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Cruise and Sampling Dates
McArthur IT Leg 1: A. Shakedown, September 8-11, 2011 (4 days; 3 Days at Sea)
B. September 14-17, 2011 (4 days; 3 Days at Sea; if needed)
McArthur II Shipboard Sampling: September 20- October 7, 2011 (18 days; 16 Days at Sea)
Airborne LIDAR Survey: September 22- October 10, 2011 (19 days; 75 hours of Air Surveys)

Background/Justification

Conceptual Model — Water Column Organisms

The trustees have developed a preliminary conceptual model of the DWH release, potential pathways and
routes of exposure, and potential receptors. This preliminary model has informed the trustees’ decision
fo pursue the studies outlined in the work plan. By signing this work plan and agreeing to fund the work
outlined, BP is not endorsing the model articulated in the work plan nor is BP endorsing the full
geographic extent of sampling or the rationale provided for it.

Release and Pathway

Qil released from the broken well head both dispersed at depth and rose through nearly a mile of water
column. The composition of the released gas-liquid mixture changed over time and space as the result of
dilution, changes in pressure, dissolution, and addition of other constituents such as dispersants,
methanol, and anti-foaming additives. Of oil that made it to the water surface, some entrained water
forming mousse, was dispersed into the water column naturally and by application of dispersants, and
some was removed mechanically or by iz situ burning. Floating oil, o1l droplets, flocculated and
dissolved components were transported large distances at various levels of the water column. Oil also
picked up sediments, and other particulate material, some of which became neutrally or slightly negative
buoyant, sinking to various depths. The oil dispersed at the wellhead (both via turbulence or by injcction
of dispersants) was transported by currents that varied in time and space, yielding a complex pathway of
subsurface oil contamination that affected abyssal, bathypelagic, and meso-pelagic waters of the offshore
Gulf of Mexico.

1|Page
NRDA Small Pelagics Plan Late Summer 2011, McArthur I

DWH-ARO0018006



" D8
# # # ' # D8 # # #
# I # 8 0 # F # # # #/ 0 8 # # # 0
8 0 # # I # 8 # # # O # 0! # 8
# # 8 # # # # I # 8 # " " 05 #
"8 0 " # # # # # 0 # " # 0 # #
# * 88 G;5B + ! H 85 &# #
D8 # " # # 8 # # # # " ' 5 3
0 D8 # 8 8 # ! " 88 0
" 5 # 0 D8 # 8 # I #
# 8 8 # # ## 5 # 0 ! D8
I # # # # " 0 0 # 5
8 0 " # 8 8 0 # # " I # " H# # # R
# # 8 # # D8 # # 8 # 5 0
D # D# # " # I # " 0 # ! #
# "t# " # 0 5 1 8 0 " 8 # # 8 # "R
0 8 | # 8 o " # 8 # 0 0 8 0 " * 505 #
7 &8 2 * 6 6 9 6 7 *
7 0 2 06 * ! /" 1/ 5 / 05 1 $%&% 0 * 6 * 2
0! * 10 * 2 * *
! "l -* 8 0 * 0 *
00 * 8
# " # # # # " 0 8 0 #
# # 8 0 " I # "# # o D 5 #
3 - 0

) '2&& 79;;7



# )& 1 # # 0 0 8 0 # # # " # 0
#5
& # " C 0 # # # 0 # " 63 '2 *6 0 # # #
2 0 0+5 63 '2 # 2" '2 # # # 0 8 8 0 # # 0 #
# # " " / HH# " # 0 # # # 0 63 '2
0 #5 ' 63 '2 ! # # 0 # # " HH A
8 8 # I # 0 8 5
% & "' 8 0 63 '2 # *0 &' 63 '2+ " 88 D # 7; #
# # " 8 8 0 " 8 | # * 0 8 "
8 # 0 " D 8 8 # " # "o D +5 # # # " #
# # # # 8 " 8 # # # # I/ 8 €
# # R D # I # 8 o # 33+ 8 0
8 0 # # | 8 0 # # # 63 '2 # 5 # # " # 8 O
# # 8 " # # # # " 0 8 0 #
0 *5 5 0 8 " o"
## " #" ! 0 # 0 + # 0 # 8 8 0
# " # 88 D # i B # 5
75; 75B 15 :5B >5;
@ A 7
7 $8 # ) * 6 "( ! L 6 0 0 6
* 6 6 ' 9 8 6 * * * 0 0 -1 * 6
* 6 8 * * *o* 1 0 6 ;% 2
- * - <= 8 7 * 0 * oL > % * 2/ * 6 * 0*
0 @ * 2 & 8

$
1 8# & # Y AVAR # " # 1" '- # # # # F# #
# # " 8 0O " 8 8 0 0 *E # 8 0
0 # | 8 I# + # " I # " H# # R D 8 # # "

)&1 0 5
$ " 8 " E # " # I/ 8 (
> 3 0

$ % & &

) '2&& 79; ;¢



L. Document the large scale distribution of epipelagic fish and plankton in the study area. Large
scale acrial surveys corresponding to, and extending beyond, ship cruise station and tracks
will be performed. This is intended to provide information on the distribution of epipelagic
organisms and identify spatio-temporal changes that may be associated with hvdrographic
variability, the passage of weather fronts, etc.

2. Document day/night differences in the distribution of fish and plankton. Selected regions
will be surveyed during the day and again at night. Diel vertical migration has been a
particular focus of somc of thc NRDA cruiscs and this cffort will afford additional insights
into that process more synoptically than can be accomplished with ship-board surveys.

3. Investigate spatial scales not available to the ship survey. Ship surveys are often a
compromise between covering a large enough area and covering an area with sufficient
spatial resolution. Aerial surveys can extend beyond the area of ship surveys to ensure that
most of the biological concentrations are captured and can also cover some areas with finer
resolution to ensure that small-scale processes are captured.

4. Use aerial imagery/LIDAR to direct ship sampling to regions of high biological
concentrations. The acrial surveys can easily detect biological hot spots that may be missed
by a ship survey. These arcas may be located beyond the planned extent of the ship survey or
may be located between survey stations or transects. They may even be directly on a surface-
transect but occur before or after the ship passes. Any hot spots will be intensively
investigated by the aircraft, and the Chief Scientist on the ship notified of its position. If the
ship is in the area and can be feasibly redirected to the hot spot identified by the aircraft, the
ship will sample in the area of interest for ground truth measurements if logistics allow.

5. Collect biological, physical, and acoustic data aboard the McArthur II to help support and
interpret the LIDAR obscrvations.

Airborne LIDAR Survey

The NOAA Fish LIDAR system and a video camera will be installed in a suitable twin-engine aircraft.
Although the preferred aircraft would be a NOAA Twin Otter out of Tampa, Florida, it was difficult to
obtain this platform on short notice. Instead, this work will use a King Air chartered from Dynamic
Aviation in Virginia, which has worked with Dr. Churnside in the past. The aircraft will be based near
Pascagoula, Mississippi, and we expect to perform surveys from September 20 through October 10. The
general area of operations is shown in Figures 3 - 4, which is based on historical surveys conducted by the
SEFSC, Gulf states, and the NRDA.

Aerial surveys will be conducted between longitudes 87° and 90° 30° W and north of 27° 30° N, and will
occupy transects aligned (north-south) with the SEAMAP survey grid during both day and night (see
details below). In addition, some survey time (adaptive sampling) will be devoted to characterizing
smaller scale physical features such as Langmuir cells, fronts, weed lines, etc. (see below). We expect that
the aerial survey will alter the flight path (i.e., add to the planned gridded surveys) to provide higher
resolution data in thosc locations where aggregations arc present, such as in convergence zones and arcas
with weed.

The MacArthur 1I will be used to ground truth the LIDAR survey and will generally sample a subset of
the locations surveved by the aircraft. In some circumstances, as indicated by conditions and based on the
location and activities of the vessel, the McArthur II will be directed to particular features by the aircraft
for targeted field sampling and ground truthing. There will be close coordination of the vessel and the
aircraft throughout this effort.

Ship-board Sampling
Ship-board sampling will consist of acoustic methods (towed upward-looking array and standard hull-
mounted EK60), trawl net sampling, and visual observations. Day-night paired sampling will be
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performed, at times in concert with the aerial survey, to evaluate diel changes. If feasible and subject to
logistical constraints and other cruise objectives (such as completion of a sampling station’s activities), as
judged by the Chief Scientist and vessel officers, the vessel will respond to directions from the aircraft for
targeted sampling of particular features. We expect 50-67% of the vessel sampling effort to be at fixed
stations, and have provided a list of fixed stations with priorities for the vessel. The actual effort placed
on adaptive versus fixed stations will depend on the identification of targeted areas of interest that can be
feasibly sampled by the vessel in a timely manner.

In addition, this survey will also take advantage of the opportunity to observe the occurrence of adult and
juvenile flyingfish (multiple species in the family Exocoetidae) while transiting between the selected
sampling stations. Data on the occurrence of flyingfish will be collected by visual observation only, and
no gear will be deployed to target flyingfish. This component is included in this cruise plan because the
task was not successfully completed on the July 2011 McArthur I cruise due to time limitations, and
additional data is needed to evaluate distributions. If the ship identifies large aggregations of flying fish,
as indicated by greater than the (running) mean number of flights counted per time, it will notify the
aircraft and the aircraft will attempt to fly over and sample these areas, as logistics permit.

General Logistics
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.

Attachments 9 and 9A through 9F provide standard operating procedures (SOPs) for the protection and
conservation of marine mammals and any species listed under the Endangered Species Act as appropriate
for the vesscl and sampling cquipment opcrations to be conducted on this cruisc. Sce in particular the
provisions in Attachment 9F when deploying net trawls. Two marine mammal observers will be utilized
in this effort,

This particular effort is being developed as a cooperative program, but is ultimately Trustee-led as
required by the Oil Pollution Act of 1990 (OPA) regulations. As such, these cruises will be led at sea by
a Trustee-appointed Chief Scientist who serves as a Trustee representative. This Chief Scientist will work
to ensure that cruise objectives are met and that time at sea is utilized efficiently for collecting
information pertinent to the investigation. When not on duty, the Chief Scientist will designate a Watch
Lead. This Watch Lead will also be a Trustee representative. The Chief Scientist may be supported on-
board by a senior scientist appointed by the Responsible Parties. This senior scientist is to consult with
the Chief Scientist on logistical and scientific matters, but ultimate decision making authority rests with
the Chief Scientist. The Chief Scientist will also consult as needed with shore-side Trustee support (i.e.,
Drs. French McCay, Hahn, and Quinlan).

The Captain and Chief Scientist will confer regarding the operational plan and schedule, and any changes
to the plan or schedulc that arc required duc to logistics, breakdowns or weather concems. The Chicf
Scientist will be responsible for notifying the designated NOAA and RP leads regarding schedule
changes, so that each lead may notify staff and adjust their respective staff mobilization schedules, as
needed.

Aerial efforts will be led by Dr. Jim Chumside of NOAA.

Methodology

Sampling Stations and Transects

The cruise track and selected stations for the NRDA McArthur II Late-Summer 2011 survey are designed
to obtain data at offshore and inshore stations, to perform sampling in the areas affected by surface oiling
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Priosi-tiitl;l(glr der Station Number | Longitude (W) | Latitude (N) | Depth Range (m)
13%* NS-3 -89 28.75 400-600
14* NS-4 -88.5 28.75 1200-1500
15% B083 -89 28 1200-1500
16* B250 -88.5 28 2000-3000
17* B082 -88 28 2000-3000

Shipboard Sampling Procedures

Small pelagics sampling will require 24 hour operations. Net sampling will largely be centered around
noon and midnight, but can occur anytime at the discretion of the Chief Scientist (i.e., to facilitate the
sampling of acoustic/optical targets). Each station will be sampled twice during the day (around noon)
and twice at night (around midnight) while avoiding the periods that are +/- 30 minutes of sunrise and
sunset. If two tows are not possible at a given station and diurnal period, than a single tow shall be
conducted. This protocol is designed to capture changes in densities due to the diel cycle of vertical
migration by the biota.

At ecach station, a CTD profile will be conducted to a maximum depth of 250m (or to 10m shallower than
seafloor if the local water depth is <260m). This will be followed by two 20-minute deployments of the
towed array and/or trawl net. The towed array is deployed to a constant depth based on the configuration
of the sensors (Attachment 12) for the entirety of the 20 minutes, while the net is deployed and towed off
the side of the ship, lowering it slowly down to ~40m followed by a slow retricval (Attachment 13). If
sea conditions and boat configuration allow, the towed array and net may be deployed simultaneously. If
not, they will be deployed sequentially. Data from paired deployments will allow for inter-gear
comparison and ground-truthing.

During the transit between stations, in addition to collecting acoustical data along the route (as feasible),
visual observations for flyingfish will be conducted. These observations are based on visual transect
procedures as discussed in the literature (see Attachment 11 for a literature review). These surveys will
not attempt to speciate individuals, instead counts will be gathered at the family level, concentrating on
number encountered.

The following sampling will occur at every station and/or transit during the September 20 — October 7
cruise on the McArthur II.

CTD: At each station prior to the net sampling, a Seabird CTD profiling package will be deployed to 250
m (or to 10m off the seafloor, whichever is shallower) with the following sensors: chlorophyll
fluorometer, salinity, temperature, and depth (i.c., pressure).

In general, CTD casts should be conducted while the vessel is drifting. Because the tows are performed
over a tow path, as opposed to at a single location, the objective is to characterize the water properties
over the general arca of the tow. The start and finish locations shall be recorded for both the down- and
the up-cast of the CTD. Local conditions in sea state and operational areas will dictate if maintaining
position with dynamic positioning (DP) is necessary. It will be recorded whether a cast was completed
while drifting or under DP.

Towed Sonar/Echosounder/DIDSON: A multifrequency echosounder (38/120kHz) will be mounted to
atow body and deployed in the upper 2m of the water column in a downward looking configuration. In
this configuration, acoustic scattering data can be collected in the upper water column from ~3-50m.
Alternatively, if the tow body can be successfully deployed at depth, the echosounder will be mounted
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facing up, the tow body deployed at ~20m and data will be collected for the full water column above the
unit.

In addition, an imaging sonar (DIDSON) and camera will be mounted to the tow body to ground truth the
acoustic data in the upper water column. The DIDSON and camera are able to validate targets within
~15m of the unit. The sonars will be synched with the shipboard sonar system to avoid interference
among similar frequencies. For a further description of the data collection methods, please see
Attachment 12.

One or two shakedown cruises (September 8-11 and 14-17, the second only if needed) will be used to test
and refine the set-up and towing protocols for the towbody-mounted acoustics and cameras. Calibrations
of the acoustics will also occur during this shakedown period.

Modified Trawl Net: During the September 20 — October 7 cruise, trawls will be deployed 2-4 times at
cach station (1-2 day tows, 1-2 night tows, subject to time available and conditions) and oblique tows will
be conducted to a maximum depth of 40 m, requiring 24-hour operations. Each tow deplovment will be
~20 minutes in duration and will be timed to best capture the differences in diel distribution patterns. Tow
duration for the net in the water may be shortened depending on conditions (catch rates, gelatinous
organisms, etc.), but will not be lengthened beyond 30 min. For each deployment (day and night), the
tows will be conducted centered in time around local noon and midnight. If this is not possible, the tow
may still be completed so long as it does not begin until 30 min after sunrise/sunset or end within 30 min
of sunrise/sunset. Deployment locations (latitude and longitude) and times, retrieval locations and times,
and maximum deployment depth will be logged.

Trawls will be towed at approximately 3.5-4 knots (in order to capture fast moving fishes) to collect
organisms distributed in the upper 40m. To determine precise position of the net in the water column,
two HOBO time-depth recorders will be mounted to the headrope and footrope. For a further description
of the data collection methods, please see Attachment 13.

All samples will be processed and preserved immediately after recovering the nets per the description in
Attachment 14. For each pair of net samples (¢.g., two taken during the day at a given station, two taken
during the night at a given station), one will be preserved in ethanol, and the other in formalin. The
cthanol samples provide opportunity for genctic or other analyses, if indicated, whereas the formalin
preservation provides a permanent method of preservation requiring less maintenance. Selected individual
specimens from the dominant species collected will be frozen and archived for possible food web
analysis. All frozen specimens will be fully documented and included in the catch records. If only one net
tow 1s performed, the sample will be split, preserving half in each preservative.

Hull-mounted Acoustics: The vessel’s SIMRAD EK60 scientific echosounder system will be used to
collcct data on acoustic backscattcr in the water column. The R/V MceArthur IT has a suite of transduccrs
operating at 12 kHz, 38 kHZ, 120 kHz and 200 kHz frequencies. Hull-mounted acoustic data will be
collected throughout the cruise and during all sampling, subject to the protocols related to protected
species, as described in Attachments 9 and 9A-9F. The purpose of the acoustic surveys is two-fold: (1)
collection of bathymetry data to understand seafloor morphology and plan sampling depths, and (2)
potential identification of backscatter anomalies in the water column that may indicate biota. For a
further description of acoustic data collection including a deep water collection SOP, please see
Attachment 10.

Flying Fish Observations: Visual counts of flyingfish will be conducted in 10-minute time segments
during daylight hours while transiting between sampling stations. During longer transits between the
offshore sampling stations, at least 2 hours of each transit (twelve 10-minute time segments) will be used
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