43 -88.62 Explore and constrain site(s), mark sites, begin 
imaging, collect push cores, limited sampling.

15-Oct-ll MCI 18 28.85 -88.49 Visit known gorgonian area at North end and set 
up vertical imaging stations, take push cores and 
samples, visit Madropora at Marker X, re
mosaic, vertical image, push cores.

16-Oct-ll MC 338 new 28.66 -88.47 Explore and constrain site(s), mark sites, begin 
imaging, collect push cores, limited sampling.

17-Oct-ll MC 159/203 28.80 -88.63 Explore and constrain site(s), mark sites, begin 
imaging, collect push cores, limited sampling.

18-Oct-ll MC257 28.72 -88.11 Explore and constrain site(s), mark sites, begin 
imaging, collect push cores, limited sampling.

19-Oct-ll Revisit and finish top-priority sites

20-Oct-ll Revisit and finish top-priority sites

21-Oct-11 Revisit and finish top-priority sites

22-Oct-ll Revisit and finish top-priority sites

23-Oct-ll MC294/338 28.67 -88.48 Recover time lapse, complete imaging, sampling.

24-Oct-ll VK826 29.16 -88.02 Re-image mosaic sites.

25-Oct-ll Return to port
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This plan will be implemented consistent with existing regulations and policies. All applicable 
state and Federal permits will be obtained prior to conducting work.

4.2 Key Personnel

Below are key personnel who will participate in cruise activities. All cruise participants are not 
listed.

• Dr. Chuck Fisher Pennsylvania State University -  Project manager, pre-cruise planning, site 
selection, at sea chief scientist leg 1, mosaic and image acquisition oversight, post cruise 
analysis and reporting.

• Dr. Timothy Shank, WHOI -  Biology. Pre-cruise Planning, coral associate analyses (from 
imagery and samples). Post-cruise Analysis & Reporting.

• Dr. Erik Cordes, Temple University - Biology, Pre-cruise Planning, at sea chief scientist leg 
2, coral identification (from imagery and samples). Post-cruise Analysis & Reporting.

• Dr. Amanda W.J. Demopoulos, USGS - Benthic ecology. Pre-cruise Planning, sediment and 
sediment community sampling and analyses. Post-cruise Analysis & Reporting

4.3 BP/Cardno ENTRIX Participation in Field Efforts

Provision shall be made for a sufficient number of BP/Cardno ENTRIX representatives to 
participate in field efforts, during proposed working hours. For 24-hour operations, 2-3 
representatives may be required.

4.4 Safety Plans

The NOAA NRDA health and safety plan is included as Attachment 1 A HASP hinder 
containing all health and safety protocols is provided to each vessel and includes a study and 
vessel-specific HSE plan (provided by CSA and included as Attachment 2). Principal 
investigators will merge this safety plan with any applicable university or participating 
organization practices. All NRDA and study-specific safety protocols will be followed.

The Pis, vessel operations manager and vessel captain will follow the Best Management 
Practices for the protection of marine mammals and sea turtles as described in Attachment 3.
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5.0 Budget

The budget for the work proposed in this plan is outlined in Table 3, below. 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 
scope of this approved work plan that may arise. All involved parties agree to make a good faith 
effort to notify BP in advance of any such increased costs.

Table 3. Scientific Budget
Team Member 
(Affiliation)

Role Description Estimated
Cost

C. Fisher (PSU) Deep Sea Corals Includes pre-cruise, cruise participation (5 persons), data 
analysis and reporting, travel for 5 persons to join cruise, 
materials, supplies, shipping and overhead

$150,000

I .  Shank (WHOI) Deep Sea Associates Includes pre-cruise, cruise participation (3 persons), data 
analyses and reporting, travel for 3 to join cruise, supphes, 
sequencing, shipping and overhead:

$140,000

E. Cordes (Temple) Deep Sea Corals Includes pre-cruise, cruise participation (3 persons), data 
analyses and reporting (includes one additional technician), 
travel for 3 persons to join cruise, materials, supphes, 
shipping and overhead

$140,000

A. Demopoulos 
(USGS)

Infauna Includes pre-cruise, cruise participation (3 persons), data 
analysis and reporting, travel for 3 persons to join cruise, 
sorting and identification personnel, materials, supphes, 
shipping, report preparation, and overhead

$850,000

E. Peters (George 
Mason University)

Coral Histopathology Includes time, sample and data analysis and reporting, and 
overhead

$25,000

C. German (WHOI) Sediment Trap 
Retrieval

Includes participation of mooring/sample curation 
technician in cruise, shipping, materials, supphes and 
overhead

$75,000

D. Fomari (WHOI) Time-lapse Camera 
Deployment and 
Retrieval

Includes participation of one technician on cmise, 
additional camera lease time for late recover^' (originally 
scheduled for July), spare parts and repairs for 
redeployment, and shipping

$50,000

Total Plan Costs’: $1,430,000

6.0 Attachments

Attachment 1: NRDA HSE Plan (provided under separate cover).

Attachment 2: Study and Vessel-Specific HSE Plan (provided under separate cover).

Attachment 3; Best Management Practices for Marine Mammal and Sea Turtle Protection, 
including incidental take reporting forms (provided under separate cover).

Attachment 4: Reporting Guidelines.

Total costs net of vessel costs, which are paid directly by BP.
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Attachment 4

Reporting Guidelines

This Attachment outlines the specific components to be included in the cruise report and final
report for assessment activities conducted under this cooperative work plan.

The quick look report will include onlv the following:

1) General description of what was accomplished on the cruise, including a narrative of the sites 
visited, numbers of images and samples collected at each sampling location, and copies of 
the daily reports.

2) List of samples collected (e.g., sediments, tissue, whole specimen).

a. Each list should include, where appropriate, references to date, site, time of collection 
(latitude/longitude), collection depth, collection method (e.g., grab/suction), and post
cruise sample disposition (i.e., name and location of analytical laboratory to which 
the sample was sent for analysis or archiving).

h. The number of coral histopathology samples (n=38) collected and any descriptive 
notes about the appearance of the samples at the time of collection, taken from the 
field forms.

3) Identification of data collection/analysis issues or deviations from the work plan.

The final report will include onlv the following:

1) A detailed summary of the sites visited and the coral communities present at the locations of 
potential hard-ground sites.

2) Coral Imaging & Photomosaic Analysis.
a. Number of corals imaged - referenced by site, time of image collection 

(latitude/longitude), depth and species/taxa.
b. Examples of the down-looking community mosaics and vertically documented 

coral/associate imagery.
c. Estimation of habitat size and summary/notation of habitat features.

i. Quantification methodology.
d. Description of surveyed reef areas, including observations of the presence of 

flocculent material or the presence/absence of dead or dying coral.
i. Explanation of the description/classification system used.

e. Identification and enumeration of coral associates including identification of host 
coral or substrate occupied.

f. Index of pictures showing representative examples of any notable observed features 
such as discoloration, sloughing tissue, excessive mucus production, abnormal 
polyps, abnormal associate occurrence pattems or behavior, and other visible 
indicators of coral or associated species status.

3) Meiofaunal and Macrofaunal Analysis.
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a. Sample abundance and diversity referenced by location of collection 
(latitude/longitude) and depth.

b. Indications of indicator species, if  present.
c. Description/quantification of possible visible abnormalities.

i. Quantification methodology.
ii. Explanation of the description/classification system used during the 

quantification.

4) Time-lapse Camera Analysis.
a. Location (latitude/longitude and depth) and time of image collection.
b. Species observations.
c. Description of observed changes in coral structure, presences of flocculent material 

(if present) and obligate species over time.

5) Final species identification of collected samples based on genetic analysis; including location 
(latitude/longitude and depth) of sample.*

6) Results of coral histopathology assessment; including location (latitude/longitude and depth) 
of sample and assessment of coral health based on histopathology results.

a. Condition of the corals.
b. Enumeration of lesions, locations, and their severity.
c. Description of the severity ranking scale.
d. Example/voucher photomicrographs for documentation.

All of the processed sequence data will be made available through the online, open-access Genbank database once 
release is approved by the Trastees and BP/Cardno ENTRIX.
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