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Subj: OPERATIONAL SCIENCE ADVISORY TEAM REPORT

On 18 August, 2010 I chartered the Operational Scientific Advisory Team (OSAT) to provide
me with situational data and analysis for use in directing the on-going response operations. The
team developed a strategy to assimilate available data as well as to identify areas where
additional sampling was necessary to guide oil removal activities and assess the presence of
dispersants. This sub-sea and sub-surface monitoring assessment effort was comprehensive and
culminated in a rigorous set of analytical data.

These data sets were gathered and integrated based upon the 13-step Unified Area Command
Strategy promulgated on 18 August 2010. The resulting assessment has guided the oil removal
phase of the Deepwater Horizon spill response. This report includes assessment of data from
tens of thousands of water and sediment samples taken from over 25 different ocean-going
research ships on more than 125 separate cruises and representing over 850 ship-days at sea.
This report focuses on information needed to guide response actions and does not draw
conclusions about the long-term environmental impacts of the spilled oil. Trustee agencies will
continue to study the impacts of this oil spill on the Gulf of Mexico and make assessments under
other authorities. The sampling and assessment data in this OSAT report are available to support
restoration and research objectives including, but not limited to, the Natural Resource Damage
Assessment.

As described in the National Incident Commander’s Directive of 13 August, 2010 and the Sub-
Sea and Sub-Surface Monitoring Strategy dated 18 August, 2010, the goals of this data collection
and analysis were to:
a. Monitor and assess the distribution, concentration, and degradation of the portion of the
oil that remains in the water column and/or bottom sediments;
b. Evaluate the distribution of indicators of dispersant or break-down products of
dispersants used in oil spill response activities;
c. Identify any additional response requirements that may be necessary to address any
remaining sub-surface oil.
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In leading the largest pollution response effort in United States history, I established decision
points on which to base oil removal actions. These decision points were tied to the following
indicators:

a. The presence of oil and/or dispersants. Indicators to evaluate the presence and extent of
oil and/or dispersants were established for each zone.

(1) In nearshore waters, indicators included comparisons of oil and dispersant
concentrations to human health and aquatic life benchmarks, fishery closures, and
qualitative indications of oil presence. In nearshore sediments, indicators
included results of toxicity testing and comparisons to reference locations and
pre-impact sampling.

(2) In the offshore waters, water quality was evaluated using human health and
aquatic life benchmarks and fishery closures. Offshore sediment oil and
dispersant concentrations were evaluated using aquatic life benchmarks and
comparisons to reference locations and pre-impact sampling.

(3) In the deep water environments, the indicators included dissolved oxygen
concentrations, comparisons to aquatic life benchmarks, and fishery closures. In
deep water sediments, indicators included comparisons to aquatic life benchmarks
and comparisons to sampling at reference locations.

These indicators were chosen as the basis for the most aggressive oil and dispersant
removal activities possible to return the impacted environment to pre-spill condition.
Toxicity studies on water and sediment samples were conducted, and will be the subject
of a separate toxicity addendum to this report which will be released in early 2011.

b. Whether oil and/or dispersants are “actionable”

OPA 90 defines a removal action as “containment and removal of oil or a hazardous
substance from water and shorelines or the taking of other actions as may be
necessary to minimize or mitigate damage to the public health or welfare, including,
but not limited to, fish, shellfish, wildlife and public and private property, shorelines
and beaches.”

c. Whether oil removal actions are feasible and consistent with net environmental benefit.

(1) The recovery/removal/treatment action does not present an undue safety risk to
response personnel.

(2) The recovery/removal/treatment actions will not cause or increase injury to
adjacent habitat or resources.

(3) The recovery/removal/treatment action will decrease the recovery time of the
threatened resource or habitat over natural attenuation of the contaminant.
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Based on the robust sampling effort, the expert analysis of the data provided in this report
and the decision criteria summarized above, I have determined that there is no actionable
oil in the water or sediments of the deep water or offshore zones. Ongoing removal
operations will continue where oil remains in nearshore sediments and shorelines.

The Coast Guard was fortunate to have had enormous assistance in this effort from public and
private scientists representing the National Oceanic and Atmospheric Administration, the United
States Geological Survey, the Bureau of Ocean Energy Management Regulation and
Enforcement, United States Fish and Wildlife Service, the Environmental Protection Agency and
numerous academic and oceanographic research institutes and chemical laboratories.



Executive Summary

The purpose of this report is to provide the Federal On-Scene Coordinator for the
Deepwater Horizon MC252 Spill of National Significance with sufficient information to
determine the presence or absence of sub-surface oil and dispersants amenable to removal
actions! under the provisions of the Clean Water Act, the Oil Pollution Act of 1990, and the
National Oil and Hazardous Substances Pollution Contingency Plan.

Response to the Deepwater Horizon MC252 Spill of National Significance (DWH oil spill)
resulted in an unprecedented amount of sampling in Gulf of Mexico waters by multiple
federal, state, and academic entities, as well as by BP (a responsible party). To transition
sub-surface monitoring out of the response phase of the oil spill, the National Incident
Commander (NIC) directed that the Unified Area Command (UAC) develop a
comprehensive plan to implement the detection, sampling, and monitoring strategy for
sub-surface oil and dispersants, as a removal action in accordance with the Clean Water
Act.

The subsequent UAC plans in response to this directive established specific factors to be
considered by the Federal On-Scene Coordinator (FOSC) in making the determination
about when to transition offshore activities from the emergency response phase to the long
term recovery and restoration phase. This decision will be based on: (1) monitoring and
assessing the distribution and degradation of the portion of oil that remains in the water
column, (2) evaluating the distribution of dispersant indicators used in oil spill response
activities, and (3) identifying any additional response requirements that may be necessary
to address remaining sub-surface oil.

The Operational Science Advisory Team (OSAT) was formed by the UAC as a small,
interagency team (see Appendix H) to assess near real-time data collected by the response
relative to specific indicators and to identify sampling gaps as part of an adaptive sampling
strategy. This report provides an assessment of the distribution of actionable (i.e. amenable
to removal actions) oil and dispersant-related chemicals that remain in the water column
and/or bottom sediments and provides a summary of sampling results to inform decision
makers on further oil removal operations. Where appropriate, the report also includes
results from independent scientific investigations into the DWH oil spill. Assessing non-
response questions, including quantitative estimates of remaining oil and the long-term
environmental impacts of the DWH oil spill, are beyond the scope of this report. Additional
monitoring and assessment efforts will be conducted in accordance with Natural Resources
Damage Assessment (NRDA) processes.

! The 0il Pollution Act of 1990 (OPA 90) defines a removal action as “containment and removal of oil or a
hazardous substance from water and shorelines or the taking of other actions as may be necessary to minimize or
mitigate damage to the public health or welfare, including, but not limited to, fish, shellfish, wildlife, and public
and private property, shorelines and beaches.”



Specific Report Indicators

The following specific indicators were established by the UAC to define the presence or
absence of potentially actionable oil:

e (Qualitative observations of oil.

e Environmental risks associated with oil-related organic compounds.

¢ Human health risks from exposure to oil-contaminated water.

e Environmental risks related to dispersant component chemicals.

e Fishery closures.

e Toxicity to benthic invertebrates.

e Comparison of analytical chemistry measurements to reference stations and
measurements from earlier in the year.

¢ Indicators of hypoxia in deep water seaward of the continental shelf.

A discussion of uncertainties associated with applying these indicators across the entire
response dataset is presented in relevant sections throughout the document and is
described in detail in Appendix C.

Key Findings

1.

No deposits of liquid-phasel MC252 oil were identified in sediments beyond the
shoreline.

No exceedances of EPA’s Human Health benchmark were observed.
No exceedances of EPA’s dispersant benchmarks were observed.

Since 3 August 2010, <1% of water samples and ~1% of sediment samples exceeded
EPA's Aquatic Life benchmarks for polycyclic aromatic hydrocarbons (PAHs). Analysis
of individual samples indicated that none of the water sample exceedances were
consistent with MC252. Of the sediment exceedances, only those within 3 km of the
wellhead were consistent with MC252.

Published research indicates that MC252 oil is weathering and biodegrading under
natural conditions. Estimates of weathering and degradation rates vary, precluding the
use of simple empirical models to assess the persistence of residual MC252 oil.

Of the previously closed fisheries, 87,481 mi? (state and federal) have been reopened;
1041 mi2 around the wellhead remain closed. In addition, 4,213 mi2 were closed to
royal red shrimping on 24 November.

! The presence of liquid-phase oil is highlighted here (as contrasted to oil in the form of tar mats or sediment-

entrained oil) for its relevance to decisions regarding recovering oil from the environment



7. Quantitative results indicate that deposits of drilling mud-entrained oil remain near
the wellhead. Seven sediment samples within 3 km of the wellhead collected since 3
August 2010 exceed aquatic life benchmarks for PAHs, with oil concentrations of 2000-
5000 parts per million.

8. The study of tar mats in shallow nearshore waters was identified as a sampling gap.
The sampling methods previously used did not sufficiently address tar mats. A focused
group (OSAT II) has been chartered by the UAC to address this issue.

Based on the analysis of extensive data collected in the nearshore, offshore, and deep-water
zones, the OSAT concludes that sampling was adequate to address the presence or absence
of sub-surface oil and dispersants (with the exception of the nearshore sampling gap
identified in Key Finding 8 above).

Based on the data collected as part of this sampling effort, the OSAT identified sediments
within 3 km of the wellhead as one area of concern with respect to the chronic Aquatic Life
Benchmarks considered. Some sediment locations near the wellhead have concentrations
of oil-related compounds that exceed the aquatic life benchmark, as well as associated
quantities of drilling mud, likely from source control efforts. The decision on whether or
not this oil is actionable lies with the FOSC. Long-term chronic effects to the benthic
environment are being assessed as part of the injury assessment conducted through the
Natural Resources Damage Assessment (NRDA) process.

Observations from qualitative programs in the nearshore sampling zone indicate tar mats
are present in some sub-tidal nearshore areas. These subsurface tar mats could potentially
be remobilized and become a source of shoreline re-oiling. Due to logistical constraints
associated with sampling in the shallow nearshore zone, the sub-surface sampling plans
did not entirely address this region. Current efforts to address this issue within the UAC
include continued monitoring by shoreline assessment teams and the formation of a
specialized group at the UAC (OSAT II) to evaluate existing data and make
recommendations for any additional sampling.
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Section 1: Introduction

The purpose of this report is to provide the FOSC with sufficient information to determine the
presence or absence of sub-surface oil and dispersants amenable to removal actions! under
the provisions of the Clean Water Act, the Oil Pollution Act of 1990, and the National Oil and
Hazardous Substances Pollution Contingency Plan.

During the Deepwater Horizon MC252 Spill of National Significance (DWH oil spill), oil and
gas were discharged from the wellhead approximately 5,000 feet below the sea surface for
87 days until the well was successfully capped on 15 July 20102 The last overflight
observation of potentially recoverable oil on the ocean surface was made on 3 August.
However, both naturally occurring physical processes and the use of dispersants as a
response option led to substantial quantities of dissolved and dispersed oil in the sub-
surface environment of the Gulf of Mexico (“sub-surface” refers in this report to both the
water column and the bottom sediments). Of the total volume spilled,® approximately 1.4
million barrels were estimated to be naturally (630 k bbl) or chemically (770 k bbl)
dispersed, the majority of that amount at the wellhead* (U.S. Coast Guard et al., 2010).
During the DWH oil spill response, a total of 1.84 million gallons of dispersants were
applied both at the surface (1.06 million gallons, primarily COREXIT 9500A and some
9527) and directly at the wellhead on the seafloor (0.78 million gallons COREXIT 9500A)
during the DWH oil spill response (National Commission, 2010b). This sub-surface oil and
the dispersant compounds presented potential public health and ecological concerns.

Beginning in early May, sampling and monitoring operations were conducted in both
surface and sub-surface environments of the Gulf of Mexico to locate any oil and/or
dispersant-related chemicals from the DWH oil spill and the associated response. A
multitude of state and federal agencies performed pre-impact (the period between the rig
explosion and shoreline oiling) sampling and numerous extensive sampling programs
continued throughout the response.

On 3 August, the National Incident Commander (NIC) directed that the Unified Area
Command (UAC) develop a comprehensive sampling plan to assess the presence of
actionable sub-surface oil and dispersant-related chemicals remaining in the environment
(hereafter referred to as the NIC directive). In response, the Unified Area Command (UAC)
implemented the largest sampling and monitoring program ever conducted during an oil-

! The 0il Pollution Act of 1990 (OPA 90) defines a removal action as “containment and removal of oil or a
hazardous substance from water and shorelines or the taking of other actions as may be necessary to minimize or
mitigate damage to the public health or welfare, including, but not limited to, fish, shellfish, wildlife, and public
and private property, shorelines and beaches.” See The Implementation Plan, Section 3 for a more complete
description of a removal action.

? All subsequent dates in this report are 2010 unless otherwise noted.

® The National Incident Command Flow Rate Technical Group estimated that 4.93 million barrels of oil +£10% were
released from the well.

* Deepwater Horizon MC252 Gulf Incident Oil Budget Government Estimates through August 1, 2010 (Day 104)
were generated using an application operated by the USCG and provided by the USGS in cooperation with the
NOAA; see USCG, USGS and NOAA (2010).



spill response. The details of that program were initially set forth by the Federal On-Scene
Coordinator (FOSC) in “The Implementation Plan for Sub-Sea and Sub-surface Oil and
Dispersant Detection, Sampling and Monitoring,” 13 September, hereafter referred to as the
Implementation Plan (UAC, 2010a). This direction was further superseded by the
Operational Annex for Execution and Management of Sub-Sea and Sub-Surface Detection,
Sampling, and Monitoring Missions, 1 October, hereafter referred to as the Operational
Annex (UAC, 2010b) and the 13 November Strategic Plan For Sub-Sea and Sub-Surface Oil
And Dispersant Detection, Sampling, and Monitoring, hereafter referred to as the Strategic
Plan (UAC, 2010c). These documents provide critical context to evaluate the data presented
in this report. They describe (1) the overall sampling plan and rationale, (2) procedures to
enable adaptive additional sampling, (3) approaches to sharing of data, and (4) the role of
the Operational Science Advisory Team (OSAT) in the implementation of the sampling plan
and production of this report.

During the course of the response, over 17,000 samples were collected for the purpose of
environmental review (numerous other samples were collected for a diverse spectrum of
applications, including waste characterization, forensic analysis etc.). Sampling and
monitoring efforts initiated prior to 3 August 2010 were conducted to inform a number of
response decisions. After the NIC directive of 3 August (which approximately coincided
with the last visual observations of oil on the ocean surface), the response initiated a
comprehensive sampling and monitoring program to locate and identify potentially
actionable oil in the sub-surface environment. The transport of oil in the environment can
result in highly patchy patterns of deposition to the seafloor. The sampling and monitoring
program detailed in the Implementation Plan and the Annex was designed with this in
mind using a statistically based approach where practicable for nearshore and offshore
areas. The final samples in that program were collected on 23 October. Analytical
chemistry and toxicity test results collected by multiple agencies throughout the response
were published to Scribe, a data management tool developed by the US Environmental
Protection Agency (EPA) for managing environmental data (Appendix B.1). The analytical
chemistry data used in this report were retrieved from Scribe on 6 December. Complete
results from toxicity tests conducted as part of this response were not available when this
report was written. A complete report on toxicity tests will be published at a later date as
an addendum to this report. The NOAA National Oceanographic Data Center (NODC) served
as the official database and archive for oceanographic data (Appendices B.2, B.6). Data
management protocols were established by the Sub-surface Monitoring Unit (SMU) or the
data originator (Appendices B.3-B.6).

In mid-August, the Operational Science Advisory Team (OSAT) was formed by the UAC as a
small, interagency team to assess near real-time data collected by the response and to
identify sampling gaps as part of an adaptive sampling strategy. The team was tasked with
making timely recommendations to inform response decisions. Therefore, OSAT
recommendations (and this report) include some data that is still being finalized and
validated. In addition, in attempting to include all analytical data collected by numerous
agencies during the response, inconsistencies in methodologies and data reporting led to
numerous issues (not all of which were entirely resolved at the time of this report; see
Appendix C). These inconsistencies do not affect the overall conclusions of this report.



However, the underlying dataset should be considered preliminary and subject to future
modification.

The OSAT reviewed 1) the results of the sampling and monitoring efforts conducted by the
response to monitor sub-surface oil and dispersants, 2) observations from activities
designed to inform other response decisions (e.g. Shoreline Cleanup Assessment Teams
[SCAT]), 3) available reference data from sampling programs in existence before the DWH
oil spill, and 4) results provided by independent researchers within the academic
community. These data were reviewed by the OSAT in order to:

¢ Inform and guide the adaptive nature of the Implementation Plan (Appendix E.4).
e Make recommendations for filling sampling gaps.
e Compare results to specified indicators.

e Provide an assessment regarding the presence of oil and/or dispersants related
chemicals.

This report summarizes the key data reviewed and presents the recommendations and
supporting analyses provided by the OSAT to the FOSC.

The indicators used in this report were chosen specifically to assess the presence of oil and
dispersant-related compounds and not for assessing long-term ecological impacts in all
sub-surface environments. A significant amount of additional work will be necessary to
fully evaluate the acute and chronic impacts of this incident. These investigations are
currently underway as part of the Natural Resource Damage Assessment (NRDA) process.
BP has also established the Gulf Coast Restoration Organization (GCRO) to manage long
term response and restoration activities and the Gulf Research Institute (GRI), which will
fund independent research to study the impact of the incident on the environment and/or
public health in the Gulf of Mexico.



Section 2: Explanation of Indicators

The Strategic Plan established a suite of sediment and water-quality indicators to
determine whether or not oil and/or dispersant-related chemicals have been “detected.”
These indicators (see Table 2.1) were designed to assess impacts on public health and
aquatic life in the immediate context of a removal action. The benchmarks utilized are
intended to identify conditions that may pose an immediate threat to the environment;
adverse effects (sub-lethal and long-term) could also occur at concentrations lower than
these benchmarks.

Table 2.1. Indicators used in the evaluation of sub-surface sampling data
(after Table 3.1, The Strategic Plan).

INDICATORS

Observations and measurements will be compared to:

Nearshore
(shoreline to 3 nmi)

Offshore
(3 nmi to 200 m depth)

Deep-water
(beyond 200-m depth)

benchmarks for PAHs

2. Observations using qualitative
methods (ponar grabs)

3. Significant toxicity to benthic
invertebrates

4. Concentrations measured at the
same station earlier in the year

5. Average concentrations at
reference stations

benchmarks for PAHs

2. Average concentrations at
reference stations

Water 1. Public Health Taskforce Human 1. EPA acute and chronic aquatic 1. Indicators of hypoxia
Health Benchmark for Child benchmarks for PAHs (dissolved oxygen
Swimmer concentration of <2.0
. mg/L)
2. Fishery closures 2. Fishery closures
. . o 2. Fishery closures
3. Observations using qualitative 3. Aquatic benchmarks for
1 q
mec;ch)ods (VIPERS,” snares, sorbent dispersant compounds 3. EPA acute and chronic
pads aquatic benchmarks for
4. EPA acute and chronic aquatic PAHs
benchmarks for PAHs”
5. Aquatic benchmarks for
dispersant compounds
Sediment 1. EPA acute and chronic sediment 1. EPA acute and chronic sediment | 1. EPA acute and chronic

sediment benchmarks for
PAHs

2. Average
concentrations at
reference stations

! Vessels with Petroleum Ensnaring and Recovery Systems

? polycyclic aromatic hydrocarbons




These indicators do not represent injuries to natural resources under NRDA authorities in
Oil Pollution Act of 1990 (OPA 90), which may occur at lower concentrations. The natural
resource damage assessment will evaluate the nature and extent of injuries from the DWH
oil spill and is still in the process of collecting and analyzing relevant data for this purpose.

The areas of the Gulf of Mexico affected by this incident were divided geographically into
three zones, and each zone has specific indicators (Map 7.1). In general, sampling locations
from the shoreline out to 3 nautical miles (nmi) are grouped as the “nearshore” sampling
zone. Sampling locations between 3 nmi offshore and the 200 m bathymetry contour are
grouped as the “offshore” zone. Sampling locations seaward of the 200 m bathymetric
contour are grouped as the “deep-water” zone. However, there were some nearshore
sampling programs that included stations seaward of the 3 nmi state waters boundary (the
state waters boundary is 9 nmi offshore in Florida). These stations are considered as part
of the nearshore sampling zone.

Comparisons of sub-surface data to indicators in this report consider both the entire
sampling period (from early May onward) and the period after 3August alone; i.e. the date
of the NIC directive to assess remaining sub-surface oil and dispersant compounds in the
environment. This date also coincides with the last observations of surface oil by trained
aerial observers. Surface oil observed after 3 August is presumed to be due to
remobilization of stranded oil or from a source other than MC252.

2.1 Fisheries Closures

During the DWH oil spill, concerns over seafood contamination from oil and dispersant
compounds led to a closure of over 88,500 mi? in the Gulf of Mexico to fishing on 2 June
2010 (National Marine Fisheries Service [NMFS], 2010). The UAC determined that the
status of these fisheries closures was one of the indicators to be used in the evaluation of
sub-surface sampling data.

2.2 Concentrations Measured at the Same Station Earlier in the Year

In the nearshore sampling zone, a number of stations were sampled before oil from the
DWH oil spill was transported into this zone. Many of these stations were re-sampled in
September and/or October. Hence, comparison of results from these pre- and post-impact
stations was included as an indicator to be used in the evaluation of sub-surface sampling
data for the nearshore zone.

2.3 Reference Stations

Historical sediment chemistry data obtained from several sampling programs (Mussel
Watch and MMS!?! studies) were used to provide context for observed concentrations
associated with response sediment sampling results. Information from reference stations
(Fig. 2.1) was used to provide historical data for comparison. These reference datasets will
be discussed and referenced in the subsequent sampling zone sections.

! Now the Bureau of Ocean Energy Management, Regulation, and Enforcement (BOEMRE)

10



These reference concentrations do not represent “background” conditions. Concentrations
of PAHs in reference samples do not represent clean or pristine conditions, but represent
average concentrations in the zone of interest before the spill. Other sources of PAHs,
including seeps may be represented in these comparisons.

Figure 2.1. Location of sediment chemistry reference stations for nearshore, offshore, and
deep-water zones.

31
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2.4 Qualitative Observations of Qil

The potential presence of oil in nearshore waters was evaluated using snares and sorbent
pads deployed along areas of the coast. These qualitative methods were used continuously
in some regions and for periodic screening in other areas. Generally, when oil was observed
using these qualitative methods, samples were collected for further chemical analyses. The
comprehensive extent of these nearshore qualitative programs makes them an important
indicator of potential oil contamination in that sampling zone.

2.5 Significant Toxicity

Toxicity tests were conducted on various benthic and pelagic species. Complete results of
those tests were not all available at the time this report was produced. An addendum to
this report presenting those results will be produced at a later date.

2.6 Human Health Benchmarks

Human health benchmarks developed by the EPA in coordination with the U.S. Department
of Health and Human Services are used to assess potential human health risks from
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exposure to oil-contaminated water.! These benchmarks are based on potential cancer and
non-cancer health risks. Where applicable, the benchmarks account for both skin contact
and incidental ingestion of water by a child swimmer, assuming 90 hours of exposure (or
1 hour per day for 90 days). The benchmark consists of screening levels for a number of
compounds, including volatile organic compounds (VOC), polycyclic aromatic
hydrocarbons (PAHs), and metals; see Appendix 1.

2.7  Aquatic Life Benchmarks for PAHs

PAHs are among the most toxic and persistent components of crude oil. PAHs can exhibit
both chronic and acute toxicological effects, and several are suspected carcinogens.
Accordingly, aquatic life benchmarks for PAHs were selected by the UAC as “indicators” to
be monitored.

The EPA established benchmark levels of concern for PAHs in water and sediment to
screen for potential adverse impacts to aquatic life.% 3 For these benchmarks, a total of 41
oil-related organic compounds are assessed jointly through a mixture approach because
they have a cumulative effect on aquatic organisms (Appendix A.3). These compounds
include 7 volatile organic compounds, 16 parent PAHs and 18 alkylated homologues of the
parent PAHs. The individual compounds are given potency divisors, which are used in
calculating the cumulative toxicity of the mixture of compounds in each sample - hereafter
referred to as the acute or chronic aquatic life ratio. Aquatic life benchmarks are
established based on a suite of laboratory toxicity evaluations using contaminated water
and various species, life stages, endpoints, and exposure durations. Sediment benchmarks
are based on equilibrium partitioning theory to calculate dissolved concentrations in
interstitial pore water and compare them to the same thresholds intended to protect
organisms from water column exposures. The amount of total organic carbon (TOC) in the
sediment is factored into the calculation because organic matter binds PAHs reducing their
availability. To assess the potential hazard to aquatic organisms, the aquatic life ratio is
compared to a hazard index of 1. A value >1 indicates that the sample exceeds
concentrations calculated to protect aquatic organisms from acute or chronic effects.
Appendix A.3 describes the calculation in more detail and includes a complete list of these
compounds with their divisors.

Some samples were analyzed only for the parent PAH compounds (this will be noted where
applicable in the following sampling sections). When evaluating a sample in which the
alkylated PAHs were not measured, it is necessary to compensate for their contribution by
using “alkylation multipliers” (Appendix A.3). See Appendix C.3 for a complete discussion
of the development of the multipliers and the uncertainty associated with their use with
regard to the response sub-surface data.

In addition, some samples collected early in the response were not analyzed for all 16
parent PAHs. These samples are included in this report only for the determination of the

! http://www.epa.gov/bpspill/health-benchmarks.html
? http://www.epa.gov/bpspill/water-benchmarks.html
® http://www.epa.gov/bpspill/sediment-benchmarks.html
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human health benchmark or if they exceeded the aquatic life benchmark. Samples with less
than 16 analytes and did not exceed the benchmark, were not included in the total count of
non-exceedances for the aquatic life benchmark.

Samples that exceeded EPA aquatic life benchmarks were reviewed to assess the likelihood
that contamination resulted from MC252 oil. This was necessary since there are numerous
other potential sources for oil related compounds within the Gulf of Mexico. For example,
the National Research Council (2003) estimated that 140,000£60,000 tonnes
(approximately one million barrels) of petroleum hydrocarbons enter the Gulf of Mexico
from natural seeps each year. On an average annual basis the Gulf also receives an
additional 10,400 tonnes (approximately 74,000 barrels) of oil spilled from oil production
operations, transportation accidents such as tanker leaks, and other sources such as
unburned fuel through engines. A three-year study of the source of PAH compounds
detected along the Louisiana coast determined that approximately 50% of sources were
from petrogenic (crude oil) sources, 36% were from pyrogenic (e.g. combustion or engine
exhaust) sources, and 14% were from biogenic or diagenetic sources (Igbal et al., 2008). To
assess the source of the oil related compounds in exceedance samples, the OSAT followed
methods described by Bence, et al. (1993) , Boehm (2006) , Overton et al. (2004) , Page et
al. (1995) , and Wang (1999). Appendix D details the methodology for this assessment. If
enough information was available, a determination was made that the sample was
“consistent” or “inconsistent” with MC252 oil. If examination of the sample yielded
insufficient data to make the determination, the sample was included as “consistent” in all
plots and tabulations of exceedances, i.e. no distinction was made between samples
consistent with MC252 and indeterminate samples.

2.8 Dispersant Benchmarks

A total of 1.84 million gallons of dispersants were applied both at the surface (1.06 million
gallons, primarily COREXIT 9500A and some 9527) and directly at the wellhead on the
seafloor (0.78 million gallons COREXIT 9500A) during the DWH oil spill response (National
Commission, 2010b).

These dispersants break down rapidly in seawater; therefore, water samples were
analyzed for individual dispersant constituents. Benchmarks (based on dissolved seawater
concentrations) for the individual compounds are used to explain the relevance of
measured concentrations of individual compounds, i.e., concentrations above benchmark
levels are “levels of concern.” These benchmarks are based on available biological effects
data and are conservatively designed to protect aquatic life (see Appendix A). Four
dispersant constituents were analyzed during the DWH oil spill response:

e 2-Butoxyethanol

e Dipropylene Glycol n-Butyl Ether (DPnB)
e Propylene Glycol

e Dioctylsulfosuccinate (DOSS)

These compounds represent major constituents of COREXIT, including those with known
toxicology data, and also those with newly established analytical methods. Each of these
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compounds is also subject to wide commercial use in other products beyond COREXIT. If a
benchmark was exceeded, then the potential for other sources of the chemical were also
evaluated.

2.9 Hypoxia

Dissolved oxygen was measured in the deepwater zone as part of the sub-surface sampling
program beginning in early May. Concern was raised early in the spill that biodegradation
of hydrocarbons in the deep dispersed plume would consume dissolved oxygen, potentially
decreasing concentrations to levels that could threaten aquatic life (i.e., hypoxia). Hypoxic
conditions are generally agreed to occur when dissolved oxygen falls below 2 mg/L (1.4
ml/L).
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Section 3: Nearshore Sampling Results

3.1 Description of Sampling and Monitoring Activities in the Nearshore Zone

The nearshore sampling zone is defined as waters inshore of the 3-nmi state waters
boundary (Strategic Plan). Qualitative and quantitative data were analyzed to evaluate the
distribution and concentration of 1) any remaining oil and oil-related compounds, 2)
dispersant-related chemicals, and 3) any associated by-products in this zone.

A number of qualitative observational programs were designed to identify and delineate
sub-surface oil in nearshore areas. Water column detection tactics included snare sentinels,
sorbent pads, VIPERS (Vessel with Intrinsic Petroleum Ensnaring and Recovery Systems),
and snare drag trawls. The snare sentinel and sorbent pad drop programs provided
observations at discrete locations at multiple water column depths. Conversely, the VIPERS
and snare drag trawl programs were dynamic, and the observations were reported along a
cumulative trawl distance. Ponar! samples were used to qualitatively assess the presence
or absence of oil in sediment samples. When potential oil was encountered using these
investigative methods, samples were collected for further laboratory chemical analysis.
These observational programs are described in more detail in the Strategic Plan and in
Section 3.4.

Water and sediment samples were collected (Maps 7.2a/b; Fig. 3.1) in the nearshore zone
at multiple sites for quantitative analysis of oil and oil-related compounds, dispersants, or
by-products. The main nearshore sampling efforts were conducted by the EPA, the U.S.
Geological Survey (USGS), and the Center for Toxicology and Environmental Health (CTEH;
a BP contractor), with additional samples provided by other federal and state agencies. The
nearshore sampling plan was designed to determine if the spill had contaminated the
sediments and surface waters with oil-related products and/or dispersant-related
chemicals. A full description of the derivation of the sampling plan can be found in the
Strategic Plan (or see Appendix E.4 for a brief description).

! A sediment grab sampler
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Figure 3.1. Total number of nearshore water samples collected between 30 April and
18 October, plotted by state and month.
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3.2 Fisheries Closures

Fishery closures and re-openings in the nearshore zone are controlled by state agencies.
States relied on federal and state testing and FDA recommendations to determine whether
fisheries should re-open.

Florida! - On 16 June, Florida Fish and Wildlife Commission (FL-FWC) closed all fisheries
(except oysters) located between the FL-AL state line and Pensacola Beach as a
precautionary response to the DWH oil spill. FL-FWC re-opened the finfish fishery on 31
July, the shrimp fishery on 17 August, and all remaining fisheries on 15 September.

Alabama? - Alabama Marine Resource Division (AL-MRD) of the Alabama Department of
Conservation and Natural Resources (AL-DCNR) closed both recreational and commercial
fisheries when visible oil moved into coastal waters within the nearshore zone. On 1 June,
state waters south of Dauphin Island between Mobile Pass and the AL-MS state line out to 3
nmi were closed. On 4 June, waters east to the AL-FL state line were also closed. Mississippi
Sound waters were closed between Dauphin Island Bridge and AL-MS state line on 10 June. As
of 6 September, all commercial and recreational fisheries in AL state waters were re-opened with
the exception of public oyster reefs, which were closed for rehabilitation purposes.

"http://myfwe.com/QilSpill/index.htm
% http://www.dcnr.state.al.us/fishing/saltwater/dh/Timeline.cfm
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Mississippit - Mississippi Department of Marine Resources (MDMR) closed both
recreational and commercial fisheries when visible oil moved into coastal waters within
the nearshore zone. On 1 June, MDMR closed all recreational and commercial fisheries in
state waters in Mississippi Sound as a pre-cautionary measure. By 1 July, MDMR had closed
all state coastal waters to both recreational and commercial fisheries. On 30 July, MDMR re-
opened all intra-coastal waters to recreational and commercial finfishing and shrimping. By
21 August, all finfish, shrimp, and blue crab fisheries were re-opened. FDA declared oyster
tissue from Mississippi state waters safe to eat on 25 August. MDMR opened oyster beds to
harvesting in select waters on 8 and 20 November.

Louisiana? - Louisiana Department of Wildlife and Fisheries (LA-DWF) began closing
fisheries on the 28 - 29 April as precautionary measures to prevent the harvesting of oil-
tainted or oiled finfish, shrimp, or crabs. The delineation of fisheries closures in LA was
complex due to the geomorphology of the coastline and the numerous back-barrier and
open-water bays. Many of the fisheries were closed between May and August. Re-openings
also occurred during this period; detailed time-series maps of opening and closures are
provided at the LA-DWF website. As of 8 November, 98.5% of state waters have been
reopened for commercial fishing.

3.3 Reference Stations and Pre-Impact Data

The OSAT reviewed sample data from the Mussel Watch program to establish reference
conditions for oil-related compounds that may have been present prior to the MC252 spill.
Since 1986, NOAA’s Mussel Watch program has consistently studied and monitored 300
sites around the country for over 100 organic and inorganic pollutants in sediments,
oysters, and mussels. The Mussel Watch dataset that the OSAT used for the Gulf coast
included data from 1989 - 2007 at 98 unique locations (Fig. 2.1). Only 1 of the 163 total
Mussel Watch sediment samples considered exceeded the chronic aquatic life benchmark.
This sample was collected offshore of Pensacola and had a classic pyrogenic signature
(Appendix D). The chronic aquatic life ratios for Mussel Watch ranged from 1.4x10-5 to
1.26, with an average ratio of 0.020.

Pre-impact sediment samples were collected in the nearshore zone at multiple locations
before landfall of oil associated with the DWH oil spill. Pre-impact samples refer to samples
collected before 15 May for LA and 1 June for AL/MS/FL. These dates approximate the
point in time when visible oil reached the shoreline in these different areas. A total of 239
pre-impact sediment samples were collected in April and May, of which 96 samples had
detected oil-related organic compounds. The chronic aquatic life ratios for pre-impact data
ranged from 0 to 8.5, with an average of 0.13 across all samples. For comparison to post-
impact data, an average chronic aquatic life ratio equal to 0.084 is used, which was
computed from all Mussel Watch and pre-impact data for the Gulf coast.

! http://www.dmr.state.ms.us/

’http://www.wlf.louisiana.gov/oilspill/actions
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3.4 Qualitative Observations of Qil

Various qualitative methods were used to determine if oil was present in the sub-surface
environment. These activities were conducted by the two primary Incident Command Posts
(ICPs) in Mobile, AL and Houma, LA; the two ICPs had defined areas of responsibility
(AORs). With respect to the nearshore sampling zone, the Mobile ICP conducted qualitative
sampling programs in MS, AL and FL, whereas the Houma ICP conducted programs in LA.

Several qualitative programs were designed to detect the presence of oil in the water
column. In the Mobile AOR, VIPERS trawled 266 nmi along the 3 nmi state waters boundary
from Cat Island, Mississippi, to Bay County, Florida between 22 August and 9 September.
Only one small tar ball was recovered near Panama City, FL, on the 24 August and source
characterization analysis indicated it was inconsistent with MC252 (Appendix D).

Sorbent probes were also utilized at 5,880 sites in MS, AL and FL to identify potential oil in
the water column. Potential oil presence was noted at six sites in the MS Sound. Follow-up
(analytical) water samples collected in these areas did not detect oil. Oil was observed on 4
poms from a total of 108 snare drag trawls along 164 nmi in Breton Sound on 14-15
August. The 4 poms were collected from the same general area, and analytical results
indicated weathered MC252 oil equivalent to a total of 10 mg/L of oil. No oil was detected
during snare drag trawls conducted in Barataria Bay on 18-30 August.

Between 25 August and 12 September, 148 snare sentinels were deployed along the
shorelines of Mississippi, Alabama, and Florida; 16 snares were reported as “very lightly
oiled”. The snares along with 36 water samples and 5 sediment samples collected near
these snares were submitted for analysis. Forensic fingerprinting results from all 16 snare
samples were interpreted as “unlikely Macondo (MC252 oil) derived” (Snare Sentinel
Summary Report, 25 September). Analyses of Oil Range Organics (OROs), Volatile Organic
Compounds (VOCs), Semi-Volatile Organic Compounds (SVOCs), Nickel, and dispersant
indicators in water samples were below minimum detection limits. Diesel Range Organics
(DROs) were detected in 2 of 36 water samples at concentrations ranging from 49.7 to 56.0
pg/L. Vanadium was present in 31 of 36 water samples at a maximum concentration of 76
ug/L, well below the 5400 pg/L USEPA Human Health Benchmark for a Child Swimmer.
Fingerprint analyses determined that 1 of the 5 sediment samples was identified as MC252
oil. The remaining four sediment samples were determined to be “unlikely Macondo
(MC252 oil) derived.” The Mobile ICP Operations Unit concluded that no recoverable
amounts of oil were identified using this procedure.

Within the Houma AOR, 449 locations were occupied using a similar snare sentinel
program between 28 July and 2 October (UAC Snare Summary Report, 30 November). Sites
spanned the nearshore region from Caillou Bay east to Chandeleur Sound. Oiled surface
snares were recovered from four regions: Timbalier Bay, Barataria Bay, Chandeleur Sound
and off the Mississippi River Delta. Oiled bottom snares were recovered from Barataria Bay
and Timbalier Bay. Out of 6,911 observations, 40 snare sentinel at 32 unique locations
were reported as oiled (26 top, 12 middle and 21 bottom). The most recent surface
detection was 31 July in Barataria Bay, and the most recent sub-surface detection was 20
September in Barataria Bay. All observations of sub-surface oiling were located off
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previously oiled shorelines. Based on these data, the OSAT inferred that future detection of
sub-surface MC252 oil by Snare Sentinels would most likely be due to remobilization of oil
already present in the nearshore environment (i.e., in known regions of heavily oiled
shoreline), and on 18 October recommended phasing out the Louisiana Snare Sentinel
program (Appendix F.10).

To assess oil presence in bottom sediments, samples were collected at 2066 sites using a
stainless steel Ponar grab sampler in the Mobile AOR. The bottom material was visually
inspected for the presence of oil. If oil presence was suspected, then a representative
sample was sent for laboratory analysis. Based on visual inspection, 32 sediment samples
were sent for laboratory analysis. Three samples collected on the back side of barrier
islands near Pensacola, FL contained detectible oil concentrations.

The three sites confirmed to have oil present in sediments by Ponar surveys, are consistent
with one of the regions identified by SCAT teams as potentially having submerged tar mats.
Early on during the response, the possible formation of tar mats (i.e. submerged
sedimented oil) in the nearshore region was recognized (see NOAA-ORR, 2010 for a
description of how they form). The OSAT noted that a data gap may exist since the
assessment programs were generally unable to monitor in waters shallower than ~10 feet.
Submerged tar mats have been identified in some areas from the lower intertidal zone out
to the super low tide zone by SCAT teams. Tar mat locations have been directly observed
by SCAT teams using snorkeling equipment. Location of tar mats have also been inferred
from observations of shoreline tar ball re-oiling. Currently, SCAT teams are monitoring
these known sites and operational clean-ups will occur if shoreline re-oiling is observed.

3.5 Comparison to Human Health Benchmarks

A total of 6090 water samples were considered for comparison to the Human Health
Benchmarks. (Table 3.1, Map 7.6). None of samples exceeded the EPA benchmark for
human health (child swimmer scenario).

3.6 Comparison to Aquatic Life Benchmarks

Chronic and acute aquatic life ratios were calculated for all samples (water and sediment)
from the nearshore zone in which PAH compounds were analyzed. Of total 6701 samples,
the full suite of analytes was quantified for 511 samples (7.6%). In most of the samples
only the parent PAHs were quantified. The OSAT recognized this issue soon after they
began reviewing the dataset and made a recommendation that all future samples be
analyzed for the complete set of analytes (20 September, Appendix F). Therefore, many of
the more recent samples were analyzed for the full suite of PAHs. These samples are the
most essential for determining post-impact environmental conditions. However, where
only the 16 parent PAHs were reported, mulitpliers were used to account for the missing
alkylated PAHs (Appendices A.3, C.3).

A total of 41 nearshore water benchmark exceedances were observed throughout the
incident (Maps 7.4a/b. Fewer benchmark exceedances were observed in EPA Region 6 (LA
and TX; Fig. 3.2) than in EPA Region 4 (AL, MS, and FL; Fig. 3.3). Of these exceedances, 13
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samples were of indeterminate origin, 19 were considered not consistent with MC 252 oil,
and 9 were deemed consistent with MC252. No water benchmark exceedances measured
after 3 August were consistent with MC252 oil (Table 3.2).

Figure 3.2. Temporal distribution of chronic aquatic life ratios for PAHs in Region 6
(LA and TX) nearshore water samples. Red circles indicate samples that exceeded the
chronic aquatic life benchmark and yellow circles indicate exceedance samples that
were not consistent with MC252 oil. The blue dotted line corresponds to the aquatic
life benchmark of 1. The date tick mark in all figures corresponds to the first of the
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Figure 3.3. Temporal distribution of chronic aquatic life ratios for PAHs in Region 4
(AL, MS, and FL) nearshore water samples. Symbols are the same as in Fig. 3.2.
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