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Monitoring Subsurface Dispersant Injection 
During the MC252 Incident 

 

Executive Summary 
From 8 May through 28 August 2011 two research vessels, the R/V Brooks 
McCall and the R/V Ocean Veritas were engaged in oceanographic 
monitoring activities associated with the subsea injection of dispersants during 
the Deepwater Horizon incident. This monitoring was conducted by BP under 
a Directive and four Addenda issued by the Unified Area Command which 
dealt with the terms and conditions necessary to continue the injection. Key 
parameters to the monitoring effort included observing and recording 
dissolved oxygen (DO) levels, hydrocarbon concentrations determined by 
fluorometry, particle size analysis to help identify oil droplets, and onboard 
toxicity testing using the rotifer species, Brachionus plicatilis. Water samples 
also were collected for subsequent laboratory analysis of hydrocarbon 
concentration. This report summarizes the activities, data collection, and 
results of the monitoring effort. Detailed ship reports and data records are 
provided in a series of Appendices to this document. The only exception is the 
particle size analysis data, which is being processed separately by the 
Canadian Department of Fisheries and Oceans.  
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1.0  Introduction 

From 3 May until 28 August 2010, EM&A was contracted by BP to assist in the coordination 
and staffing of the subsea dispersant injection monitoring program. Initially, this involved 
planning support at the Unified Area Command (UAC) in Robert, LA, but by 8 May it was 
expanded to include support for the vessels being used for subsurface monitoring. EM&A 
was responsible for providing senior technical staff to serve as Chief Scientists aboard the 
monitoring vessels, as well as laboratory technicians to conduct onboard toxicity testing as 
part of the monitoring program. This report presents a summary of the organization, 
activities, and results of the monitoring cruises conducted between 8 May and 27 August 
2010 for the research vessels (R/V) Brooks McCall and the R/V Ocean Veritas. 

1.1  Background Discussion 

The Deepwater Horizon (DWH) incident involved an explosion and a release of a significant 
amount of crude oil from a deepwater well in excess of 5,000 feet below the sea surface in 
US waters. This unprecedented situation led to innovative options, one being the subsea 
injection of dispersant directly into the flow of oil at the well head. The intent of this 
response option was to prevent or minimize the amount of oil that surfaced and formed a 
surface slick, thereby reducing risks to shoreline and surface habitats and reducing response 
worker exposure to volatile hydrocarbons. Subsea application of dispersant had never been 
attempted, and given the large but uncertain discharge volume, regulatory and natural 
resource agencies were concerned about the potential effectiveness and environmental 
consequences of this response option. 

In order to make an initial evaluation of the feasibility of this approach, scientists and 
regulatory authorities agreed to conduct two test injections of dispersant into the oil plume on 
30 April and 1 May. On both occasions Corexit EC9500A (Nalco Company) dispersant was 
injected directly into the oil plume near the release point via an injection wand deployed 
using a remotely operated vehicle (ROV). The effectiveness of the dispersant injection was 
determined using sonar mounted on the ROV and by visual observations using the ROV 
cameras. Using the ROV, attempts were made to collect samples of the oil/dispersant mix in 
the plume immediately above the release point, but the seals on the collection bottles failed. 
As both tests were conducted after dark, aerial surface observations were not made. Evidence 
gathered from the ROV camera footage and sonar assessments sufficiently indicated that the 
method worked and that large scale application should be evaluated. With this determination, 
detailed discussions over the protocols for such an operation began, leading to the Directive 
discussed in Section 1.2.  

1.2  Unified Command Directives 

Once the approach concept was refined, a joint directive was issued on 10 May 2010 by the 
United States Coast Guard (USCG) and the US Environmental Protection Agency (EPA). 
This directive outlined the requirements for a Plume Monitoring and Assessment Plan to be 
in place as part of approval for the subsurface application of dispersant.  

This directive divided the subsea injection operation into three parts: 
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• Part 1 was “Proof of Concept” which was to determine if the response option 
actually was effective at dispersing the oil; 

• Part 2 involved developing a robust sampling plan to detect and delineate the 
dispersed oil plume; and 

• Part 3 was the “Subsurface Injection of Dispersant” outlining the operational 
procedures of the long term response method. 

Only Parts 1 and 2 were related directly to the subsurface monitoring effort. However, Part 3 
of the Directive outlined the environmental effects evaluation criteria to determine 
operational shutdown of the subsurface dispersant. These criteria are quoted below: 

1. If there is a significant reduction in DO from background to below 2 mg/L; or 
2. For Part 2 [the Subsea Injection Monitoring Plan] if EPA’s interpretation of the 

toxicity test reveals excessive exertion of a toxic response. To determine a 
measureable toxic response, BP must perform a rangefinder test since the collection 
of the sample will be directly from the toxic plume, and any sample from the plume 
will likely kill 100% of the test population. Therefore, the rangefinder must first be 
conducted to determine an order of magnitude dilution that gives a measurable 
response. Then, a more refined dilution procedure must be completed to get the final 
LC50 answer. This result will be compared to a NOAA plume model that would 
predict when or where exertion of that toxic response would take place. EPA and 
NOAA will interpret the results of the toxicity tests to inform determination of a 
shutdown decision. 

The Directive was modified four times: 

• Addendum 1 (14 May) refined the sampling program to be in place prior to the 
commencement of long-term subsea dispersant application.  

• Addendum 2 (20 May) directed BP to identify and locate sufficient quantities of a 
dispersant with a toxicity value less than or equal to 23.00 ppm LC50 toxicity value 
for Menidia or 18.00 ppm LC50 for Mysidopsis. If no such dispersant was determined 
to be available, BP was to notify the Federal On-Scene Commander (FOSC) and 
Environmental Protection Agency (EPA) and provide a “detailed description of the 
products investigated, and the reasons the products did not meet the standards 
described.” 

•  Addendum 3 (26 May) placed restrictions on the “minimum amount possible” and 
included a maximum subsea application rate of 15,000 gallons of dispersant a day; 
and,  

• Addendum 4 (approved 23 July, based on a BP proposal of 19 July) required the 
addition of onboard Winkler titration capabilities to help validate the DO 
measurements being recorded by the oxygen sensors on the Conductivity, 
Temperature, Depth (CTD) instrument. 

Of the four, only Addenda 1 and 4 had direct bearing on the subsurface monitoring activity, 
as summarized above and discussed in other sections of the report. The 10 May 2010 
Directive and the four Addenda are included in Appendix A. 
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1.3  BP Implementation Plan 

BP, working with other organizations at the UAC, developed a plan to comply with directive 
requirements. This included an intense effort to identify, organize and equip monitoring 
assets, including vessels, so the goals of the Directive (and ultimately each Addendum) could 
be met. This was a very dynamic period of the response with many concurrent activities.  

The first plan developed was a draft Dispersed Plume Characterization Plan – Phase 1 
presented to the UAC on 6 May 2010. This plan outlined a research vessel cruise with the 
following monitoring objectives: 

• Confirm the location and extent of the subsurface plume; 
• Determine how much oil, especially polycyclic aromatic hydrocarbons (PAH), 

remained in the dispersed plume; and 
• Collect physical oceanographic data to validate the subsurface dispersed plume 

model. 
 
The proposed Phase I monitoring was expected to be followed by a second phase, which 
would be a sustained and more comprehensive study to address plume fate and effects on 
natural resources. At the time, it was anticipated that this would be undertaken by the Federal 
Trustee agencies as part of the Natural Resource Damage Assessment (NRDA) process. In 
addition, as part of the response, BP agreed to develop a Subsea Dispersant Implementation 
Plan, which was divided into a Proof of Concept Plan, a Characterization Plan, and a section 
detailing the subsea dispersant injection process. The Implementation Plan was submitted to 
the UAC on 8 May 2010 (Appendix B). Subsequent vessel operations (described in Section 
2.0) were governed by the Implementation Plan and the Directive and its Addenda.  
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2.0  Overview of Vessel Operations 
This section of the report contains a summary of the shipboard monitoring activities 
conducted as part of the subsea dispersant injection monitoring program. Additional details 
on the logistics, shipboard organization and staffing, and data collection are provided in 
Section 3.0. 

2.1  Proof of Concept Cruise 

2.1.1  Cruise Summary  

The Proof of Concept cruise 
was intended to verify the 
concepts proposed for 
implementation of the deep sea 
dispersant injection program. 
Field operations began on 7 
May 2010. The R/V Brooks 
McCall (Figure 2.1), leased 
from TDI Brooks International, 
departed Port Fourchon, LA in 
transit to the spill location. On 
8 May, during the transit, a 
sample was collected away 
from the well location to 
provide control samples. On 9 
May, the vessel arrived in the 
vicinity of the well and 
occupied eight stations (two were repeated at the same locations). Station locations (depicted 
in Figure 2.2) were selected by the Environmental Unit of the UAC, based on modeling 
results provided by NOAA for a theoretical rising of the dispersed oil plume and local 
hydrodynamic conditions. The vessel collected samples in the vicinity of the release point 
until noon on 11 May and then returned to Port Fourchon, arriving on 12 May, for sample 
drop-off and re-supply. A total of 18 stations were occupied over the course of the 4-day 
cruise. At the end of the cruise, a draft report was prepared and submitted to the UAC. The 
cruise report was then combined with information from aerial and surface assets also 
involved in the Proof of Concept demonstration, as well as information on the actual 
injection operation, to create a comprehensive report on the results of the demonstration (see 
Appendix C).  

  

Figure 2.1 R/V Brooks McCall 
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2.1.2  Data and Samples Collected  

For this initial cruise the R/V Brooks McCall was chartered, staffed and equipped in less than 
two weeks. Key sampling information is summarized in Table 2.1. Equipment limitations on 
this first cruise were that the available WET Labs ECO fluorometer was pressure certified to 
a maximum depth of 600 meters (m) and the maximum cable deployment depth was 560 m. 
Since the depth at the injection point was approximately 1544 m, this meant that only 
approximately the top 32 percent of the water column in the immediate vicinity of the release 
point could be sampled. 

 
Figure 2.2  Stations occupied during the Proof of Concept Cruise, 9-12 May 2010 
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Because the Seabird Electronics SBE 
9 CTD (conductivity, temperature, 
depth) array was not equipped with a 
dissolved oxygen (DO) sensor, DO 
was to be measured using a LaMotte 
No. 5860 Field Kit. Additionally, 
bottle sampling and chain of custody 
(COC) protocols had to be developed 
and implemented. The intended goal 
of the cruise was to use data on DO, 
fluorometric estimates of hydrocarbon 
concentration, and particle 
size/droplet analysis results, possibly 
along with visual observations, to 
confirm the presence of a dispersed oil plume. The depth limitations for the CTD array, while 
not ideal, were not viewed as a major concern because the intent was for the Environmental 
Unit at the UAC to direct the vessel to the general location where the National Oceanic and 
Atmospheric Administration’s (NOAA) model predictions indicated the plume would rise to 
the surface. 

After departing Port Fourchon it was discovered that the WET Lab fluorometer on the CTD 
array was set to the incorrect wavelengths (chlorophyll, not Colored Dissolved Organic 
Matter (CDOM), which is appropriate for hydrocarbons) and so these initial readings were 
unrelated to oil. Because of the difficulties with the Seabird fluorometer, a towed Turner C3 
fluorometer was delivered to the ship on 9 May via a USCG helicopter and subsequently 

deployed from the ship while transiting 
between stations to detect hydrocarbons 
in the near surface. However, this unit 
only provided information on near 
surface concentrations and proved 
difficult to tow without broaching 
(breaking the water surface) when the 
vessel rolled. 

The hydrographic platform was located 
on the starboard side of the vessel, with 
instruments deployed using a deck-
mounted winch. Figures 2.3 and 2.4 
provide some perspective on this deck 
area. When on location, the vessel was 
maneuvered to predetermined 
geographic coordinates. The CTD was 
deployed using the winch and held 
immediately below the surface to allow 

Figure 2.3  CTD rosette being sampled on the R/V 
Brooks McCall 

Figure 2.4  View of the hydrographic platform on 
the starboard side of the R/V Brooks 
McCall 
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the instruments to equilibrate to the ambient seawater temperature. On the initial cruise, the 
CTD did not provide direct data display in the onboard laboratory – data had to be 
downloaded after the CTD was recovered. As a result, sample depths for triggering bottles 
were preselected for standard depths. 
 
Following the downcast, the CTD was raised to the sample collection depth and allowed to 
equilibrate. The water sample bottles on the carousel were triggered and the sample 
collected. This was repeated for each depth and for this cruise samples were collected at 
1,275 and 550 m below the surface. When all samples had been collected, the CTD was 
recovered onto the deck of the vessel and the water samples were placed into pre-cleaned, 
pre-labeled sample containers and preserved depending on the type of analysis to be 
conducted on the samples. All samples were stored onboard in refrigerators at a temperature 
of approximately 5°C until they were packed in ice chests and transferred off the vessel to be 
shipped to an analytical laboratory for extraction and analysis.  
Onboard analysis was conducted for DO and particle size determinations during this first 
cruise. DO was determined using the LaMotte 5860 Field Kit. Immediately upon retrieval of 
the CTD on deck, a DO sample was drawn and taken to the ship’s laboratory for analysis.  

A scientific team from Canada’s Department of Fisheries and Oceans (DFO) was responsible 
for onboard water samples to survey dispersed oil droplet size distribution using two laser in-
situ scattering and transmissometers (LISST). One LISST was equipped with a small test 
chamber (120 ml), and was used to conduct bench top particle size analysis on board the R/V 
Brooks McCall. These samples were immediately transferred into the test chamber of the 
LISST-100X to perform particle size distribution analysis every 2 seconds for a timeframe of 
40 seconds. A second LISST was deployed in water at the end of a transponder boom at 
approximately 5 m depth off the port side of the R/V Brooks McCall for in-situ particle size 
analysis. The LISST was deployed on 10 May for approximately 6 hours, and then re-
deployed on 11 May for approximately 8 hours. After the cruise, water samples were 
analyzed using an ultraviolet scanning fluorometer to obtain estimates of the spectral 
characteristics of dispersed versus non-dispersed oil, to determine how well the oil in the 
collected samples had dispersed.  

As part of the cruise, NOAA provided a data management coordinator, who developed a data 
reporting and logging protocol. This data management system was used, with some 
modifications, throughout the monitoring effort. Detailed data records from this phase of the 
monitoring program have been compiled and are included in Appendices D through G, as 
follows:  

• Appendix D – Daily Reports (including station maps) 
• Appendix E – CTD Traces 
• Appendix F – Field Data Collection Summary Tables 
• Appendix G – Laboratory Hydrocarbon Chemistry Analytical Results Summary 

Tables 
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Table 2.1 Key samples and equipment on the Proof of Concept cruise 

 

Measurement Manufacturer Model  Comments 

Temperature, Depth, 
Salinity Seabird  SBE 9 plus 

(CTD)  

Dissolved Oxygen 
(on deck) LaMotte  5860 Field 

Kit  

Hydrocarbons 
(fluorescence) 

WET Labs 
fluorometer  Incorrect wavelength settings (chlorophyll, not 

CDOM), only rated to 600 m depth 

Turner C3 Towed unit provided by LSU, surface only 

Water Samples for 
Hydrocarbon 
Analysis 

N/A N/A Samples collected in prewashed 1-L amber 
bottles and handled via COC 

Particle Size/Droplet 
Analysis 

Sequoia 
Scientific, Inc. LISST-100X Analysis done by staff of Canadian Department 

of Fisheries and Oceans 

 
2.2  Subsea Injection Monitoring 

2.2.1  Cruise Summary 

Following the Proof of Concept test and approval of the dispersant injection, the Dispersed 
Plume Characterization Plan, developed to monitor the dispersed oil plume, was initiated. 
The purpose was to determine the following: 

• Chemical and physical characteristics of the dispersed plume;  
• Toxicological effects associated with the dispersed plume; and  
• Collect oceanographic data to inform hydrodynamic transport models. 

Additionally, the DO and toxicity data collected during this field project was utilized to 
directly support the on-going operational decisions to either continue or stop deep sea 
dispersant injection.  

The R/V Brooks McCall began the second sampling cruise on 15 May, with essentially the 
same equipment on board as was used in the Proof of Concept cruise, and added new 
equipment able to collect data and samples at depths in excess of 1500 m. A fluorometer with 
the correct wavelength filters for CDOM and a Seabird SBE 43 DO sensor were also added 
to the CTD. The number of samples taken at each station was increased in proportion to the 
increased sampling depth. Additionally, the collection depth of the water samples was based 
on observations made from the CTD real-time data display. The collection depth for each 
sample was determined independently at each station, based on the CTD plot during the 
downcast. The presence of any dispersed oil plume was detected by the fluorometry and the 
DO sensors. The depth of the plume varied between each cast but was generally located 
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between 900 and 1200 m. Water samples were collected beneath, within and above the plume 
and then spaced over the rest of the water column.  

The onboard sample handling and transfer from the CTD bottles to the sample containers was 
essentially the same as the Proof of Concept cruise and remained the same throughout the 
monitoring program. There were minor changes to the cleaning protocols for the bottles, with 
some differences between vessels. Table 2.2 contains a description of the on-board sampling 
equipment suite for the monitoring cruises.  

Table 2.2 Equipment available on the monitoring cruises 

Measurement Manufacturer Model  Comments 

Temperature, Depth, Salinity Seabird  SBE 9 plus 
(CTD)  

Dissolved Oxygen (CTD) Seabird SBE 43  

Dissolved Oxygen (on deck) 
YSI and Entech 

YSI ProODO 
(optical), YSI 
Ecosense 200 
(membrane), 
Extech DO700 
(membrane) 

Hand held meters 

N/A N/A Winkler titration, equipment 
provided by NOAA 

Hydrocarbons (fluorescence) WET Labs  ECO-CDOM 
fluorometer  

Water Samples for Hydrocarbon 
Analysis N/A N/A 

Samples collected in prewashed 
1-L amber bottles and handled 
via COC 

Particle Size/Droplet Analysis Sequoia 
Scientific, Inc. LISST-100X 

Analysis done by staff of 
Canadian Department of 
Fisheries and Oceans 

Shipboard Toxicity Testing MicroBio Tests, 
Inc. Rotoxkit M  

Hand-held DO meters were also available for use to supplement the other methods, and water 
samples were analyzed for toxicity using the Rotoxkit M system. Once the CTD was 
recovered on deck, a water sample was collected from the carousel and taken to the 
laboratory for DO determination and toxicity testing. 

Station locations and the water depths for collection of samples were determined by the Chief 
Scientist in consultation with the other senior members of the oceanographic team on board 
the vessel. Federal observers were always included in the selection of sampling depth. 
Stations were occupied along either linear or elliptical transects centered around the spill site 
and if it appeared the vessel was moving away from the plume it would be re-positioned to 
continue gathering data.  
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Initially there was one 
monitoring vessel, the R/V 
Brooks McCall. In order to 
meet holding requirements 
for water samples to be 
analyzed for hydrocarbon 
content, the vessel returned 
to port for one day at the end 
of every 3-day cruise. This 
left a gap in the on-site 
monitoring, which the UAC 
wished to eliminate. The 
second Addendum to the 
original Directive, issued on 
20 May, required monitoring 
every day. A second vessel was used to meet this continuing monitoring system requirement. 
BP identified and equipped a second vessel, the R/V Ocean Veritas (Figure 2.5), which 
began its first cruise on 27 May. With the arrival of the R/V Ocean Veritas, the two vessels 
began a rotation where each vessel was on station for three days and then returned to Port 
Fourchon, LA for three days. The equipment on the two vessels was functionally the same 
although there were minor differences in the configuration of the CTD rosettes and the make 
of the field DO meters. 

The R/V Ocean Veritas was a larger vessel than the R/V Brooks McCall (194 feet overall 
length versus 162 feet), and deployed its CTD array from a stern-mounted A-frame (Figure 

2.6), which allowed for better equipment handling in 
rough weather. The additional length also allowed 
for the placement of a deck-mounted laboratory 
container (Figure 2.7) providing additional 
laboratory space. Later in the program a similar, but 
smaller, unit was mounted on the R/V Brooks 
McCall (Figure 2.8), which had a severe laboratory 
space deficiency. It is useful to compare the 
available open deck space on the two vessels. The 
larger R/V Ocean Veritas had significantly more 
open space, which made it more convenient for deck 
work. 

After the subsea injection of dispersant ended on 15 
July, the monitoring program continued for several 
weeks. On 8 August the vessels began to join 
“Operation Clean Sweep” as part of a large scale 
effort to map the dispersed oil plume as it moved 
away from the spill site. They also continued to 
process toxicity samples under the Directive. The 
sampling protocols used onboard were the same as in 
the monitoring program. The cruise rotation between 

Figure 2.5  R/V Ocean Veritas 

Figure  2.6  Stern mounted A-frame on 
the R/V Ocean Veritas 
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the vessels continued through 27 August, when the vessels were completely transitioned to 
Operation Clean Sweep. Table 2.3 presents a summary of the cruise dates, stations, Chief 
Scientists, and key sample and data elements collected by the vessels during both phases of 
the monitoring program. 

2.2.2  Data and Samples Collected  

Once the monitoring program was 
initiated the data and sample collection 
effort remained largely unchanged for 
the duration of the mission, which 
continued from 15 May until 27 August 
2010. The only breaks in the collection 
effort were due to mechanical issues on 
the vessels or weather delays, as 
summarized in Table 2.3. The following 
sections describe the data collection 
efforts for the major parameters being 
collected; the presence of a dispersed oil 
plume, DO concentrations, toxicity 
testing, particle size analysis, and water 
sampling. With the exception of the 
Rotoxkit M testing, these are the same 
data elements as for the Proof of Concept 
cruise. The results for each of these are presented in Appendices D through G and two 
additional appendices, H (Winkler versus CTD Comparison Data) and I (Rotoxkit M Data 
Tables).  

Figure  2.7  Deck laboratory on the R/V Ocean 
Veritas 
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Table 2.3 Summary of Cruise Information 

 

Date Stations by Brooks McCall Stations by Ocean Veritas Chief Scientist HC Samples Taken 
(Y/N)

Rotoxkit 
Run (Y/N)

5/8/2010 B01 Aurand Y (TPH screening) N
5/9/2010 B02, B03, B04, B05,B06, B07, B08, B09 Aurand Y (TPH screening) N
5/10/2010 B10, B11, B12, B13, B14, B15 Aurand Y (TPH screening) N
5/11/2010 B16, B17, B18 Aurand Y (TPH screening) N
5/12/2010 N/A
5/13/2010 N/A
5/14/2010 N/A
5/15/2010 B19, B20 Aurand Y Y
5/16/2010 B21, B22, B23, B24 Aurand Y Y
5/17/2010 B25, B26, B27, B28 Aurand Y N
5/18/2010 N/A
5/19/2010 B29, B30, B31, B32, B33 Wright Y N
5/20/2010 B34, B35, B36, B37 Wright Y N
5/21/2010 B38, B39, B40, B41 Wright Y N
5/22/2010 N/A
5/23/2010 B42, B43, B44 Wright Y Y
5/24/2010 B45, B46, B47, B48 Wright Y Y
5/25/2010 B49, B50, B51, B52 Wright Y N
5/26/2010 N/A
5/27/2010 V01, V02, V03, V04 Wright Y N
5/28/2010 OV005, OV006, OV007, OV008 Wright Y N
5/29/2010 OV009, OV010, OV011, OV012 Wright Y Y
5/30/2010 BM53, BM54, BM55 Cooksey/Staves Y Y
5/31/2010 BM56, BM57, BM58, BM59 Cooksey/Staves Y Y
6/1/2010 BM60, BM61, BM62, BM63, BM64 Cooksey/Staves Y Y

No cruise - awaiting decision by UAC on injection

In port to refit and unload samples

In port to refit and unload samples, second vessel added

Inport to refit and unload samples
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Table 2.3 Summary of Cruise Information (continued) 

 
 

 

Date Stations by Brooks McCall Stations by Ocean Veritas Chief Scientist HC Samples Taken 
(Y/N)

Rotoxkit 
Run (Y/N)

6/2/2010 OV013, OV014, OV015, OV016 Aurand Y Y
6/3/2010 OV017, OV018, OV019, OV020 Aurand Y N
6/4/2010 OV021, OV022, OV023, OV024, OV025, OV026 Aurand Y Y
6/5/2010 BM65, BM66, BM67 Stevens/Cooksey Y Y
6/6/2010 BM68, BM69, BM70, BM71 Stevens/Cooksey Y Y
6/7/2010 BM72, BM73, BM74 Stevens/Cooksey Y Y
6/8/2010 OV027, OV028, OV029, OV030, OV031 Aurand Y Y
6/9/2010 OV032, OV033, OV034, OV035 Aurand Y Y
6/10/2010 OV036, OV037, OV038, OV039, OV040 Aurand Y Y
6/11/2010 BM75, BM76, BM77, BM78 Stevens Y Y
6/12/2010 BM79, BM80, BM81, BM82 Stevens Y Y
6/13/2010 BM83, BM84, BM85, BM86, BM87 Stevens Y Y
6/14/2010 OV042, OV043, OV044, OV045, OV046 Wright Y Y
6/15/2010 OV047, OV048, OV049, OV050, OV051 Wright Y Y
6/16/2010 OV052, OV053, OV054, OV055 Wright Y Y
6/17/2010 BM88, BM89, BM90 Stevens Y Y
6/18/2010 BM91, BM92, BM93, BM94 Stevens Y Y
6/19/2010 BM95, BM96, BM97, BM98, BM99 Stevens Y Y
6/20/2010 Wright N N
6/21/2010 Wright N N
6/22/2010 OV059, OV060, OV061, OV062 Wright Y (only for OV062) Y
6/23/2010 BM100, BM101, BM102 Stevens Y Y
6/24/2010 BM103, BM104, BM105, BM106 Stevens Y Y
6/25/2010 BM107, BM108, BM109, BM110, BM111 Stevens Y Y

Engine problems on the Ocean Veritas, followed by malfunctioning of CTD array, no samples taken
CTD still malfunctioning, limited data at OV056, OV057, OV058
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Table 2.3 Summary of Cruise Information (continued) 

 
 

 

Date Stations by Brooks McCall Stations by Ocean Veritas Chief Scientist HC Samples Taken 
(Y/N)

Rotoxkit 
Run (Y/N)

6/26/2010 OV063, OV064, OV065, OV066, OV067 Aurand Y Y
6/27/2010 OV068, OV069, OV070, OV071, OV072 Aurand Y Y
6/28/2010 OV073, OV074, OV075 Aurand Y Y
6/29/2010 Stevens
6/30/2010 Aurand
7/1/2010 Aurand
7/2/2010 OV076, OV077, OV078, OV079, OV080, OV081 Aurand Y Y
7/3/2010 OV082, OV083, OV084 Aurand Y Y
7/4/2010 OV085, OV086, OV087, OV088, OV089, OV090 Aurand Y Y
7/5/2010 BM112, BM113, BM114 Lane Y Y
7/6/2010 BM115, BM116, BM117 Lane Y Y
7/7/2010 Lane
7/8/2010 OV091, OV092, OV093, OV094, OV095 Pelz Y Y
7/9/2010 OV096, OV097, OV098, OV099, OV100 Pelz Y Y
7/10/2010 OV101, OV102, OV103, OV104, OV105 Pelz Y Y
7/11/2010 BM118, BM119, BM120, BM121, BM122 Lane Y Y
7/12/2010 BM123, BM124, BM125 Lane Y Y
7/13/2010 BM126, BM127, BM129, BM130 Lane Y Y
7/14/2010 OV106, OV107, OV108, OV109, OV110 Pelz Y Y
7/15/2010 OV111, OV112, OV113, OV114, OV115, OV116 Pelz Y Y
7/16/2010 OV117, OV118, OV119, OV120, OV121, OV122 Pelz Y Y
7/17/2010 BM131, BM132, BM133, BM134 Lane Y Y
7/18/2010 BM135, BM136 Lane Y Y
7/19/2010 BM137, BM138, BM139, BM140 Lane Y Y

Engine problems on the Brooks McCall, Ocean Veritas sent out on 6/29 to replace it, but bad 
weather prevented any sampling from 6/30 to 7/1. Ocean Veritas stayed at sea for normal rotation.

Heavy seas prevented sampling
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Table 2.3 Summary of Cruise Information (continued) 

 
 

 

Date Stations by Brooks McCall Stations by Ocean Veritas Chief Scientist HC Samples Taken 
(Y/N)

Rotoxkit 
Run (Y/N)

7/20/2010 OV123, OV124, OV125, OV126, OV127 Wright Y Y
7/21/2010 OV128, OV129, OV130, OV131, OV132 Wright Y Y
7/22/2010 OV133, OV134, OV135, OV136, OV137 Wright Y N
7/23/2010 Stevens
7/24/2010 Stevens
7/25/2010 Stevens
7/26/2010 Wright
7/27/2010 OV138, OV139, OV140, OV141, OV142 Wright Y Y
7/28/2010 OV143, OV144, OV145, OV146, OV147, OV148 Wright Y N
7/29/2010 BM141, BM142, BM143, BM144 Stevens Y Y
7/30/2010 BM145, BM146, BM147, BM148 Stevens Y Y
7/31/2010 BM149, BM150, BM151, BM152, BM153 Stevens Y Y
8/1/2010 OV149, OV150, OV151, OV152 Aurand Y Y
8/2/2010 OV153, OV154, OV155, OV156, OV157 Aurand Y Y
8/3/2010 Aurand
8/4/2010 BM154, BM155, BM156, BM157 Stevens Y Y
8/5/2010 BM158, BM159, BM160, BM161 Stevens Y Y
8/6/2010 BM162, BM163, BM164, BM165, BM166, BM167 Stevens Y Y
8/7/2010 OV158, OV159, OV160, OV161, OV162 Aurand Y Y
8/8/2010 OV163, OV164, OV165, OV166, OV167 Aurand Y Y
8/9/2010 OV168, OV169, OV170, OV171 Aurand Y Y
8/10/2010 BM169, BM170, BM171 Stevens Y N
8/11/2010 BM172, BM173, BM174 Stevens Y N
8/12/2010 StevensBrooks McCall in port due to weather and to offload Winkler analytical team

Ocean Veritas held in port by direction of UAC to obtain Winkler titration equipment.

All vessels ordered to return to or stay in port due to hurricane warnings from 7/23 through 7/25

Ocean Veritas in port to facilitate transfer of Winkler titration gear and analytical support staff.
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Table 2.3 Summary of Cruise Information (continued) 

 

Date Stations by Brooks McCall Stations by Ocean Veritas Chief Scientist HC Samples Taken 
(Y/N)

Rotoxkit 
Run (Y/N)

8/13/2010 OV172, OV173, OV174 Wright Y Y
8/14/2010 OV175, OV176, OV177, OV178, OV179 Wright Y Y
8/15/2010 OV180, OV181, OV182, OV183, OV184 Wright Y Y
8/16/2010 BM175, BM176, BM177 Stevens Y N
8/17/2010 Stevens
8/18/2010 BM178, BM179, BM180, BM181 Stevens Y Y
8/19/2010 OV185, OV186, OV187, OV188, OV189 Pisegna Y Y
8/20/2010 OV190, OV191, OV192, OV193, OV194 Pisegna Y Y
8/21/2010 OV195, OV196, OV197, OV198, OV199 Pisegna Y Y
8/22/2010 BM182, BM183, BM184, BM185 Stevens Y Y
8/23/2010 BM186, BM187, BM188, BM189 Stevens Y Y
8/24/2010 BM190, BM191, BM192, BM193 Stevens Y N
8/25/2010 OV200, OV201, OV202, OV203, OV204 Pisegna Y Y
8/26/2010 OV205, OV206, OV207 Pisegna Y Y
8/27/2010 OV208, OV209, OV210, OV211 Pisegna Y Y

No samples due to weather



 

20 

 

2.2.2.1 Hydrocarbon Presence Based on Fluorescence Signal. With the addition of the 
new fluorometer and the more capable CTD to the R/V Brooks McCall, data collection on the 
presence of the dispersed oil plume began in earnest. Values seen on the CTD trace were 
estimated by the Chief Scientist and coordinated with the on-board senior staff. Initially, the 
observed fluorescence 
signal was reported in the 
daily report as a 
qualitative value (e.g. 
trace, low, moderate, 
significant, present, etc.) 
or a relative value (e.g. 
higher than, lower than) 
at the discretion of the 
Chief Scientist. Since the 
fluorometer scale was not 
calibrated specifically to 
Macondo crude oil, the 
CDOM-scaled values 
taken from the CTD 
readout were not reported 
as Macondo oil levels. 

With the addition of a second monitoring vessel on 27 May and the planned rotation of staff, 
including the Chief Scientists, it became apparent that there needed to be some standardized 
method for reporting the observed fluorometric signal from the CTD. As mentioned, since 
the instrument was not specifically calibrated against the Macondo oil, it was not desirable to 
use the pre-set scale for CDOM concentration seen on the CTD data log, which could be 
misinterpreted (even though this was done in a few reports). However, the use of undefined 
qualitative terms did not convey sufficient information and was too subjective. So on 7 June, 
to enable a better description of the observed fluorometric signals at the sampling sites being 
mapped daily, the Chief Scientist on the R/V Brooks McCall proposed a standard reporting 
scale to categorize the strength of the plume. The proposed categories are shown in Table 
2.4. The rating is based on a visual assessment of the data output from the CTD cast. Where a 
single spike in the fluorescence signal appeared on one (but not both) of the descent or 
ascent, and no other indication of a plume was present, the value was not used in the plume 
rating. The system was adopted for use on both vessels as of 8 June. 

 

 

 

 

Figure  2.8  Deck laboratory on the R/V Brooks McCall 
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Table 2.4 Initial plume rating scale 

Plume Rating CTD Fluorescence signal [mg/m3] 

No plume Background 

Weak + 5 mg/m3 above background 

Moderate +5 to +15 mg/m3 above background 

Strong >15 mg/m3 above background 

 
On 9 July, Lucas Jellison (NOAA Data Coordinator) and Oliver Pelz (BP), Chief Scientist on 
board the R/V Ocean Veritas, modified the protocol for rating the plume strength by 
implementing one extra category: “Very weak” (Table 2.5). This extra category enabled a 
better discrimination of the fluorometric signal strength at the different sampling sites – 
especially for areas of low signal strength, which were frequently observed. This 
modification was approved by the NOAA Subsurface Monitoring Unit (SMU) and adopted 
by both vessels for the duration of the dispersant injection monitoring program. 
Subsequently, the new rating scale was also used in the initial stages of Operation Clean 
Sweep. 

 

Table 2.5 Final plume rating scale 

Plume Rating CTD Fluorescence signal [mg/m3] 

No plume Background 

Very weak  > Background <= 1 mg/m3 

Weak > 1 mg/m3 <= 5 mg/m3 

Moderate > 5 mg/m3 <= 15 mg/m3 

Strong > 15 mg/m3  

 
The raw fluorometry results were discussed in each daily report, and each station shown on 
the daily sampling chart was color-coded using these scales (see Appendix D). The actual 
CTD data logs were also submitted as part of the daily report, but as of the publication of this 
report it is unclear if a detailed analysis has been completed. 

2.2.2.2 Dissolved Oxygen Concentration. Measurement of the ambient DO concentration in 
the water column was a key component of the monitoring program, and a reduction below 2 
mg/L was one of the criteria for a decision to stop subsea injection. A DO sensor was not part 
of the CTD instrument suite for the Proof of Concept cruise, and the LaMotte 5860 Field Kit 
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was the primary source to determine DO levels. Once the SBE 43 sensor and hand held DO 
meters were available, inconsistencies in the LaMotte results were noted relative to the other 
sensors. LaMotte results tended to be lower. This may have been due to a variety of factors, 
such as operator error or bad reagents, but after repeated comparisons the use of the LaMotte 
Field Kit was discontinued. The problem was not noted during the Proof of Concept cruise, 
when a senior EPA scientist conducted the test, but no other data is available for comparison.  

When the SBE 43 unit came into use, there were concerns by some agencies that high 
concentrations of hydrocarbons might contaminate the sensor membrane, so it was standard 
on all cruises to withdraw water samples from the Niskin bottle for laboratory DO analysis 
on the ship. When the LaMotte 5860 Field Kit, which did not provide reliable or reproducible 
results, was replaced with a variety of hand held meters this concern carried over to the hand 
held units. This concern continued even though early in the monitoring cruises it was 
apparent that the DO levels being reported from the CTD (see Section 4.2.3) were very 
similar to those expected normally in the Gulf of Mexico. This was an issue primarily 
because these regulatory agencies anticipated much lower DO values, based on the 
perception that dispersed oil concentrations would rapidly lower DO levels1. Following two 
months of discussion about the DO monitoring program, Addendum 4 of the Directive was 
issued on 23 July, which required that BP conduct onboard calibration of the DO sensors 
using an automated Winkler titration method. 

Addendum 4 specified that at least 100 samples be collected and analyzed with 60% of the 
samples collected below 1000 meters (because of the depth of the dispersed oil plume). This 
requirement meant that an automated Winkler system needed to be obtained and a skilled 
technician (both to be provided by NOAA) was to be placed on board both vessels to conduct 
the analysis.  

Identifying appropriate equipment and staff proved to be a significant logistical challenge for 
NOAA, but the comparison was conducted at the end of July to early August on both vessels. 
The results indicated a high degree of correlation between the CTD sensors and the hand held 
meters, as summarized in Section 4.2.3 (Table 4.5). Detailed analytical data used for the 
comparison are provided in Appendix H. 

2.2.2.3 Rotoxkit M Testing. This is a commercially available (MicroBio Tests, Inc.) toxicity 
test kit which uses a rotifer, Brachionus plicatilis, as the test organism. Early in the planning 
for the monitoring effort the EPA indicated a strong preference for some type of onboard 
toxicity data to be collected as part of the monitoring program. Shipboard versions of 
standard toxicity tests are very difficult to implement for a number of reasons: 

• Logistic requirements (necessary laboratory space, temperature control, stability, 
animal culturing, etc.) are difficult to achieve 

• Many standard organisms are too sensitive for shipboard use 
• Even the most rapid tests generally require at least 24 hours before results are 

obtained (except for bacterial based tests) 

                                                           
1 Later in the monitoring effort reductions in DO levels were observed at water depths associated with the 
dispersed oil plume, but were never great enough to be a serious concern. 
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After much discussion, it was agreed that the Rotoxkit M test offered the best potential for 
use and so it was added to the Directive and the results were to be used to help decide 
whether to continue or stop subsea dispersant use. In general, the manufacturer’s protocols 
were followed. However, when this test is run in the laboratory it consists of a series of 
toxicant dilutions to support the calculation of an LC50 value. The initial expectation of the 
EPA was that serial dilutions would also be necessary in the field. This proved to be 
incorrect. Ambient concentrations proved to be low enough that undiluted water samples 
could be compared to controls to estimate any increased mortality, so dilutions were not 
required. The results are summarized in Section 4.2.4, and the detailed data tables are 
presented in Appendix I. A copy of the standard laboratory protocols and the protocols used 
on the ships are included in Appendix J.  

2.2.2.4  Particle Size Analysis. The particle size studies continued on both vessels in the 
monitoring phase. Samples were taken from each water sample collected and data was also 
recorded on a flow-through unit suspended just below the surface. Details of sample handling 
and processing were the same as during the Proof of Concept cruise. The results of the 
onboard LISST analysis were reported on a daily basis by the Team Leader of the DFO team 
and factored into decisions to determine water sampling depths. Both the field data and 
supporting laboratory analysis are being compiled by DFO and are not included in this 
report.  

2.2.2.5 Water Samples for Laboratory Analysis. Water sample collection was essentially 
unchanged over the course of the program. Samples were collected for onboard LISST, DO 
and Rotoxkit M analysis, and for shipment to shore laboratories where the compounds listed 
in Appendix G were determined. Sample holding and transfer protocols were the same as 
during the Proof of Concept cruise, and all samples were accompanied by a COC form when 
they left the ship. 
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3.0 Logistics, Equipment, Staffing, Shipboard Operation 
and Reporting Requirements 

Due to the expedited nature at the beginning of the monitoring program, the first cruise 
(Proof of Concept) by the R/V Brooks McCall had elements of a shakedown cruise with each 
member of the scientific crew becoming familiar with their roles and responsibilities and 
issues with equipment and supplies still being resolved. The period between the Proof of 
Concept cruise and the first monitoring cruise was used to great advantage, and by the time 
the R/V Ocean Veritas was added most assignments and protocols were essentially in place. 
Standard Operating Procedures (SOPs) for the vessels are included in Appendix J. There 
were minor modifications to these made throughout the cruise, but the key elements were as 
described below. 

3.1 Staffing and Assignments 
Table 3.1 shows the organizations onboard and their respective roles and responsibilities. As 
the monitoring program progressed some assignments were added, and some duties were 
shared, as noted in the table. Most organizations rotated personnel, but the intervals were 
different for each organization, and the schedules were not consistent. There was no single 
point of coordination (other than the ship’s master) and frequently staff were not identified 
until immediately before the cruise. In some cases, pre-cruise familiarization was limited.  

3.2 Reporting Requirements 
Initially the reporting was from the vessel to the Environmental Unit of the UAC, 
transitioning to the SMU once it was established. Reports during the Proof of Concept cruise 
were less structured than those later in the program and were submitted as as-needed 
situation reports and a daily summary. During the monitoring cruises a more formal daily 
report was prepared, which was due to be submitted by midnight local time.  

The format for the field data summary spreadsheets and the sample naming conventions 
originally defined by NOAA during the Proof of Concept cruise were subsequently changed 
(more than once) as a result of efforts to make sample names consistent across all sample 
collection efforts underway during the response. 

Generally the onboard NOAA (or contractor to NOAA) data manager compiled the daily 
reports that left the vessel. This report represented a summary of all the daily activities and 
included: a chief scientist summary for the day, station locations on a map (coded with a 
plume signal strength color after 8 June), a list of samples collected, any onboard data 
generated for each sample, the CTD raw data and plots collected at each location, and the 
results of any completed Rotoxkit M tests. A report on the results of the LISST particle size 
study was also prepared by the research team from DFO and sent on a daily basis, but are not 
included in this document as DFO is analyzing that material. All of the other files associated 
with the daily reports are included in the various Appendices to this document. 
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Table 3.1 Roles and Responsibilities of the Embarked Staff 

Company/Organization Position/Responsibility 

Ecosystem Management & Associates Chief Scientists for most cruises and all onboard 
Rotoxkit M technicians  

NOAA 
Data managers/Winkler DO analysts/agency observers 
and NRDA sample collection/Chief Scientist for two 3-
day cruises on R/V Brooks McCall 

BP Chief Scientist for two 3-day cruises on R/V Ocean 
Veritas 

Entrix Sample handlers/COC/DO meters 

Bureau Veritas, CTEH Air monitoring 

TDI Brooks Vessel crew, oceanographic and navigation services and 
equipment deployment on R/V Brooks McCall 

Stabbert Maritime Vessel crew and equipment deployment on R/V Ocean 
Veritas 

Fisheries & Oceans Canada Particle size analysis (LISST and samples for uv-
fluorescence analysis) 

EPA Present as agency observers on most cruises, voluntary 
assistance on tasks 

Fugro and Fugro Chance Oceanographic and navigation services on R/V Ocean 
Veritas 

 

3.3 Handling and Processing of Samples 

Samples were collected, processed if necessary, then stored and shipped or delivered to on 
board scientists for analysis according to SOPs in Appendix J. Embarked staff from ENTRIX 
were responsible for taking all of the water samples from the Niskin bottles, whether they 
were intended for shipboard analysis or for transport to a laboratory. They also followed a 
regular schedule for the collection of field, transport and recovery blanks, and maintained the 
COC for all samples leaving the ship. ENTRIX also assisted the NOAA data manager in 
completing the daily field sampling logs.  

On some cruises NOAA personnel (or NOAA contractors) took duplicate samples in support 
of the NRDA data collection effort. If so, NOAA personnel were responsible for the 
collection, labeling, and transport via an appropriate COC for all of those samples. 

3.4 Shipboard Analyses 

There were three sets of water samples taken for shipboard analysis – DO, particle size 
analysis (LISST) and Rotoxkit M testing. SOPs for each test are provided in Appendix J. The 
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first two were completed within several hours, but the Rotoxkit M test required 24 hours to 
complete and so was reported the day after collection. 

In addition, the CTD trace was reviewed by the Chief Scientist, the senior scientific staff, and 
any agency observers at the end of each downcast. The information on DO and CDOM 
concentration throughout the water column was then used to establish sampling depths, and 
was included in the daily report to inform decisions at the UAC. The fluorometry data was 
interpreted according to the scale provided in Table 2.4 or, later, Table 2.5 and included on 
the daily station map (Appendix D). 

3.5  Samples for Laboratory Analysis 

Water samples were taken both for laboratory analysis of hydrocarbons and for further 
studies of dispersed oil droplets. The hydrocarbon samples were sent to a series of 
commercial laboratories, after 2 June this was always Lancaster Laboratories. The required 
analyses were defined by a series of Analytical Request Forms (ARFs) which specified the 
analytes of concern. They are included in Appendix J.  
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4.0  Summary of Results 
As part of the monitoring program for the subsea injection of dispersant, the vessels were at 
sea conducting monitoring operations for 112 days with over 404 sample locations occupied. 
Approximately 3300 water samples for hydrocarbon analysis were collected with over 1000 
of those also tested onboard for toxicity using Rotoxkit M during the monitoring phase. 

The program was successful in tracking the dispersed oil plume and collecting samples for 
chemical analysis. The SOPs developed during the early part of the program were used on 
other response projects including operation “Clean Sweep”. However, the use of the onboard 
toxicity testing proved to be of limited value. The most useful information came from the 
onboard CTD data for fluorometry and DO.  

4.1  Proof of Concept Cruise 

The initial cruise of the R/V Brooks McCall was conducted under intense scrutiny due to the 
unprecedented size of the response operation and the untried response option of subsea 
injection of dispersant. While some monitoring information and data were collected during 
this cruise there were severe limitations in equipment. As a result, the R/V Brooks McCall 
did not provide any data which actually confirmed the presence of a dispersed oil plume from 
the subsea injection. The cruise report for this phase (Appendix C) presents all of the data, 
but the information needs to be viewed in the context of later information, which indicated 
that the plume did not rise to the surface. Other observations (aerial, surface, ROV) were 
much more important. 

The Proof of Concept efforts fell into two categories, real-time observations and subsequent 
laboratory analysis of collected water samples. Both of these efforts were hindered by the 
limitations of the CTD array, which could only sample the upper 560 m, or approximately 
one-third of the water column depth in the immediate vicinity of the release point. At the 
time of the cruise this was seen as a minor problem, since modeling efforts indicated that the 
dispersed oil plume would rise to the surface, and so it was anticipated that the sensors would 
be effective. This proved to be a minor problem in comparison to the fact that the 
fluorometer was set to the wrong wavelengths, and so was not useable. 

Real-time data interpretation consisted of the data collected via the CTD sampling program, 
the surface-towed fluorometer (sent as a supplement when the problems with the CTD unit 
were discovered), onboard DO measurements, onboard particle size analysis using the 
LISST, and visual observations made by the embarked scientific crew. Ship board 
interpretation of the LISST data did indicate the presence of some dispersed oil at depths 
below the near surface zone, which at the time was interpreted as being from the subsurface 
injection. Subsequent data, which showed that the dispersed plume stayed between 900 and 
1200 m in depth, indicates that these observations were probably of dispersed oil from aerial 
application to surface oil or physically dispersed oil. Hydrocarbons were also detected with 
the towed surface fluorometer, but were almost certainly all due to physical dispersion of 
surface oil. 

Approximately 100 water samples were collected on this first cruise and were sent off for 
laboratory analysis. Many of these samples appear to have been lost or never analyzed. As of 
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1 April data has been located for only a few samples, most of which were only screened for 
Total Petroleum Hydrocarbons (TPH). Analytical results were difficult to locate and/or 
appeared inconsistent until Lancaster Laboratories began processing the samples on 2 June. 
As a result, hydrocarbon data prior to 2 June is not included in this report. 

4.2  Subsea Injection Monitoring 

As the equipment and logistic issues were resolved, and especially after the addition of the 
second monitoring vessel, this phase of the operation was much more successful in fulfilling 
its objectives than was the Proof of Concept cruise. The three key changes were the ability to 
collect CTD data in depths greater than 1500 m, the addition of the appropriate CDOM 
fluorometer, which was rated to 6000 m, and the addition of the SBE DO sensor. The other 
major change was the implementation of the Rotoxkit M testing. From the onset, concerns 
were raised about the feasibility of onboard toxicity testing. Despite a consensus that this test 
would be the most feasible, it proved to be a difficult test to conduct on a vessel; 
nevertheless, over 900 samples were collected and analyzed during the monitoring program. 

There are gaps throughout the various data sets, as noted in Table 4.1, which includes all 
known data problems except for missing hydrocarbon chemistry results. By far, missing 
hydrocarbon analytical results (primarily from the early cruises in May) are the bulk of the 
un-located data. An attempt was made to locate all of the chemistry results, but was 
unsuccessful. As a result, the table in Appendix G includes only data from 2 June onward, 
when samples were processed by Lancaster Laboratories and the results sent directly to 
EM&A. From the point of view of the monitoring effort this is a minor concern, since the 
information was never a part of the operational decision process. Finally, EM&A was never 
able to obtain post-cruise interpretations of the CTD data files, which would have been more 
accurate than the visual estimates made during the cruises. 

Table 4.1 Missing Data Elements 

Data Set (Date or Station) Missing Data Comments 

OV041 No samples or CTD data Equipment malfunction 
OV056 No CTD trace Equipment malfunction 
OV056 to OV061 No samples Equipment malfunction 
BM168 No data except LISST Station on 7 August in 

shallow water while 
returning to port to collect 
LISST calibration 
information, nothing else 

BM128 No data of any type Number not used, CTD 
trace from BM126 was 
mislabeled with this number 

 
The particle size data collected on the two vessels was used on a daily basis to help define the 
potential presence of dispersed oil, but the actual data was transmitted to DFO for detailed 
evaluation and is not included in the Appendices of this report. Information on that data set is 
available through Dr. Ken Lee (DFO) at the Bedford Institute of Oceanography. 
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In summary, both vessels were successful in identifying and, to some extent, delineating the 
plume of dispersed oil originating from the subsea injection. In addition, indications of the 
potential for environmental effects were obtained from the DO and Rotoxkit M data, neither 
of which ever rose to levels of concern, based on the criteria for operational shut-down. The 
following sections summarize the results obtained for each of the major data sets. 

4.2.1  Basic Oceanographic Parameters 

The CTD was equipped with sensors for salinity, temperature, DO and fluorescence. While 
the latter two parameters were critical to the monitoring program, the salinity and 
temperature data were important as a confirmation of basic environmental conditions in 
comparison to average seasonal conditions in this area of the Gulf of Mexico. Temperature 
and salinity values were consistent with expected values, and can be estimated from the CTD 
plots in Appendix E for each sample station. 

4.2.2  Estimates of Hydrocarbon Concentrations Based on Shipboard 
Fluorometry and Laboratory Analysis of Water Samples 

The CTD – mounted Wet Lab ECO-CDOM fluorometer proved to be a reliable and effective 
tool for defining the presence of the dispersed oil plume. It was difficult to detect and 
estimate concentrations below approximately 1 ppb, but this was more than adequate for 
monitoring purposes. Beginning on 8 June, when a fluorometric signal was observed, it was 
ranked according to the plume rating system in use on board the vessel (see Section 2.2.2). 
Prior to that date there was no standard metric, and the daily reports used the descriptors that 
each Chief Scientist selected. This was confusing and needed to be standardized. When the 
standard scaling system was put in place, there was a consensus on the part of the cruise 
planners that any value in excess of 15 mg/m3 (on the CDOM scale) represented a “high” 
value, and, that without calibration against the Macondo crude oil, any quantitative estimates 
could be misleading. That said, there was generally good agreement between laboratory and 
field estimates, as shown for a subset of samples in Table 4.22, which does not include data 
for “strong” signals, because no fluorometer readings were obtained after June 8 which were 
above 15 mg/m3. 

Based on the subsequent laboratory analyses3, the concentration of TPH in the dispersed oil 
plume was generally in the range of 10 ppb or less after June 8. A retrospective examination 
of CTD data prior to June 8 for this report suggests estimated maximum values, when 
samples were taken close to the origin of the release, were in the 30 to 40 ppb range. The 
highest value observed on the CTD trace occurred on May 29 at station OV011 and is 
estimated as 65 to 70 mg/m3. Unfortunately, as already discussed, little analytical 
hydrocarbon data was found for the early sampling efforts so these estimates cannot be 
confirmed. 

The subsea dispersant monitoring program found detectable levels of hydrocarbons in a zone 
generally located between 900 to 1200 m below the surface. The vessels rarely observed 

                                                           
2 Data set reviewed in sequence beginning with June 8 until 5 values were obtained; ND is non-detect. 
3 TPH was calculated by adding the results for the list of total aromatics and total alkane compounds (see 
Appendix F). BTEX was not included. 
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detectable concentrations outside of this zone except near the surface, where floating oil or 
(possibly) aerially dispersed surface oil was sometimes observed.  

Table 4.2 Comparison of shipboard hydrocarbon qualitative estimates with laboratory 
hydrocarbon analyses for five representative samples for each classification 
category in Table 2.5  

Qualitative 
Field Estimate 
of Observed 

Hydrocarbon 
Levels 

CTD Estimate of 
Concentration 

Range 
Station Date 

Sample 
Depth 

(m) 

Related Sample 
Number 

Calculated 
TPH 
Value 
(ppb) 

Very Weak >Background, but 
<=1 mg/m3 

OV096 7/9/410 375 SW-20100709-
OV08-18 0.26 

OV100 7/9/10 1120 SW-20100709-
OV08-54 2.7 

OV103 7/10/10 1310 SW-20100710-
OV08-23 N.D. 

BM120 7/11/10 1204 SW-20100711-
BM12-51 0.62 

OV107 7/14/10 1175 SW-20100714-
OV09-016 N.D. 

Weak >1 mg/m3, but <=5 
mg/m3 

OVO99 7/9/10 1200 SW-20100709-
OV08-45 0.9 

OV102 7/10/10 11810 SW-20100710-
OV08-17 0.85 

OV104 7/10/10 1200 SW-20100710-
OV08-34 N.D. 

BM123 7/12/10 1150 SW-20100712-
BM12-09 2.8 

BM124 7/12/10 1034 SW-20100712-
BM12-39 2.1 

Moderate >5 mg/m3, but 
<=15 mg/m3 

OV097 7/9/10 1190 SW-20100709-
OV08-24 1.7 

OV098 7/9/10 1200 SW-20100709-
OV08-34 3.7 

OV120 7/16/10 1125 SW-20100716-
OV09-33 3.02 

OV082 7/3/10 1190 OV082031 4.2 
OV083 7/3/10 1180 OV083031 15.1 

 
4.2.3 Dissolved Oxygen Measurements 

While DO measurements were obtained from both the CTD-mounted Seabird SBE 43 
dissolved oxygen sensor and handheld meters in the ship board laboratory, the latter were 
primarily used to confirm the CTD readings. Hand held meter readings were potentially 
influenced by temperature and pressure changes, as well as by the potential for oxygenation 
when the sample was taken from the Niskin bottle, however the results were very consistent. 
There was never a serious reduction observed in the DO levels, even in the depths where the 
dispersed oil plume was observed. The 2 mg/L threshold was never reached. As time passed 
after the injection began, reductions in DO were observed at the depths where the plume 
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occurred. Sometimes these were concurrent with elevated hydrocarbon levels, but not 
always. In any case, the maximum reductions were in the vicinity of one to 1.5 mg/L below 
background, and most were much less. Table 4.3 summarizes all of the available DO 
measurements made using handheld oxygen sensors. 

As mentioned in Section 2.2.2.2, concern over the accuracy of the SBE 43 dissolved oxygen 
probe on the CTD array led to an effort to compare the results for the SBE 43, the hand held 
sensors (membrane or optical), and a Winkler titration conducted by a NOAA-provided team 
of scientists. The team split its time between the two vessels. The stations and study time-
frames were done were BM 141 to BM 167 (29 July to 31 July and 5 August to 6 August), 
and OV 149 to OV 157 (1 August to 2 August). Table 4.4 shows the calculated correlations 
between the three methods. Details of the analysis are included in Appendix H, including 
graphical representations of the data at each station by depth. All methods show a strong 
correlation, but the membrane hand held sensors were the least consistent. 

Table 4.3 Distribution of dissolved oxygen observations measured using the various 
handheld oxygen sensors 

Concentration 
(mg/L) May June July August Total 

1 or less 0 0 0 0 0 

Greater than 1, 
less than 2 0 0 0 0 0 

Greater than 2, 
less than 3 4 33 2 0 39 

Greater than 3, 
less than 4 48 124 24 42 238 

Greater than 4, 
less than 5 101 158 109 168 536 

Greater than 5 158 238 599 639 1634 

 

Table 4.4 Oxygen sensor calibration correlations 

Total Data from Ocean Veritas and Brooks McCall Combined 

Correlation Seabird Optical Membrane 
Winkler 0.83 0.86 0.70 
Seabird  0.85 0.68 
Optical   0.75 
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4.2.4  Rotoxkit M Testing 

The shipboard toxicity testing was a key monitoring requirement of the Directive. Over the 
course of the program a total of 1242 samples were analyzed, composed of 1047 collected 
samples and 195 controls. Out of all of these samples, only 26 (22 collected samples and 4 
controls) showed a mortality greater than or equal to 20% (in full strength exposure media). 
The highest mortality was approximately 59%, but was not correlated with a high TPH value. 
These results, in retrospect, are not surprising. Laboratory testing done using the standard 
Rotoxkit M protocols and Macondo crude oil dispersed with Corexit EC9500A indicated that 
the LC50 value for B. plicatilis was in the range of 10 to 17 ppm, and the highest observed 
TPH values in the field were 50 ppb or less. While it is reassuring that the toxicity criteria for 
stopping dispersant use was never approached, the test did not contribute information to the 
monitoring effort that could not be obtained from interpretation of the fluorometry and 
hydrocarbon analytical data. Table 4.5 summarizes the information for the 26 samples with 
mortality above 20%. Detailed data sheets for the Rotoxkit M testing are provided in 
Appendix I, while the SOP for the test is in Appendix J. 

4.2.5  Particle Size Analysis 

The LISST analyzer was useful in confirming the presence of particles consistent with the 
presence of dispersed oil. The results of the shipboard analysis was a component of the daily 
report. This approach has not been routinely used in oil spill response and may merit 
additional evaluation because it is relatively rapid. Detailed data analysis is being conducted 
by DFO. 
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Table 4.5 Samples with high Rotoxkit M mortality (ND equals non-detect, N/A means no 
chemistry data was found (field samples) or was not run (controls)) 

Date Station ID Sample Number % Mortality 
TPH 
(ppb) 

5-15-10 B20 B20F WA01 25 n/a 
5-15-10 B20 B20J WA01 20 1 
5-24-10 B46 460112-1 20 n/a 
5-29-10 OV010 OV010021 53 1 
5-29-10 OV010 OV010041 43 2 
5-29-10 OV010 OV010061 50 ND 
5-29-10 OV010 OV010071 20 n/a 
5-31-10 BM58 BM5801020 21.55 10.9 
6-2-10 OV015 OV015011 20 ND 
6-2-10 OV015 OV015011 – Control 30 n/a 
6-2-10 OV015 OV015031 – Control 33.33 n/a 
6-2-10 OV015 OV015051 26.67 0.55 
6-2-10 OV015 OV015051 – Control 30 n/a 
6-2-10 OV016 OV016011 26.67 0.73 
6-2-10 OV016 OV016011 – Control 30 n/a 

6-11-10 BM78 BM780103-01 32 0.88 
6-11-10 BM78 BM780105-01 34.78 0.51 
6-12-10 BM79 BM790101-01 38.46 ND 
6-12-10 BM79 BM790103-01 58.62 3 
6-12-10 BM79 BM790105-01 24.14 1.9 
6-24-10 BM104 BM1040105-01 20 6.35 
6-24-10 BM104 BM1040107-01 30 5.95 
6-24-10 BM104 BM1040109-01 33.33 0.35 
7-2-10 OV078 OV079021 23.33 11.09 
7-2-10 OV080 OV080041 20 ND 

7-19-10 BM139 WS-20100719-BM13-32 20 n/a 
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