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DISCLAIMER

This guidance document is intended to be used as atool in injury assessments for Natural
Resource Damage Assessment (NRDA) activities under the Oil Pollution Act of 1990 (OPA).
This document is not regulatory in nature. Trustees are not required to use this document in
order to receive a rebuttable presumption for NRDAS under OPA.

NOAA would appreciate any suggestions on how this document could be made more
practical and useful. Readers are encouraged to send comments and recommendations to:

Eli Reinharz, Ecologist
Damage Assessment Center
National Oceanic and Atmospheric Administration
1305 East-West Highway
SSMC #4, N\ORCA\x1
Silver Spring, Maryland 20910
(301) 713-3038 ext. 193, phone
(301) 713-4387, fax
ereinharz@spur.nos.noaa.gov, e-mail address
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PREFACE

Given the numerous and varied oil spill incidents that have occurred to date, it is
abundantly clear that such incidents are difficult to characterize. Therefore, a universal
assessment strategy for all incidentsis inappropriate. The Oil Pollution Act of 1990 (OPA)
recognized this fact, and the regulations implementing Natural Resource Damage Assessments
(NRDA) under the Oil Pollution Act of 1990 (OPA) provide for alogical, flexible, and
cost-effective approach that can accommodate such varied circumstances.

In accordance with OPA and the NRDA regulations under OPA, the guidance provided in
this document serves to describe the approach that trustees may apply to injury assessments. This
document does not direct the user in the selection of specific procedures (or methods) and should
be viewed only as a starting point for the design of injury assessments for NRDAs under OPA.
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INTRODUCTION CHAPTER 1

1.1 Background

A major goal of the Oil Pollution Act of 1990 (OPA)* isto make the environment and
public whole for injury to or loss of natural resources and services as a result of a discharge or
substantial threat of a discharge of oil (referred to as an “incident”). This goal is achieved through
returning injured natural resources and services to the condition they would have been in if the
incident had not occurred (otherwise referred to as “baseling” conditions), and compensating for
interim losses from the date of the incident until recovery of such natural resources and services
through the restoration, rehabilitation, replacement, or acquisition of equivalent natural resources
and/or services.

The U.S. Department of Commerce, acting through the National Oceanic and
Atmospheric Administration (NOAA), issued final regulations providing an approach that public
officias (trustees) may use when conducting Natural Resource Damage Assessments (NRDA)
under OPA.? These NRDA regulations (the OPA regulations) describe a process by which
trustees may:

| dentify injuries to natural resources and services resulting from an incident;

Provide for the return of injured natural resources and services to baseline
conditions and compensation for interim lost services, and

Encourage and facilitate public involvement in the restoration process.

The OPA regulations are included in Appendix A of this document for reference. The
preamble discussion of the OPA regulations, aong with a summary of and response to public
comments received on the proposed regulations, is published at 61 Fed. Reg. 440 (January 5,
1996).

33 U.S.C. 88 2701 et seq.
The OPA regulations are codified at 15 CFR part 990 and became effective February 5, 1996.
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1.2 Purpose and Scope of this Document

The purpose of the Injury Guidance Document is to provide general approaches for
identifying and evaluating injuries to natural resources resulting from incidents involving oil. The
focus of this document is on natural resources. Although services provided by natural resources
are an important aspect of injury assessment and are discussed where appropriate, detailed
identification and evaluation of servicesis outside the scope of the document. Refer to Appendix
B for alisting of other related guidance documents in support of the OPA regulations.

The extent of injury assessment efforts is dependent on the information developed in the
early stages of an NRDA (i.e., Preassessment Phase) and the ultimate goal to make the
environment and public whole. Therefore, a strong link between preassessment, injury
assessment, and restoration planning is necessary. Injury assessment studies should not be
initiated without careful consideration of preassessment information and the need to restore
natural resources and compensate for interim lost services.

1.3 Intended Audience

This document was prepared primarily to provide guidance to natural resource trustees
using the OPA regulations. However, other interested persons may also find the information
contained in this document useful and are encouraged to use this information.

1.4 The NRDA Process

The NRDA process shown in Exhibit 1.1 in the OPA regulations includes three phases
outlined below: Preassessment; Restoration Planning; and Restoration Implementation.

1.4.1 Preassessment Phase

The purpose of the Preassessment Phase is to determine if trustees have the jurisdiction to
pursue restoration under OPA, and, if so, whether it is appropriate to do so. This preliminary
phase begins when the trustees are notified of the incident by response agencies or other persons.

Once notified of an incident, trustees must first determine the threshold criteria that
provide their authority to initiate the NRDA process, such as applicability of OPA and potential
for injury to natural resources under their trusteeship. Based on early available information,
trustees make a preliminary determination whether natural resources or services have been
injured. Through coordination with response agencies, trustees next determine whether response
actions will eliminate the threat of ongoing injury. If injuries are expected to continue, and
feasible restoration alternatives exist to address such injuries, trustees may proceed with the
NRDA process.
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NATURAL RESOURCE DAMAGE ASSESSMENT
Oil Pallution Act of 1990
Overview of Process

PREASSESSMENT PHASE

Determine Jurisdiction
Determine Need to Conduct Restoration Planning

RESTORATION PLANNING PHASE

Injury Assessment
Determine Injury
Quantify Injury

Restoration Selection

" Develop Reasonable Range of Restoration Alternatives

Scale Restoration Alternatives
Select Preferred Restoration Alternative(s)
Develop Restoration Plan

RESTORATION IMPLEMENTATION PHASE

Fund/Implement Restoration Plan

Exhibit 1.1 NRDA process under the OPA regulations.
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1.4.2 Restoration Planning Phase

The purpose of the Restoration Planning Phase is to evaluate potential injuriesto natural
resources and services and use that information to determine the need for and scale of restoration
actions. The Restoration Planning Phase provides the link between injury and restoration. The
Restoration Planning Phase has two basic components: injury assessment and restoration
selection.

1.4.2.1 Injury Assessment

The goal of injury assessment is to determine the nature, degree, and extent of any injuries
to natural resources and services. Thisinformation is necessary to provide atechnical basis for
evaluating the need for, type of, and scale of restoration actions. Under the OPA regulations,
injury is defined as an observable or measurable adverse change in a natural resource or
impairment of a natural resource service. Trustees determine whether thereis:

Exposure, a pathway, and an adverse change to a natural resource or service as a
result of an actual discharge; or

Aninjury to anatural resource or impairment of a natural resource service as a
result of response actions or a substantial threat of a discharge.

To proceed with restoration planning, trustees also quantify the degree, and spatial and temporal
extent of injuries. Injuries are quantified by comparing the condition of the injured natural
resources or services to baseline, as necessary.

1.4.2.2 Restoration Selection
(a) Developing Restoration Alter natives

Once injury assessment is complete or nearly complete, trustees develop a plan for
restoring the injured natural resources and services. Under the OPA regulations, trustees must
identify a reasonable range of restoration aternatives, evaluate and select the preferred
dternative(s), and develop a Draft and Final Restoration Plan. Acceptable restoration actions
include any of the actions authorized under OPA (restoration, rehabilitation, replacement, or
acquisition of the equivalent) or some combination of those actions

1-4



Restoration actions under the OPA regulations are either primary or compensatory.
Primary restoration is action taken to return injured natural resources and services to baseline,
including natural recovery. Compensatory restoration is action taken to compensate for the
interim losses of natural resources and/or services pending recovery. Each restoration aternative
considered will contain primary and/or compensatory restoration actions that address one or more
specific injuries associated with the incident. The type and scale of compensatory restoration may
depend on the nature of the primary restoration action, and the level and rate of recovery of the
injured natural resources and/or services given the primary restoration action.

When identifying the compensatory restoration components of the restoration alternatives,
trustees must first consider compensatory restoration actions that provide services of the same
type and quality, and of comparable value as those lost. If compensatory actions of the same type
and quality and comparable value cannot provide a reasonable range of aternatives, trustees then
consider other compensatory restoration actions that will provide services of at least comparable
type and quality as those lost.

(b) Scaling Restoration Actions

To ensure that arestoration action appropriately addresses the injuries resulting from an
incident, trustees must determine what scale of restoration is required to return injured natural
resources to baseline levels and compensate for interim losses. The approaches that may be used
to determine the appropriate scale of arestoration action are the resource-to-resource (or service-
to-service approach) and the valuation approach. Under the resource-to-resource or service-to-
service approach to scaling, trustees determine the appropriate quantity of replacement natural
resources and/or services to compensate for the amount of injured natural resources or services.

Where trustees must consider actions that provide natural resources and/or services that
are of adifferent type, quality, or value than the injured natural resources and/or services, or
where resource-to-resource (or service-to-service) scaling is inappropriate, trustees may use the
valuation approach to scaling, in which the value of servicesto be returned is compared to the
value of serviceslost. Responsible parties (RPs) are liable for the cost of implementing the
restoration action that would generate the equivalent value, not for the calculated interim lossin
value. An exception to this principle occurs when valuation of the lost servicesis practicable, but
valuation of the replacement natural resources and/or services cannot be performed within a
reasonable time frame or at areasonable cost. In this case, trustees may estimate the dollar value
of the lost services and select the scale of the restoration action that has the cost equivalent to the
lost value.
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(c) Selecting a Preferred Restoration Alter native

The identified restoration alternatives are evaluated based on a number of factors that
include:

Cost to carry out the adternative;

Extent to which each dternative is expected to meet the trustees’ goals and
objectivesin returning the injured natural resources and services to baseline and/or
compensating for interim losses,

Likelihood of success of each alternative:

Extent to which each aternative will prevent future injury as aresult of the
incident, and avoid collateral injury as aresult of implementing the alternative;

Extent to which each alternative benefits more than one natural resource and/or
service; and

Effect of each alternative on public health and safety.
Trustees must select the most cost-effective of two or more equally preferable alternatives.

(d) Developing a Restoration Plan

A Draft Restoration Plan will be made available for review and comment by the public,
including, where possible, appropriate members of the scientific community. The Draft
Restoration Plan will describe the trustees preassessment activities, as well as injury assessment
activities and results, evaluate restoration alternatives, and identify the preferred restoration
aternative(s). After reviewing public comments on the Draft Restoration Plan, trustees develop a
Final Restoration Plan. The Final Restoration Plan will become the basis of a claim for damages.

1.4.3 Restoration | mplementation Phase

The Fina Restoration Plan is presented to the RPs to implement or fund the trustees
costs of implementing the Plan, therefore providing the opportunity for settlement of the damage
claim without litigation. Should the RPs decide to decline to settle the claim, OPA authorizes
trustees to bring a civil action for damages in federal court or to seek an appropriation from the
Oil Spill Liability Trust Fund (FUND) for such damages.
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1.5 Basic Terms and Definitions

Legal and regulatory language often differ from conventional usage. This section defines
and describes a number of important terms used in this document and in the OPA regulations.
Trustees should also refer to the OPA regulatory language of Appendix A (at 8 990.30), and
Appendix C for additional, related definitions.

1.5.1 Baseline

“Baseline means the condition of the natural resources and services that would have
existed had the incident not occurred. Baseline data may be estimated using historical
data, reference data, control data, or data on incremental changes (e.g., number of dead
animals), alone or in combination, as appropriate.” (OPA regulations at § 990.30)

Baseline refers to the condition of natural resources and services that would have existed
had the incident not occurred. Although injury quantification requires comparison to a baseline
condition, site-specific baseline information that accounts for natural variability and confounding
factors prior to the incident may not be required. In many cases, injuries can be quantified in
terms of incremental changes resulting from the incident, rather than in terms of absolute changes
relative to a known baseline. Inthis context, site-specific baseline information is not necessary to
quantify injury. For example, counts of oiled bird carcasses can be used as a basis for quantifying
incremental bird mortality resulting from an incident, thereby providing the basis for planning
restoration.

The OPA regulations do not distinguish between baseline, historical, reference, or control
datain terms of value and utility in determining the degree and spatial and temporal extent of
injuries. These forms of data may serve as a basis of a determination of the conditions of the
natural resources and services in the absence of the incident.

Types of information that may be useful in evaluating baseline include:

Information collected on aregular basis and for a period of time from and prior to
the incident;

Information identifying historical patterns or trends on the area of the incident and
injured natural resources and services,

Information from areas unaffected by the incident, that are judged sufficiently
similar to the area of the incident with respect to the parameter being measured; or

Information from the area of the incident after particular natural resources or
services have been judged to have recovered.
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1.5.2 Exposure

“Exposure means direct or indirect contact with the discharged oil.” (OPA regulations
at § 990.30)

Exposure is broadly defined to include not only direct physical exposure to oil, but also
indirect exposure (e.g., injury to an organism as a result of disruption of its food web). However,
documenting exposure is a prerequisite to determining injury only in the event of an actual
discharge of oil. The term exposure does not apply to response-related injuries and injuries
resulting from a substantial threat of a discharge of oil.

1.5.3 Incident

“Incident means any occurrence or series of occurrences having the same origin, involving
one or more vessels, facilities, or any combination thereof, resulting in the discharge or
substantial threat of discharge of oil into or upon navigable waters or adjoining shorelines
or the Exclusive Economic Zone, as defined in section 1001(14) of OPA (33 U.S.C.
2701(14)).” (OPA regulations at § 990.30)

When adischarge of oil occurs, natural resources and/or services may be injured by the
actual discharge of ail, or response activities related to the discharge. When there is a substantial
threat of a discharge of oil, natural resources and/or services may aso be injured by the threat or
response actions related to the threat.

1.54 Injury

“Injury means an observable or measurable adverse change in a natural resource or
impairment of a natural resource service. Injury may occur directly or indirectly to a
natural resource and/or service. Injury incorporates the terms “destruction,” “loss,” and
“loss of use” as provided in OPA.” (OPA regulations at § 990.30)

Section 1002(b)(2)(A) of OPA authorizes natural resource trustees to assess damages for
“injury to, destruction of, loss of, or loss of use of” natural resources. The definition of injury
incorporates these terms.  The definition also includes the injuries resulting from the actual
discharge of oil, a substantial threat of a discharge of oil, and/or related response actions.

Injury can include adverse changes in the chemical or physical quality, or viability of a

natural resource (i.e., direct, indirect, delayed, or subletha effects). Potential categories of
injuries include adverse changes in:

Survival, growth, and reproduction;
Headlth, physiology and biological condition;
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Behavior;

Community composition;

Ecological processes and functions;

Physical and chemical habitat quality or structure; and

Services to the public.

Although injury is often thought of in terms of adverse changes in biota, the definition of
injury under the OPA regulationsis broader. Injuriesto non-living natural resources (e.g., oiled
sand on arecreational beach), as well as injuries to natural resource services (e.g., lost use
associated with a fisheries closure to prevent harvest of tainted fish, even though the fish
themselves may not be injured) may be considered.

1.5.5 Natural Resources and Services

“Natural resources means land, fish, wildlife, biota, air, water, ground water, drinking
water supplies, and other such resources belonging to, managed by, held in trust by,
appertaining to, or otherwise controlled by the United States (including the resources of
the Exclusive Economic Zone), any State or local government or Indian tribe, or any
foreign government, as defined in section 1001(20) of OPA (33 U.S.C. 2701(20)).” (OPA
regulations at § 990.30)

Natural resources provide various services to other natural resources and to humans, and
loss of servicesisincluded in the definition of injury under the OPA regulations.

“Services (or natural resource services) means the functions performed by a natural
resource for the benefit of another natural resource and/or the public.” (OPA regulations
§990.30)

Natural resource services may be classified as follows:

Ecological services - the physical, chemical, or biologica functions that one natural
resource provides for another. Examples include provision of food, protection
from predation, and nesting habitat, among others; and

Human services - the human uses of natural resources or functions of natural
resources that provide value to the public. Examples include fishing, hunting,
nature photography, and education, among others.
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In considering both natural resources and services, trustees are addressing the physical and
biological environment, and the relationship of people with that environment.

1.5.6 Oil

“ Oil means oil of any kind or in any form, including, but not limited to, petroleum, fuel
oil, dudge, ail refuse, and oil mixed with wastes other than dredged spoil. However, the
term does not include petroleum, including crude oil or any fraction thereof, that is
specificaly listed or designated as a hazardous substance under 42 U.S.C. 9601(14)(A)
through (F), as defined in section 1001(23) of OPA (33 U.S.C. 2701(23)).” (OPA
regulations at § 990.30)

Under the OPA regulations, the definition of “oil” includes petroleum, as well as non-
petroleum oils (i.e., fats and oils from animal and vegetable sources). However, in assessing
injury resulting from non-petroleum oils, trustees should consider the differences in the physical,
chemical, biological, and other properties, and in the environmental effects of such oils on the
natural resources of concern.

1.5.7 Pathway

“Pathway means any link that connects the incident to a natural resource and/or service,
and is associated with an actual discharge of oil.” (OPA regulations at § 990.30)

Pathway is the medium, mechanism, or route by which the incident has resulted in an
injury. Pathways may include movement/exposure through the water surface, water column,
sediments, soil, groundwater, air, or biota.

Pathway determination may include, but is not limited to, an evaluation of the sequence of
events by which the discharged oil was transported from the incident and either:

Came into direct physical contact with the exposed natural resource (e.g., oil
transported from an incident by ocean currents, wind, and wave action directly to
shellfish); or

Caused an indirect injury to a natural resource and/or service (e.g., oil transported
from an incident by ocean currents, wind, and wave action cause reduced
populations of bait fish, which in turn results in starvation of afish-eating bird; or,
oil transported from an incident by currents, wind, and wave action causes the
closure of afishery to prevent potentialy tainted fish from being marketed).
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Pathway determination does not require that injured natural resources and/or services be
directly exposed to oil. Inthe example provided above, fish-eating birds are injured as aresult of
decreases in food availability. However, if aninjury is caused by direct exposure to oil, the
pathway linking the incident to the injury should be determined.

As with exposure, establishing a pathway is a prerequisite to determining injury, except for
response-related injuries and injuries resulting from a substantial threat of a discharge of oil.

1.5.8 Restoration

"Restoration means any action (or alternative), or combination of actions (or aternatives),
to restore, rehahilitate, replace, or acquire the equivalent of injured natural resources and
services. Restoration includes: (a) Primary restoration, which is any action, including
natural recovery, that returnsinjured natural resources and services to baseline; and (b)
Compensatory restoration, which is any action taken to compensate for interim losses of
natural resources and services that occur from the date of the incident until recovery.”
(OPA regulations at § 990.30)

Section 1006(c) of OPA requires natural resource trustees to develop and implement a
plan for the "restoration, rehabilitation, replacement, or acquisition of the equivaent," of the
natural resources under their stewardship. The OPA regulations have addressed this requirement
by defining restoration to encompass all the preceding terms.

The OPA regulations aso include the concepts of primary and compensatory restoration.
Primary restoration is any action that returns injured resources and services to baseline conditions,
including natural recovery. Natural recovery refersto the taking of no human intervention to
directly restore the injured natural resources and services. Depending on the injury of concern,
primary restoration actions may include actions to actively accelerate recovery or smply to
remove conditions that would make recovery unlikely. For each injury (or loss), trustees must
consider compensatory restoration actions to compensate for the interim loss of natural resources
and services pending recovery.

1.6 Injury Assessment Process

The injury assessment process described schematically in Exhibit 1-2 provides the basis for
the organization of this document. The injury selection and study design process often will be
iterative. The ability to conduct effective assessment studies should influence the trustees decision
to include a particular injury in the assessment program. It also is helpful for trustees to have
access to information about typical oil pathways and routes of exposure, and about common types
of injury to natural resources that result from exposure to oil. This information is included in
Appendices C and D of this document, respectively.
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Exhibit 1.2 Injury assessment process.
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DECISIONMAKING FRAM EWORK
FOR INJURY ASSESSMENT CHAPTER 2

2.1 Introduction

The purpose of this chapter isto develop adecisonmaking framework to assst trusteesin
designing the injury assessment component of an NRDA. The framework includes five steps.

Review information on potential injuries from the Preassessment Phase.

Trusteesreview dl of the information and preliminary conclusons relevant to injury
developed during the Preassessment Phase.

Construct inventory of possibleinjuries.

Trustees organize and structure what is known about possible injuries resulting
fromtheincident. A list of important types of information is provided in this
chapter to suggest away to organize information using a common framework
and identify important gaps in knowledge.

In completing this step, trustees will find it important to carefully differentiate between
what is known and what is suspected.

Evauate injuries for strength of evidence.

Trustees evauate possble injuries based on the strength of information for the
injury, relative to what is known and what could be learned from additional
injury assessment efforts.

The term evidence refers to scientific, not legal, information.

2-1



Egablish preliminary restoration objectives.
Trustees st forth a set of preliminary restoration objectives.

These objectives might be based upon a number of factorsincluding
knowledge of the incident gained during the Preassessment Phase, additional
information developed as part of the injury assessment design process, and
the knowledge of experts.

Evauate injuries for relevance to retoration.

Trustees evauate possble injuries based on the relevance (3gnificance and
correspondence) of each injury to restoration.

Although these five steps are presented in a sequentia fashion, trustees may find it useful to review the
process severd times as information becomes available and trustee deliberations continue.

Exhibit 2.1 presents a schematic of the decisonmaking framework and includes referencesto
Section 2.4 of this chapter where each element is discussed in greater detail. An example gpplication of
the decisonmaking framework is provided in Section 2.5.

The decisonmaking framework may be more useful to trustees once the Preassessment Phase
iscompleted. During the Preassessment Phase trustees develop initial documentation about the
incident, pathways and exposures resulting from the incident, the natura resources and services
affected and the specific injuries suffered, and the overdl basis for the restoration actionsthey are
contemplating.? Thisinformetion provides the initial direction for designing the injury assessment.

Before turning to a detailed discussion of the decisonmaking framework and the example
application, the next two sections explain the concepts of injury and restoration.

2 The reader isreferred to the Preassessment Phase Guidance Document, cited in Appendix B.
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Exhibit 2.1

DECISIONMAKING FRAMEWORK
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(Secs 2458 25)
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2.2 Concept of Injury
2.2.1 Definition of Injury

Under the OPA regulations, trustees must determine if the definition of injury has been met.
Injury is defined as an observable or measurable adverse change in anatura resource or impairment of
asarvice and is described in section 1.5.4 of Chapter 1. Thelist of potential adverse changes described
in the OPA regulations and this document is not intended to be inclusive of al injuriesthat trustees may
evauate.

2.2.2 Direct and Indirect Injury

Aninjury can bedirect or indirect. Under the OPA regulations, such adistinction is not
important. However, when designing an injury study, such distinctions may be quite useful in setting
priorities and salecting appropriate methodologies.

Direct injuries can occur when natural resources come into physical contact with the incident
(i.e., discharged oil or response-related activities). Examplesinclude the death of afish exposed to the
discharged ail, or restriction of boat activities for the purposes of cleanup aong awaterbody affected
by the discharge of oil. Indirect injuries may occur when the presence of the discharged oil interferes
with aphysical, chemica, or biologica process important to the natura resource. An example of
indirect injury would be a reduction in growth or reproduction in a population of fish-eating birds when
prey (e.g., fish abundance) is reduced because of direct injury to the prey from the incident. Indirect
injury aso may occur from loss or reduction of services provided by a natural resource (e.g., when a
fishery is closed because of the potentid for oil-tainted fish).

2.2.3 Injury Causality

OPA emphasizes the need for trustees to establish that the identified injuries resulted from the
incident. 1nthe event of an actual discharge of oil, injury determination involves:

Establishing a pathway from the discharge in question to the resource;
Egtablishing that the resource was exposed to the discharge (where gpplicable); and

Demonstrating that the adverse change in the resource relative to basdline was caused
by exposure to the discharge®

3 OPA regulations at § 990.51(b).



To evauate causdlity, trustees may wish to consult the criteria set forth in Fox (1991). The
Fox paper provides adetailed discussion of the many consderations important in establishing causdlity
for environmental changes and sets forth seven specific criteriathat should be evaluated.

These criteriaare summarized briefly below.

Probability: Isthe relationship statistically significant? The demongtration of a
datistical relationship between exposure and an adverse change is an important factor
in evaluating causdlity, provided that the statistical power is adequate. A statistically
sgnificant correlation between exposure and an adverse change does not, in and of
itsalf, prove causdity, but a causal relationship is very unlikely without such a
correlation. However, asdiscussed in detail in Section 3.4.3, satistical sgnificance
should not be equated with biologica or environmental significance.

Time Order: What isthe tempora nature of the association? Does the cause precede
the effect in time or was the adverse change aready occurring? For example, wasthe
population of a particular species declining prior to the incident? Although the timing
of cause and effect may be obscured, the injury should occur during a reasonable time
frame following the incident. For example, did the fish kill occur immediately after the
discharge or two months later?

Srength of Association: Wheat is the degree to which the cause is associated with the
effect (i.e., severity, frequency, extent). Isthe exposed population 200 times or 2
times more likely to suffer the injury than the basdline occurrence of that effect? Are
all organisms affected by the exposure or is only afraction of the exposed population
affected?

Foecificity: How preciseis the cause and effect relationship? Does the adverse change
occur only in the exposed population relative to basdine information? For example, a
decline in reproductive success may be observed following an incident. If that
association is limited to the exposed population, the causation argument would be
srengthened. 1f, however, smilar declines in reproductive success are consistently
found elsawhere (i.e., at reference Sites), the association would be weakened.

Congsgtency on Replication: Has the association been repeatedly observed under
different conditions? The occurrence of an association in more than one population or
species, in different areas, by different researchers, is strong evidence of a causal
relationship.



Predictive Performance: |sthe association strong enough to alow for prediction of
consegquences? Such predictions are based on hypothesis formulation and observation.

Coherence: Doesthe cause-effect hypothesis conflict with knowledge of naturd
history, biology, and toxicology? Isthere a plausible mechanism? Isthere a dose-
response relationship?

2.3 Concept of Restoration
2.3.1 Definition of Restor ation

Trustees must identify a reasonable range of restoration dternatives' for consideration, as
defined in section 1.5.8 of Chapter 1. Each dternative is composed of primary and/or compensatory
restoration components that address one or more specific injuries associated with the incident. Primary
restoration refers to any actions taken to return the injured natural resources and servicesto basgline on
an accelerated time frame. Natura recovery, in which no human intervention istaken to accelerate
recovery of the injured natura resource and service, isincluded under the primary restoration
component. Compensatory restoration refersto any actions taken to compensate for the interim losses
of natura resources and services, from the time of the incident until recovery is achieved.

Each dternative must be designed so that, as a package of one or more actions, the dternative
would satisfy OPA's goal to make the environment and public whole for injuries resulting from an
incident. Acceptable restoration aternativesinclude any of the actions authorized under OPA (i.e.,
restoration, rehabilitation, replacement, or acquisition of the equivalent) or any combination of those
actions.

In generd, both primary and compensatory restoration of services must be accomplished
through actions to restore natura resources or to preserve or enhance the amount, quality, and/or
avallability of natura resourcesthat provide the same or amilar services. This may include actionsto
improve access to natura resources, dthough in selecting such actions, the trustees must carefully
evauate the direct and indirect impacts of the improved access on natura resource quaity and
productivity. Inthe natura resource damages context, a service may not be viewed as an abstract
economic unit or activity that may be restored independently of the natura resources from which the
service flows.

4 OPA regulations at § 990.53(a).



2.3.2 Primary Restoration

Trustees must consider primary restoration actions,” including a natural recovery dternative.
Alternative primary restoration actions can range from actions that prevent interference with natura
recovery (e.g., closing an areato human traffic) to more intensive actions expected to return injured
natural resources and servicesto basdline faster or with greater certainty than natura recovery.

When identifying primary restoration actionsto be considered, trustees should consider
whether:

Activities exist that would prevent or limit the effectiveness of restoration actions (e.g.,
residua sources of contamination);

Any primary restoration actions are necessary to return the physical, chemical, and
biological conditions necessary to alow recovery or restoration of the injured natural
resources (e.g., replacement of sand or vegetation, or modifying hydrologic
conditions); and

Regtoration actions focusing on certain natural resources and services would be an
effective approach to achieving basdine conditions (e.g., replacing essentia species,
habitats, or public services that would facilitate the replacement of other, dependent
natural resource and service components).

2.3.3 Compensatory Restoration

In addition to primary restoration, trustees must consider compensatory restoration actions’ in
the restoration dternatives. The extent of interim natura resource or service losses that must be
addressed by a particular restoration aternative may vary depending on the level and speed of recovery
generated by the primary restoration component of the restoration aternative.

To the extent practicable, when identifying the compensatory restoration components of the
restoration dternatives, trustees should consder compensatory restoration actionsthat provide services
of the same type and qudlity, and of comparable value asthose injured. Thisisthe preferred approach
to identifying compensatory restoration actions. If such actions do not provide a reasonable range of
aternatives, trustees should identify actions that, in the judgment of the trustees, will provide services
of at least comparable type and quality asthose injured. Where the injured and replacement natura
resources and services are not of comparable vaue, the scaling process will involve vauation of injured
and replacement services.

° OPA regulations at § 990.53(b).

6 OPA regulations at § 990.53(c).



In generd, both primary and compensatory restoration of services must be accomplished
through actions to restore natura resources or to preserve or enhance the amount, quality, and/or
avallability of natura resourcesthat provide the same or amilar services. This may include actionsto
improve access to natura resources, dthough in selecting such actions, the trustees must carefully
evauate the direct and indirect impacts of the improved access on natura resource quaity and
productivity. Inthe natura resource damages context, a service may not be viewed as an abstract
economic unit or activity that may be restored independently of the natura resources from which the
service flows.

2.3.4 Relationship between Primary and Compensatory Restor ation

The concept of scaling compensatory restoration actionsisillustrated in Exhibit 2.2. Thefirst
graph characterizes the level of services provided by an injured resource, and the second graph
characterizesthe level of services provided a a compensatory retoration project ste. Timeis
represented on the horizontal axis, and the level of servicesisrepresented on the vertica axis. The
basdline level of servicesisindicated by the horizonta line labeled "basdline.”

If no primary restoration is undertaken, the combined areas A and B would represent the total
services logt from the time of injury until the return of the resources to basdline through natura
recovery. However, aprimary restoration program would promote the recovery and reduce the
interim loss of services by the amount represented in areaB. In other words, the compensatory
restoration project would need to compensate for the loss of A.

Trustees would compensate for the lossin services due to the injury by implementing an on-ste
compensatory restoration project generating additional services represented by area C. The public will
be compensated when the area of C equalsthe areaof A. Alternatively, if natural recovery were the
preferred option, then area C should equal the sum of areas A and B.

It should be clear from this discussion that the salection of a metric to characterize service
levelsiscritical.

A range of primary retoration activities may be consdered by the trustees. Active primary
restoration would achieve a quicker return to basdline, relative to natura recovery, and generdly would
reduce the interim loss of services. However, in some situations, active primary restoration may not be
feasible or desirable and the trustees would develop only a compensatory restoration programin
conjunction with natural recovery.

Exhibit 2.2 assumesthat basdline remains constant over time. This may not dways be the case
(refer to Exhibit 2.3). Trustees should consider whether the basdline level is changing when
planning and conducting an injury assessment.’

! The plotsin Exhibit 2.3 were developed by John Cubit, NOAA, Damage Assessment Center, Long Beach, CA.

2-8



Exhibit 2.2
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2.4 The Decisonmaking Framework

The decisonmaking framework for injury assessment is sructured to ensure that restoration
congderations are an integral part of the injury assessment planning process. Natural resource trustees
may wish to use this framework to assst in designing an integrated and cost-effective injury assessment
that will support restoration.

2.4.1 Review Information from Preassessment Phase

Trustees may wish to begin by carefully reviewing al information and preliminary conclusions
generated during the Preassessment Phase, including the Notice of Intent to Conduct Restoration
Planning as well as other information generated during preassessment activities. In most cases, trustees
aready will be very familiar with preassessment information as they begin to design the injury
assessment. The purpose of thisreview isto ensure the trustees are familiar with al available
information about the incident and environmental characteristics prior to the incident.
2.4.2 Construct Inventory of PossibleInjuries

To ensure that the evauation of possible injuriesis as complete as possible, trustees should
consolidate knowledge about al suspected injuries prior to evauating the injuries for incluson in the
asessment. To compile the inventory, trustees should answer the following types of questions for
each suspected injury.®

What are the natura resources and services of concern?

What are the procedures available to evaluate and quantify injury and the associated
cost and time requirements?

What is the evidence indicating exposure?

What isthe pathway from the incident to the natural resource and/or service of
concern?

What is the adverse change or impairment that congtitutesinjury?
What isthe evidence indicating injury?

What is the mechanism by which injury occurred?

8 OPA regulations a § 990.51(f).
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What isthe potentia degree and spatial and temporal extent of the injury?
What isthe potentia natura recovery period?

What are the kinds of primary and/or compensatory restoration actions that are
feasible?

When completing the inventory, the trustees should critically examine all observations, data, and
assumptions that indicate that specific injuries have occurred or will occur. Trustees should give
careful consderation to contradictory evidence, dternative hypotheses, and possible confounding
factors.

Congtructing the inventory of possible injuries should not require an extensive research effort,
but should instead be based on the knowledge of the trustees and outside experts, and the information
collected during response and preassessment. It may be useful to review the relevant scientific and
damage assessment literature asthe inventory is constructed. To be most useful, the inventory should
not be alist of possible studies that might be conducted in support of an injury assessment program,
but rather should focus on what is known and suspected about injuries from the incident.

Exhibit 2.4 presents an example of atabular format that trustees might use to consolidate this
information. The columnsin the exhibit are keyed to the questionslisted above. This example format
can be varied to meet the particular requirements of an incident. For example, an additional column
could be added to summarize information about basdline trends or two columns could be used to
congder pathway and exposure issues separately. A separate table could be generated for each type of
natura resource (e.g., fish, birds, wetlands). The paragraphs below provide a brief discusson of each
of the questions listed above and in the exhibit.

Exhibit 2.4

INVENTORY OF POTENTIAL INJURIES

Possible Possible
Evidence Pathway Timeto Primary Compensatory
for and Natural Restoration Restoration
Resour ce Injury Services Injury M echanism Exposure Recovery Activities Activities
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What arethe natural resources and services of concern?

Trustees should identify the specific natural resources of concern using precise language to
describe the area, habitat, plant, or animd at whatever leve is appropriate. To complete thisfirst step,
trustees may consder the spatial and tempora extent of the incident, pathways from the incident to
resources, likely exposures, and observed or suspected adverse effects. Appendix D describes awide
range of natural resourcesthat could beinjured by oil. The information in Appendix D canbeused asa
check on the completeness of the list of injured natura resources.

Trustees should also list the specific ecological and human services affected by theinjury. The
trustees should condder the important services provided by the affected natural resources, with particular
atention to the role of those natura resources in the overal ecosystem (e.g., source of clean food, habitat
for rearing of young).

What arethe procedures available to evaluate and quantify injury, and the associated cost and
timerequirements?

The OPA regulations alow for awide range of assessment procedures,” from field or laboratory
procedures, to modd- or literature-based procedures, to a combination of procedures. When practicable,
injury assessment procedures should be chosen that provide information of use in determining the most
appropriate aternative for restoring the injury resulting from the incident. In addition, when selecting injury
assessment procedures, trustees should consider factors such as the time and cost to implement the
procedure, nature, and spatial and tempora extent of injury, information needed to determine and quantify
injury, possible restoration actions for expected injuries, and information needed to determine appropriate
restoration. |f more than one procedure providing the same type and quality of informetion is available, the
most cost-effective procedure must be used.

Under the OPA regulations, injury assessment procedures must meet dl of the following
sandards:

The procedures provide assessment information of use in determining the type and scale of
restoration appropriate for a particular injury;

The additional cost of a more complex procedure is reasonably related to the expected
increase in the quantity and/or quality of relevant information provided by the more
complex procedure; and

The procedures are reliable and vaid for the particular incident.

° OPA regulations at § 990.27.
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What isthe evidence indicating exposure? What is the pathway from the oil to the natural
resour ce and/or service of concern?

For incidents involving an actua discharge, trustees should describe the specific pathway and
mechanism thought responsible for exposing the resource in question to the incident. Trusteeswill need to
evauate whether there is a pathway from the ail to the resource in question and the naturd resource in
guestion was, in fact, exposed to the discharge.

What isthe adver se change or impairment that constitutesinjury?

Trustees should list the specific injury of concern. Known or suspected adverse change should be
defined as precisdly as possble.

What isthe evidenceindicating injury?

Trustees should list the basic facts and hypotheses that suggest that injury has or islikely to have
occurred. Data and observations collected during response to the incident will provide information, for
example, about the extent of animal and plant mortality and perhaps other injuries. There also may be data
on oil concentrations in various media such as water and sediments, and information on the degree of oiling
of shorelines, wetlands, etc. Thisinformation can be combined with the knowledge of experts and with
information found in the published literature to provide the initial line of reasoning supporting injury.

What is the mechanism by which injury occurred?

Trustees should list the mechanism of action thought to have caused the observed or suspected
injury. The trustees may wish to review the relevant toxicological literature and consult with biologists and
environmenta toxicologists knowledgeable about the mechanisms (e.g., suffocation, acute/chronic toxicity,
tissue or cellular damage) of action that cause adverse effects in resources exposed to oil.

What isthe potential degree, and spatial and tempor al extent of theinjury?

In order to adequately assess injury to natura resources and services, trustees must evauate the
degree (severity or magnitude) of theinjury, and the spatia (geographical) and tempora (duration) extent
of that injury.”® Such information alows the trustees not only to prioritize their concerns relative to various
injuries, but ultimately to define the scale of restoration possible given those prioritized injuries.

10 OPA regulations at § 990.52(b).
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Degree of injury may be expressed in terms such as percent mortality, incremental mortality,
proportion of habitat affected, and extent of oiling. Spatia extent may include quantification of the total
areaor volume of injury. Tempora extent may be expressed as the tota length of time that the naturd
resource and/or service is adversely affected, starting at the time of the incident and continuing until the
natural resources and services return to basdline.

What isthe potential natural recovery period?

Trustees must determine not only whether natural recovery*! is possible, but also the rate of such
recovery. Andyss of recovery times may include such factors asthe:

Nature, degree, and spatial and tempora extent of injury;

Senstivity and vulnerability of the injured natura resource and/or service;
Reproductive and recruitment potentidl;

Resstance and resilience (Sability) of the affected environment;

Natural variability; and

Physical/chemica processes of the affected environment.

Although it is desirable to account for these factors and produce a rigorous quarntitative naturd
recovery estimate for a particular natural resource, this may not be practicable for many injuries. Where
quantitative procedures are lacking, inadequate, or unnecessarily costly to precisely estimate natura
recovery times, trustees may use gppropriate quditative proceduresto develop estimates where needed.

What arethekinds of primary and/or compensatory restoration actionsthat are feasible?

Trustees should list actions by which primary restoration of the natural resources and services
might be accomplished.”” Trustees should also list actions that could replace services lost due to the injured
natural resource. These actions might include activities such as acquisition of additional habitat, provison
of food while restoration or natura recovery is ongoing, improvements to facilities to alow enhanced

public uses of the resource, etc.

n OPA regulations a § 990.52(c).
12 Trustees should refer to the Restoration Guidance Document cited in Appendix B for alist of possible restoration
actions.
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2.4.3 Evaluate Possible Injuriesfor Strength of Evidence

The gtrength of evidence for each possible injury should be evaluated based on what is presently
known about the incident and could be learned from additional work during injury assessment. Exhibit 2.5
provides four questions to guide evaluation of strength of evidence, both with current knowledge and with
additional studies. The paragraphs following Exhibit 2-5 provide a brief discussion of each of the
questions.

Exhibit 2.5

QUESTIONSTO EVALUATE STRENGTH OF EVIDENCE

. Can the injury be stated in terms that comply with the definition of injury in the OPA
regulations.

. Can the injury be reliably documented under appropriate quality assurance
procedures?

. Can the pathway of exposure be established through empirical observations,

modeling, or a combination of observations and models?

. Isit reasonable to conclude that the injury was caused by the incident in question or
do other plausible explanations exist?

Can theinjury be stated in termsthat comply with the definition of injury in the OPA
regulations?

Trustees should begin evauating the strength of the information by determining whether they are
able to clearly define the injury in terms consistent with the OPA regulations. Thet is, isthere aninjury as
defined by the OPA regulations? Istheinjury related to an actua discharge of ail, response actions, or a
substantial threat of a discharge of oil?
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Can theinjury bereliably documented under appropriate quality assur ance protocols?

Trustees should evduate the quality of the data that support the finding of injury and should
carefully congder limitations in these data. In cases where amodel-based assessment (e.g., type A
model) is appropriate, field observations and literature searches may generate important corroborative
information. If additional assessment effort is needed, trustees should consider the qudlity of the
findings likely to be generated by these efforts. Chapter 3 provides information trustees should
consgder when designing and evaluating injury assessment studies. To be scientificaly defensible, any
assessment efforts undertaken by the trustees should be designed with a strong quaity assurance
component.*®

Can the pathway of exposur e be established thr ough empirical observations, modeling,
or acombination of observations and models?

In the event of an actud discharge, trustees should evauate the qudity of the dataindicating
that injured natural resources have been exposed to the discharge or affected by theincident. If
additional assessment efforts are needed to further document the pathway of exposure, trustees should
congder the qudity of the findings likely to be generated by these sudies.

Isit reasonable to conclude that the injury was caused by the incident in question or do
other plausible explanations exist?

Trustees should evaluate the qudlity of the data that supports the finding that the injury was
caused by theincident in question.  Adverse effects can occur for avariety of reasons and natura
resources sometimes are affected by other substances or perturbations.

2.4.4 Egtablish Preliminary Restoration Objectives

Trustees should further develop a set of preliminary restoration objectives. Because these
objectives are tentative a this sage, trustees can expect to revise the objectives as the desgn for the
injury assessment is developed and findized. The preliminary objectives will be based on information
gathered during the incident, response, and preassessment efforts, the knowledge of experts, and the
results of thefirst three steps of the decisonmaking framework.

The restoration objectives should set forth a brief list of the restoration endpoints that the
trustees seek to achieve. Trustees should consider listing restoration actions with each objective to
make the objectives more tangible and useful and ordering the objectives by overal importance to the
trustees.

13 Chapter 3 provides an overview of quality assurance procedures for injury assessments.
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For example, imagine that alarge discharge of oil has occurred in acoastal area, resulting in
extensve oiling of the intertidal zone, including salt marshes. Bird, fish, and shellfish mortality are
documented, asistissue contamination in large areas of shellfish beds. The areawas closed to beach
usg, fishing, shdlfishing, and boating for athree-week period. Some shellfish beds are not expected to
be reopened for saveral months and will suffer from reduced populations for approximately three years.
Oiled st marshes will be impaired for approximeately five years.

In this situation, the trustees might develop the following list of preliminary objectivesto guide
the injury assessment process.

Objectivel. Cleanup, isolate, or remediate any continuing sources of oil that would
inhibit natural recovery or limit the success of further restoration
efforts. Actions might include removal of buried oil in agravel beach
that continuesto generate sheens.™

Objective2. Regtore or rehabilitate injured habitats to basdline conditions. Actions
might include replanting of salt marsh vegetation and protection of
oiled areas from erosion during vegetation recovery.

Objective3.  Enhance the recovery of specific injured natural resources and services
that are important to the environment or public. Actions might include
replacement of killed birds by encouraging recolonization of the area
(e.g., nesting sites), reseeding of shellfish beds, and placement of clean
sand on degraded public beaches.

Objective4. Create or enhance habitat or human facilities to provide equivalent
services as compensation for services lost from the onset of injury to
full recovery to basdine. For example, such actions might include
rehabilitation of additiona areas of degraded st marsh near the
discharge area (but not caused by the discharge).

Compensatory restoration actions are typicaly considered after primary retoration actions
have been developed because the scope of compensatory restoration is dependent upon the speed and
effectiveness of primary restoration.

2.4.5 Evaluate Possible Injuriesfor Relevanceto Restoration
The final part of the decisonmaking framework is the evauation of possble injuries for

relevance to restoration. Exhibit 2.6 provides a checkligt to aid the evaluation of relevance of possible
injuries. The paragraphs following Exhibit 2.6 provide a brief discusson of each of the questions.

14 Often, sgnificant sources of oil will be removed during the response action. 1n this example, we assume that

buried oil was discovered after clean-up actions were terminated.
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Exhibit 2.6
QUESTIONSTO EVALUATE RELEVANCE TO RESTORATION

D Relevance to Primary Restoration

. Can the injury be remedied by direct restoration of chemical, physical, or biologica
attributes of the environment?
. Do the trustees conclude, on atentative basis, that active primary restoration is preferable

to natural recovery?

. Can the injury be quantified in away that alows the scale of primary restoration to be
determined?

2 Relevance to Compensatory Regtoration

. Can the environment or public be compensated for lost services through compensatory
restoration such as habitat construction, stocking, or other activities, to replace lost
sarvices?

. Can theinjury be quantified in terms that allow the scale of compensatory retoration to be
estimated?

(1) RelevancetoPrimary Restoration

Can theinjury beremedied by direct restoration of chemical, physical, or
biological attributes of the environment?

Trustees should list possible primary restoration actions considered in the Preassessment Phase
and further evaluate whether these actions are technically feasible and likely to be cost-effective. While
avariety of actions may appear possible at first consideration, experts should carefully evauate the
likely effectiveness of these actions.

Do thetrustees conclude, on atentative basis, that active primary
restoration is preferable to natural recovery?

Trustees should evaduate whether primary restoration actions will result in amore rapid return
to baseline. The time needed to return the injured natura resource to baseline depends not only on the
gpeed with which the restoration action affects the environment, but also on the time required to initiate
the restoration action given the status of the overall assessment of injury, the need for detailed planning
and environmenta permitting, and other factors. Thetota time required to plan, gain regulatory and
public gpproval, and then implement a primary restoration action can be significant.
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Can theinjury be quantified in a way that allows the scale of primary
restor ation to be deter mined?

Trustees should consider how the degree and spatid/tempora extent of primary retoration
might be determined and how the trustees might demonstrate that the primary restoration under
congderation will accelerate the recovery of the injured natura resources. Trustees should be able to
link the primary restoration to the basdline condition of the natural resource developed in the injury
assessment.

(2) Relevanceto Compensatory Restoration

Can the environment or public be compensated for lost services through
compensatory restor ation, such as habitat construction, stocking, or other
activities, toreplace lost services?

Trustees should list possible compensatory restoration actions and consder the feasibility,
costs, and ecologica and human services to be gained from each possible compensation action.
Compensatory restoration actions should generate services that are as Smilar as practicable to the
sarviceslogt asaresult of the incident.

Can theinjury be quantified in termsthat allow the scale of
compensatory restor ation to be estimated?

Trustees should consider how the appropriate amount or scale of compensatory restoration
will be determined and how thiswill be shown to be commensurate with the natura resources and
sarviceslogt. Inthe case of compensation actions, duration as well as degree of replacement servicesis
important.

2.4.6 Consder the Strength of Evidence on Injury and its Relevance to Restor ation

Evauation of strength of evidence and relevance to restoration for each possible injury can
assst trustees in selecting injuries to include in the injury assessment and identifying additional injury
asessment effortsto pursue, if any. Trustees may decide not to include injuries with low relevance
regardless of the strength of evidence on injury. Injuries with high relevance and strong evidence are
obvious candidates for inclusion in the injury assessment. Injuries with high relevance, but weaker
information will need to be carefully considered by the trustees.
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The primary vaue of the strength of evidence on injury and relevance concepts and of the
overal decisonmaking framework isto provide a structure for discussions and deliberations among
trustees and other interested persons. Trustees may find it helpful during these deliberationsto use
some smple tables or graphsto visudize the relationship between strength of evidence and relevance
to retoration for each possbleinjury. Trustees could use a smple table to summarize strength of
evidence and relevance, as shown in Exhibit 2.7, using either terms such as "high" and "low" or
numerical rankings. When trustees use such subjective terms such as "high" and "low," they should
define the parameters of these terms so that there is a common understanding of their use.

Exhibit 2.7

CONSIDERING INJURIESBASED ON THE
STRENGTH OF EVIDENCE ON INJURY
AND RELEVANCE TO RESTORATION

Strength of Evidence
Injury Now With More Study Relevance
A Weak Moderate High
B Weak Weak Low
C Strong Very Strong High
D Moderate Moderate Medium
E Strong Strong Low
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Exhibit 2.8 provides one possible graphicd technique. Strength of evidence for each injury
under congderation is plotted dong the horizontd axis, with injuries with greater strength of evidence
to the right and injuries with weaker evidence on the left. The relevance of each possble injury is

Exhibit 2.8

CONSIDERING INJURIES BASED ON
STRENGTH OF EVIDENCE AND RELEVANCE

Relevance

T A C

More o [ )
D
®

B E

Less L ] P

| )
e \ €2KET Stronger | Strength of Evidence
—

plotted on the vertica axis, with more relevant injuries found above less relevant injuries.

Exhibits 2.7 and 2.8 include five example injuries labeled A through E. Injuries A and C both
arejudged highly relevant, and Injury C isjudged to have strong evidence. Trustees might elect to
include both A and C in theinjury assessment. Limited additional studies might be needed to findize
the evidence for C, while sgnificant additional assessment effort appears needed for A given the
relatively weak evidence at present. Trusteeswould need to carefully congder the cost and time
requirements of possible additional efforts for injury A.

Injury D isjudged to fdl in the middle of both the relevance and strength of evidence scales.
Trustees will often find possible injuriesin this middle area. Decisions to include these types of injuries
in the assessment may depend on whether additional assessment effort can be completed within a
reasonable time period and budget.
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Injuries B and E both are judged to have low relevance. Injury B dso isjudged to have weak
evidence and would likely be dropped from further consideration by the trustees. Injury E isjudged to
have relatively strong evidence and might be included in the injury assessment if little or no further
study of theinjury were required.

Astrustees condder the strength of evidence of possible injuries they will need to carefully
review additiona studies needed to evauate injuries. Trustees may wish to clearly set forth
information about each additional study by developing brief answersto the following questions.

What questions regarding injury and its relevance to restoration will the sudy answer?
How will the study be conducted?

Who will perform the study and what are the qudlifications of the investigators?

How much time and funding will be required?

Isthe study likely to generate valid data and conclusions?

If useful, trustees can include information about the expected change in strength of evidence
shown in Exhibit 2.7 or can plot thisinformation shown in Exhibit 2-9. The horizontal arrowsin
Exhibit 2.9 associated with each injury represent the trustees estimate of how the strength of evidence
for an injury might change after further study.

Continuing the example used above, Exhibit 2.9 indicates the trustees judgment that additional
assessment effort would significantly strengthen evidence for injury A but would have little effect on
the evidence for injury D. Additiond effort was not considered for injuries B and E in view of their
low relevance. Little additional effort isjudged necessary for injury C.

The example table or graphs described above are methods that trustees might use to facilitate
discusson and decisonmaking about the interaction of relevance and strength of evidence. It is
important for trustees to understand that the selection and evauation of injuries will be an iterative
rather than sequential process.  As new information becomes available and trustee deliberations
continue, restoration objectives may evolve and the evaluation of some injuries may change.
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Exhiblit 2.9

CONSIDERING INJURIES AFTER
ADDITIONAL ASSESSMENT EFFORTS

Relevance
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2.5 Example Application of the Decisionmaking Framewor k

The following example of a hypothetical incident and the accompanying evaluation of
potential injuries using the decisionmaking framework are intended to illustrate the type of
process trustees might use during the development of an injury assessment program. The list of
injuries for the example is not meant to be exhaustive, rather, it is intended to include a range of
natural resource injuries and service losses. Similarly, the evaluation of injuriesisillustrative only
and is not intended to indicate any preferred approach to injury assessment.

On June 1, an oil tanker lodged onto a submerged rock ledge while approaching a harbor
inacoasta area. Tank measurements and reconnaissance flights indicated at least 1,000,000
galons of crude oil had been discharged. Initial reportsindicated that salt marshes, recreational
beaches, boating, fish and shellfish, birds, and commercial and recreational fishing were most
likely to suffer adverse effects from the discharge.
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Nearby beaches were threatened with oiling. The beaches provide sunbathing, picnicking,
hiking, surfing, fishing, and shellfishing as recreational activities, along with boat ramps for
launching small vessels. The beaches also provide nesting habitat for several shorebirds.

The oil also threatened extensive salt marshes that provide habitat for birds aswell asa
rearing area for fish and shellfish. These wetlands aso provided flood control and erosion
protection to the area. Bird watchers frequently visit the salt marsh.

The wind and currents carried the oil onshore and oiled large sections of the beaches,
intertidal zone, and salt marshes. Beaches were closed for three weeks immediately after the
discharge. Additionally, small sections of beach were closed throughout the summer to alow for
beach cleaning operations. Several boat launching areas also were closed to public use during the
response action phase of the incident. The launching areas were not oiled, but the closure was
necessary to provide staging areas for clean-up contractors.

The State Department of Health issued a closure for all recreational and commercial
harvests of fish and shellfish for one week. The closure was then partialy lifted to allow for
finfishing, but remained in effect for the harvest of clams, mussels, oysters, and crabs for an
additional two weeks. Some heavily oiled shellfish beds were not reopened for several months
and experienced significant mortality. Shellfish populations in these beds were expected to
require three years to recover.

Recreational and commercial boating activity was restricted by the safety zone established
by the U.S. Coast Guard (USCG) around the damaged tanker, but no further area closures were
implemented. Continued clean-up activity caused areduction in boating activity for three weeks
after the discharge.

The natural resource trustees determined to conduct a NRDA based upon information
collected during the Preassessment Phase. Within the first two days of the discharge, trustees
formed a working trustee council to coordinate early sampling and develop a plan for identifying,
documenting, and quantifying the effects of the discharge.

To develop an injury assessment program, the trustees decided to use the decisionmaking
framework described in this chapter. The trustees have summarized their knowledge and
judgment about the effects of the discharge into an inventory of possible injuries. Exhibit 2.10
includes a portion of the inventory developed by the trustees.
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Exhibit 2.10

EXAMPLE INVENTORY OF POTENTIAL INJURIES

Pathway Timeto Primary Compensatory
Evidence and Natural Restoration Restoration
Resour ce Injury Services for Injury M echanism Exposure Recovery Alternatives Alternatives
Shorebirds mortality, bird watching, dead shorebirds, direct contact with oil washed ashore | unknown attraction of Provide additional
(A) reproductive passive use oiled and broken oil, habitat replacement nesting bird refuges at
impairment eggs, destroyed destruction by oil pairsto the area, nearby beaches.
nests and response crews improve nesting sites
and foraging.
Shellfish mortality, tainting | recreational and dead shellfish, ingestion of oil- oil floats ashore, 3 years Remediate sediments | Provide additional
(B) resulting in commercial samples of contaminated dissolvesin the to provide new clean | shellfishing
closure fishery, clean food | shellfish tissue water, direct water column habitat, monitor opportunities at
contain oil contact with oil water quality data. alternate nearby
sites.
Salt marsh loss of vegetation, | habitat, clean large oiled and uptake of oil by oil entered salt 10 years Remove heavy Purchase and
(© loss of food, erosion devegetated areas | plants and/or marsh and oiled contamination, rehabilitate degraded
productivity control smothering the vegetation replace with clean- wetland nearby.
fill and replant.
Fish mortality, food, contributes dead fish, lower ingestion of oil oil entered salt 4 years stocking of juvenile Provide additional
(D) behavioral to standing stock populations of marsh fish, enhance habitat | recreational fishing
abnormalities, of fishery juvenile fish opportunities.
closure
Beaches oiling of beaches human use, closure direct contact with oil washed ashore | 1year additional cleanup, provide additional
(3 shorebird habitat oil, spill response replacement of sand beach habitat or
access
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Using the information summarized in Exhibit 2.10, the trustees first evaluate the strength
of evidence for each possible injury. Existing evidence for the shorebird and beach injuriesis
judged to be very strong. Evidence for immediate adverse effects on shellfish and salt marshes
also is strong, but evidence for continuing effects and time to natural recovery for these resources
isless conclusive. Evidence for the possible injury to fish is judged to be weak.

Next, the trustees set forth preliminary restoration objectives for the injured natural
resources. These objectives are described in section 2.4.4.

The trustees then consider the relevance to restoration for each possible injury. They
conclude that the possible injuries to shorebirds and shellfish are most relevant to the tentative
restoration objectives, followed closely by the salt marsh injury. The trustees judge the relevance
to restoration of the possible injuries to fish and beaches to be substantially lower than the first
three injuries.

The trustees summarize their evaluation of the strength of evidence and relevance to
restoration by means of the plot shown in Exhibit 2.11.

The trustees also consider the additional assessment effort that might be conducted to
strengthen evidence for the shellfish and salt marsh injuries and prepare fina documentation of the
shorebird and beach injuries. The possible injury to fish is dropped from further consideration by
the trustees in view of the weak evidence and low relevance to restoration for thisinjury.

After considering a variety of assessment approaches and specific studies, the trustees
reach a consensus concerning the best approach for additional study of the four injuries remaining
for consideration. During these discussions, the trustees assess the likely change in the strength of

evidence for each injury if additional studies are conducted and plot this information on Exhibit
2.12.

As Exhibit 2.12 indicates, the trustees judge that additional injury studies would
significantly improve the evidence for salt marsh injury, but would have less effect on the evidence
for shellfish injury. The evidence for shorebird injury already is strong, but would be further
strengthened by modest additional work.

On the basis of the considerations outlined above as well as a variety of other factors, the
trustees decide to pursue injury to shorebirds, shellfish, salt marshes, and beaches. To support
this claim the trustees elect to rely on existing documentation plus additional injury assessment
effort for shorebirds and salt marshes. Shellfish injury will be included based on existing
documentation of closures and mortality, but no additional research on long term effects will be
pursued. Beach injury will be included based on lost services documented during response.
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Exhibit 2.11

EXAMPLE OIL SPILL INJURIES

Relevance
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A: shorebirds B: shellfish C: salt marshes D: fish E: beaches

: Strength of Evidence
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Exhibit 2.12

EXAMPLE OIL SPILL INJURIES AFTER
ADDITIONAL ASSESSMENT EFFORT
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A: shorebirds B: shellfish C: salt marshes D: fish E: beaches
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INJURY ASSESSMENT METHODS CHAPTER 3

3.1 Introduction

This chapter provides basic guidance on program management, quality assurance, and
gatigtics, and introduces four general injury assessment methods (procedures), literature
reviews, field studies, laboratory studies, and modeling studies. The generd methods listed
here are not meant to be an exhaudtive ligt, nor are they mutually exclusve. Methods may be
combined within an injury assessment study. Trustees often may find that results obtained
during the early stages of an assessment suggest changes in the type or extent of ongoing
assessment activities. Thus, the methods being used should be reviewed throughout the study
to ensure that findings are being developed in the most efficient manner possible.

3.2 Injury Deter mination and Quantification

Aninjury assessment evaluates whether adverse effects resulted from an incident and
the severity, geographic extent, and duration of those effects. Injury determination and injury
quantification, respectively, are terms used to describe these two inter-related components of
an injury assessment.

Determination of injury caused by direct exposure to a discharge of ail requiresthe
trustees to demongtrate that:

A pathway exists between the discharge and the natural resource of concern;
The resource was exposed to the discharge; and

Exposure has caused an adverse effect on the resource.

If an injury was not caused by direct exposure to the discharged oil, trustees should document
an adverse effect and demondirate that the effect resulted from the incident.

Injury quantification involves determining the severity, extent, and duration of the
adverse effect. Trustees have the option of quantifying the adverse effect directly and/or
quantifying the reduction in services provided by a natura resource caused by the incident.
The naturd resource or service change is defined as the difference between post-incident
conditions and basdline conditions.



It isimportant to quantify injury in ways that alow the scale of restoration actionsto be
determined. For example, benthic injury may be quantified by determining the area of sediment
where oil concentrations are, or have been, above a threshold concentration sufficient to cause
injury. Restoration actions may then be scaled based on the area of sediment that must be
restored and/or compensated.

Although the OPA regulations describe injury determination and injury quantification
as separate steps, they often are performed together. Trustees should design a suite of studies
that serve thisdua purpose and that ultimately alow trustees to scale restoration activitiesto
match the extent and severity of injuries. 1n addition, thinking about injury determination and
quantification issues concurrently will result in studies that do not require additiona data
collection or study revison. For convenience, injury determination and injury quantification
issues are discussed together throughout this chapter.

3.3 Program M anagement

The NRDA process can be a complex undertaking, involving a variety of technica and
adminigtrative activities, trustee staff from multiple jurisdictions, and experts from arange of
technica disciplines. These various activities and personnel must be coordinated to ensure
that:

Relevant and high quality assessment information is collected;

Critical decisons are made in atimely manner with input from al co-trustees,
and

The overall assessment is conducted in an efficient and cost-effective manner.

The level of effort necessary for program management will vary according to the
complexity and significance of the incident, but regardless of the complexity, trustees should
condder developing a management plan that structures both the overal injury assessment and
individual components of the assessment. Planning and organizational considerations should be
addressed early in the process, idedlly evolving from the management structure established as
part of pre-incident planning or during the preliminary assessment. Details of the individual
studies should be developed by the specific investigators, but the trustees should provide
overdl guidance and a management framework that assigns clear reponsibilitiesto the
investigators. Common elements of a program management plan are discussed below.



3.3.1 Overall Administrative Structure

The management plan should address the overal coordination and conduct of the
NRDA by establishing an organizational structure and decisionmaking process. In most cases,
the trustees will develop a Memorandum of Understanding (MOU) to address basic
coordination and decisonmaking. The roles of each trustee should be clearly specified.
Trustee coordination is crucid to an effective NRDA because most incidents involve multiple
trustees with overlapping interests. Coordination of trustee activities will avoid redundant
assessment activities.

Activities that may be consdered in establishing an overal structure include:

Forming a co-trustee council;

Selecting alead adminidtrative trustee (LAT);

Determining roles of the various co-trustees and specific personne!;
Egtablishing overal budgetary and cost-accounting procedures,

Allocating assessment activities among co-trustees, including contract
management;

Scheduling; and

Determining and facilitating participation by the RPs.
3.3.2 Lead Administrative Trustee (LAT)

The lead administrative trustee (LAT) is the agency responsible for coordinating and
managing the NRDA process. This coordination is essentia to the efficient and timely
completion of the assessment. When an incident involves more than one trustee agency, the
trustees, by consensus, should select aLAT to coordinate the assessment. The LAT does not
need to be a Federa agency, nor doesthe LAT responsibility need to stay with one trustee over
the entire assessment.



In designating aLAT, trustees may wish to consder such factorsas.

Jurisdictiona or natura resource oversight (e.g., which agency hasthe
preponderance of affected resources);

Demonstrated technical and administrative capability and willingness to manage
the NRDA process,

Current workloads; and

Avallability of staff and supporting infrastructure.

The specific role of the LAT may be determined on a case-by-case basis. However, it
isimportant that the role be clearly defined because of the LAT's central role. Examples of
LAT duties may include:

Coordinating the co-trustees,
Coordinating with the RPs and response agencies;
Scheduling regular meetings and preparing agendas,

Overseeing completion of critical documents and distributing documents, data,
and information;

Facilitating co-trustee review and comment on draft documents,
Maintaining the administrative record, tracking samples and evidence;
Monitoring assessment progress and scheduling critical elements; and

Managing recovered damages.



3.3.3 Establishment of a Technical Team

Depending upon the sze and complexity of the NRDA, atechnica team may be
established. The management plan should include the establishment of such ateamto design
and implement technical aspects of the assessment. Each trustee agency should participate and,
in a cooperative assessment, the RPs dso may be represented. The roles of each person on the
technical team should be clearly specified.

The technica team would generally have the responsibility for:

I nterpreting preassessment information;

Establishing the scope of the injury assessment, including selection of candidate
injuriesfor evduation;

Developing assessment goals, objectives, and strategies,

| dentifying specific studies and anticipated findings,

Defining data quality management;

Selecting contractors and experts;

Determining appropriate assessment methods;

Reviewing study proposdls,

Providing technica oversight of studies and interpreting study results;

Providing Ste safety planning; and

| dentifying overdl restoration objectives.



3.3.4 Logistical Considerations

The management plan should addresslogistical responsihilities by making specific
assgnmentsto trustees. Certain activities may be consolidated under one trustee'sjurisdiction
(e.g., the LAT may manage the administrative record) while other activities may be conducted
by each trustee agency (e.g., cost accounting). Logistical consderations may include:

Scheduling assessment activities and deliverables, including critical decision-
points and key points for input from or output to other studies;

Scheduling regular trustee and peer review mesetings,

Establishing and maintaining an information management system, including
digtribution of documents, maintenance of the administrative record, and
evidence tracking and storage;

Financia management;

Facilitating public involvement; and

Complying with statutory and regulatory requirements.



3.3.5 Litigation Requirements

The results of injury assessment studies ultimately may be used in litigation against the
parties responsible for the incident. The possibility of litigation requires that trustees take
additional stepsin development, conduct, and management of NRDA studies. All parties
involved should be aware of the relevant regulations and litigation consderations, including:

Scientific requirementsfor evidence. Information collected during the
assessment process may be used as evidence. Therefore, appropriate qudlity
assurance and chain-of-custody procedures must be identified and followed to
ensure that data and analyses are technically sound, legaly defensible, and cost-
effective.

Data and I nformation M anagement. Data and information management are
critica throughout the NRDA process. Samples, data, and other evidence
must be maintained pending the final resolution of the incident and expiration
of the time period allowed for any changesto, or appeals, of that resolution.

Cost Accounting. Assessment costs are one element of aclaim. Inorder to
recover these cogts, dl persons participating in the assessment should be aware
of cost documentation procedures.

3.4 General Assessment Considerations
A key dlement in the design and conduct of injury assessment studies (regardless of the
genera method sdlected) isaclear understanding of how the data generated during the study

will be used. This section addresses three important factors related to the collection and
ultimate use of assessment data

Use of appropriate expertise;

Development of explicit questions that can be evaluated during the assessment;
and

Determination of the most effective techniques for analyzing and presenting the
data



3.4.1 Use Appropriate Expertise

Injury assessments are based on scientific data that often are limited and subject to
conflicting interpretations. Appropriate expertise is necessary to:

Focus and design the assessment;

Evauate and select assessment procedures,

Determine the relevance and quality of available data;

Develop hypotheses based on logic and scientific principles; and

Interpret the significance of observed, measured or predicted impacts.

Because appropriate expertiseis critica, an experienced interdisciplinary team enhances the
likelihood of a successful injury assessment.

3.4.2 Develop Explicit Questions
To focus the design of each injury assessment study, trustees should clearly formulate

the questions to be evauated by the study. To do this, trustees may find it helpful to ask a
number of questions.

What are the basic facts regarding the injury?
What additional information would contribute to the injury assessment?

What must be measured or observed in order to obtain this additiona
information?

Will it be possble to gather this information in an efficient and effective
manner?

How confident are we that the study can be carried out successfully?

What utility will the information provide to our restoration efforts? (i.e., Will
we be able to quantify the injury in away that alows usto scale restoration

actions?)



Through a careful consderation of these questions, trustees can focus each study on clear and
explicit questions, thereby increasing the possibility of obtaining useful data. See chapter 2 of
this guidance for a more thorough discussion of these consderations.

3.4.3 Develop Valid Study Designs'

Trustees should seek experienced atistica experts and condder data andysis and
satigtical issues at the beginning of the study design process. This section describes some of
the generd statitica techniquesthat trustees may need to consider in the design of an
assessment study, but is not acomplete presentation of al of the andytica and gtatitical
techniquesthat could be used in an injury assessment. Trustees may wish to consult Eberhardt
and Thomas (1991), Gilbert (1987), Hurlbert (1984), and Zar (1984) for additional
information.

Typicdly, the analysis of injury assessment data requires the application of descriptive
and inferential satistical methods to assess the likelihood that a change has occurred in a
natura resource. These techniques can be used to describe conditions at the assessment ste
and at reference Stes and to determine whether there are any statisticaly sgnificant differences
between the sites with respect to the distribution and concentration of oil and level of adverse
effectsthat can be attributed to exposure to oil. These techniques aso may be used to predict
the degree of a pecific response given a particular level of contamination.

The primary objective of statistical anadyssisto infer the characteristics of agroup
based on examination of a sample from the group. The process of sampling introduces
uncertainty because only partia information is acquired and observations vary from sample to
sample. The variahility in samplesis attributable to several sources, including natura
variahility, chance or sampling variability, and measurement variability (also called
measurement error). A primary goal of dmogt al satistical analysesisto identify and
understand systematic effects (e.g., effects from the incident) while accounting for the
influences of these sources of variahility.

The portions of this section that describe statistical concepts are drawn from MacDonald et al., 1992.
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Thelogic of gatistical inference is based on evauating a particular question, formulated
as atestable hypothesis or null hypothesis, on the basis of results from asample. The
hypothesisis assumed to be true and is evauated on the basis of the satistica evidence
contained in the obtained sample. 1t also is assumed that the sampleis randomly selected so
that the laws of probability may be invoked to evauate the sample data with respect to the
hypothess. The null hypothesisistested againgt an dternative hypothesis that represents an
aternative explanation. A decison will be made by atest of the null hypothesis against the
dternative hypothesis assuming a possible error leve (sgnificance or dphalevel) of the test.
Based on the value of atest statistic computed from the sample and whose distribution is
determined by the null hypothess, a measure of likelihood of the particular sample, called the
sgnificance probability (p-vaue), can be computed. Thisvaue isameasure of how likely the
obtained sample isif the null hypothesisistrue, assuming the particular assumptions of the
datistical test are valid. Because of the nature of inductive inference, it is generdly desirable to
define the dternative hypothesis as the conclusion for which one would like to test for validity.
Technically, the null hypothesis should never actually be accepted, rather it should only be
concluded that there isinsufficient reason to reject it.

There are two genera types of Satistical methods, parametric and nonparametric, that
provide the primary means of testing null hypotheses. Parametric methods are employed to
test hypotheses formulated about the characteristics of population parameters, such asthe
population mean and variance. All parametric methods are based on certain assumptions
pertaining to the parent population(s). These assumptions may differ depending on the specific
method.

These assumptions might include:

Samples are collected from a population of normal distribution;
Parent populations have the same variance;
The sze of the variance isindependent of the size of the mean; and

The samples are independent.

Sample sizes permitting, these assumptions should be tested prior to the formal gpplication of
parametric datistical tests.
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Populations in environmenta studies frequently provide datathat do not meet the
assumptions of parametric tests. One solution in such a caseisto transform the datausing a
transformation such as the logarithmic transformation so that the data to be analyzed meet the
required assumptions of the statistical method. The use of transformations, however,
complicates the interpretation and presentation of the results, so this technique should be used
with caution. An dternative that is becoming more widely adopted by investigatorsisto
employ nonparametric methods in cases where parametric methods involve assumptions not
apparently met by the data. Nonparametric methods involve ranking the data and do not
require such stringent assumptions regarding the parent population. Thus, they are less
affected by departures from assumptions than parametric methods.

Additionally, because they are based on ranks of the data, they are not serioudy
affected by extreme values, red or artifacts, inthe data. While nonparametric methods are
generdly not quite as powerful in regjecting a null hypothes's as parametric methods when the
assumptions of parametric methods are met, they are nearly as powerful in such circumstances,
and when the conditions of parametric procedures are not met, they are clearly preferable.
Statistical analysis merely provides a means of evaluating the likelihood of an hypothesis based
on information generated through sampling. There are two types of significance to congder:
datistical and biological. It isimportant for trustees to keep in mind that satistically sgnificant
results are not necessarily "meaningful” in the sense that they demongtrate the injury trustees
aretrying to measure. This point is made clear by the Nationa Research Council in"Managing
Troubled Waters' (NRC, 1990):

Virtudly any change can be satistically sgnificant, depending in part on the
sampling effort. Thus. . . asmall sampling effort will detect only large changes, but
one with an intensive sampling effort could find even extremely small changes
satigticaly sgnificant. Whether changesin the environment are Satistically significant
has no bearing on the extent to which the changes may be either meaningful or
important...

The OPA regulations do not mandate that results of injury assessments meet any pre-
determined level of gatistical sgnificance. Inthe most general sense, valid injury determination
and quantification requires only the use of accepted scientific practices by competent
investigators so that the results clearly indicate an adverse change in aresource or service.
Statigtical sgnificance should be viewed as one tool that could help demonstrate injury.
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3.5 Quality Assurance?

Aninjury assessment can include many individua studies conducted by a team of
investigators using different methods and generating a variety of physica, biologica and
chemica data. Because these data are used to draw conclusions with respect to injury
determination and quantification and may be used in litigation, al of the data must be of
known, acceptable, and defensible quality and be properly documented.

A quality assurance program provides the framework for developing data with these
atributes. The program should be developed and implemented at the start of the NRDA
processto alow the inclusion of al of the injury determination components, including field
sampling and data collection. All generated data (e.g., andytica chemistry, bioassays, field
counts) are subject to the same qudity assurance process.

Development of the quality assurance program is most successful if undertaken asan
interactive and iterative process. The leaders of the various studies should work cooperatively
with the Qudity Assurance (QA) Coordinator to design and implement aredlistic quaity
assurance plan for their work. The oversight and coordination of these various plansisthe
responghility of the QA Coordinator, who ensuresthat the data quality needs of the NRDA are
met. The size and complexity of the quality assurance program depends on the needs of the
particular assessment. Trustees should keep in mind that it may be just asimportant to have
defensible data for a spill of 5,000 gallons asit isfor a spill of 500,000 gdlons. The following
guidance provides an outline and brief description of the components of the quality assurance
program.

As described by Taylor (1987), each quality assurance program should consist of:

Quality Assurance: A system of activities that provide to the producer or
user of aproduct or a service the assurance that it meets defined standards of
quality with a stated leve of confidence.

Quality Control: The overall system of activitiesthat control the quality of a
product or service S0 that it meetsthe needs of the users. Theamisto provide
quality that is satisfactory, adequate, dependable, and economic.

Quality Assessment: The overal system of activities that provide assurance
that the overal quality control job is being done effectively. Thisinvolvesa
continuing evaluation of products produced and the performance of the
production system.

2 This section was drafted by Carol-Ann Manen, NOAA, Damage Assessment Center, Silver Spring, MD.
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In practice, a quality assurance program consists of &

Document describing the objectives of the injury assessment process (i.e., data
quality objectives) and the QA practices to be implemented;

Development and implementation of a set of practices that will result in data
meeting the objectives (this should include compliance with Good Laboratory
Practice Standards, as described in the Toxic Substances Control Act, 40 CFR
Part 792, for Standard Operating Procedures (SOPs) and physical/chemica
and biological test systems and specific steps or responsibilities for correcting
any deviations from the desired data qudlity); and

Development and implementation of a method(s) for assessng whether the
program is functioning as planned.

These program elements should be documented and available for review and inclusonin the
Adminigtrative Record for the assessment.

3.5.1 Quality Assurance Practices

There are avariety of quality assurance practices currently in use; some of these
practices are more useful for one type of measurement than others. Because injury assessment
studies may use a variety of measurements, the quality assurance practices outlined in this
guidance document represent an integration of Good Laboratory Practice Standards (GLPS),
Contract Laboratory Program requirements, and experience gained from the USEPA's Puget
Sound Estuary and Environmental Monitoring and Assessment (EMAP) Programs and
NOAA's Nationd Status and Trends Program.

3.5.2 Quality Assurance Project Plan

Every Principa Investigator of a data-generating study should prepare and follow a
plan that defines explicitly what isto be done in each measurement stuation. This plan may be
referred to as a Quality Assurance Project Plan (QAPP), a QA Plan or a Sampling and Analysis
Plan (SAP). Each plan should be prepared by the Principal Investigator or his(her) designee
and include the data qudity requirements for that study.
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The plan should specify the:

Methodology to be followed in collecting or generating the samples and data
(e.g., sandard operating procedures or SOPs);

Number and types of samples and quality control materials, including
procedures to be used in generating or collecting the data; and

In-house quality assessment procedures to be used in evaluating the data.

The USEPA has developed guidance (Stanley and Verner, 1983) for what information
should be included in these plans and how the information should be organized. This guidance
issummarized in Exhibit 3.1. This guidance may not be gpplicable in totd to al injury
determination and quantification studies. Severa of the topics included in Exhibit 3.1 are
discussed below.

Project Description: If possble, the study goas should be stated as a quantitative,
testable hypothesis. An example of such a statement, taken from EMAFP:

Over adecade, for each indicator of condition and resource class, on aregiona
scale detect, at aminimum, alinear trend of 2% (absolute) per year (i.e. a20% change
for adecade), in the percent of the resource class in degraded condition. The test for
trend will have a maximum sgnificance level of alpha= 0.2 and a minimum power of
0.7 (i.e. beta=0.3).

This statement provides the criteriato design asampling and analysis program within the cost
and resource congraints or technology limitations that may be imposed upon the study. Also,
with this statement, the uncertainty that can be accepted in the measurement data can be
defined.

Project Organization: Responshilitiesfor field and laboratory personnel should be
clearly indicated. Include phone and fax numbers.

Quality Assurance Objectivesfor M easurement Data: Representativeness,
completeness, and comparability are difficult to quantify (Taylor 1987). They relate primarily
to the study design, the selection of sampling and andytical methodologies, and the resulting
database. Precison and accuracy are quantifiable criteriathat are developed for the different
collection and measurement systems (and the individual components within those systems)
being used in the study.

3-14



Exhibit 3-1

DESCRIPTION OF THE SUGGESTED SUBJECT AREAS
OF A QUALITY ASSURANCE PROJECT PLAN

Subject Area

Description

Project Description

Each specific project description should contain a brief introduction containing relevant background
information. This section also should contain a general statement of project goals.

Project Organization and
Responsibility

This section should summarize the overall project organization and the responsibilities of cooperating
organizations. A figureillustrating the organizational structure is usually included.

Quality Assurance
Objectives for
Measurement Data

This section should specify the intended use of the data, and the questions to be answered or the
decisions to be made as aresult of the data. This section also should spell out the data quality objectives
for five aspects of the data quality representativeness, completeness, comparability, accuracy, and
precision for each indicator.

Sampling Procedures and

This section should provide specific guidelines and protocols regarding preservation, holding times,

Sample Handling labeling, and collection of samples for each major indicator. A description of the site selection rationale
also can be included in this section.

Sample Custody, All samples collected should be labeled according to date of collection, sample type, sample location and

Transportation, and sample class, and each sample should have its own unique identification.

Storage

Calibration Procedures This section usually describes instrument maintenance and calibration, and performance (QC) checks on

and Frequency instruments. Performance checks should be done on aregular, specified basis, and results should be

recorded.

Experimental Design and
Analytical Procedures

This section details the analytical methods to be used for each indicator. This section also discusses
changes in methods (if necessary) as the project progresses.

Data Reduction,
Validation, and Reporting

This section should include the criteria that will be used to validate the quality of data, the methods to be
used for the treatment of outliers, equations for calculation or value of the indicator to be measured, the
reporting units to be used, and a description of data verification and validation phases for the project.

Internal Quality Control
Checks and Frequency

A description of internal quality control (both laboratory and field), including a description of the QC
sample design and samples (i.e., splits replicates, matrix spikes), should be given in this section. If
control charts are used, they should be described here.

Performance and Systems
Audits and Fregquency

This section describes the performance system audits (both internal and external) used to monitor the
performance of the measurement systems being used for the project. If laboratories will be expected to
participate in a performance evaluation program of any sort, this should be described here.

Preventive Maintenance
Procedures and Schedule

Preventive maintenance to be performed on instruments on a scheduled basis, and any critical parts
(those that either have to be replaced on a frequent basis, or that require extra time ordering and
shipment) that should be kept on hand should be included in this section.

Specific Routine

Specific procedures to be used for the assessment of accuracy and precision of the data for each

Proceduresto be Used to indicator, including confidence limits, central tendency, dispersion, bias, and the five aspects of data
Assess Data Quality quality should be detained in this section.
Corrective Action The limits for data acceptability, the point at which corrective action should be initiated, and a

description of the corrective action to be taken for each indicator should be included here. Corrective
actions also can be aresult of other QA activities; such as performance audits, systems audits, and
laboratory comparison studies.

Quality Assurance
Reports to Management

This section should describe the type and schedule for documents reporting on data accuracy,
completeness, and precision, the results of performance or systems audits, and any significant QA or
methods problems and the corrective action taken for resolution of problems.

Source: Stanley and Verner, 1983.
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Accuracy isthe difference between a measured value and the true or expected value
and represents an estimate of systematic error or net bias. Precision is the degree of mutual
agreement among individual measurements and represents an estimate of sampling,
measurement, or other sources of error. Collectively, accuracy and precision can provide an
estimate of the total error or uncertainty associated with an individual measured vaue.

Measurement quality objectives for accuracy, precison and completeness should be
expressed in a quantitative manner. The Principd Investigator establishes these objectives
based on the study methods and the hypothesis being tested. These objectives may not be
definable for al parameters due to the nature of the measurement type. Accuracy
measurements are difficult for toxicity testing or for histopathology (tissue lesions) for
example, because "true" or expected values do not exist for these measurement parameters.
Example measurement quality objectives are presented in Exhibit 3.2.

Objectives for accuracy and precison may be met through severad mechanisms. These
mechanisms are smilar for field and laboratory procedures and rely upon replication, training
and SOPs. Examples of field and laboratory mechanisms are given below.

Field: Counting murres nesting on rocky idands provides agood example of
mechanisms to assure accuracy and precison. Inthis case, because the birdsfeed at a certain
tidal height, care was taken to time the counts with the tide to count the maximum number of
birds. The countswere taken while circling the idandsin a ZODIAC, each ZODIAC contained
3 people, oneto runthe boat and two to count. The "counters' weretrained in the field by the
PI to recognize and identify the birds of interest. Using photographs, the idands had been
divided into approximately equa zones by natura markers. The two counters counted the
birdsin sequentia zonesfor 15 minutes and then traded zones. If the two sets of counts were
within +£15% agreement the counters moved on to the next two zones. If the two setsdid not
agree, the zoneswere recounted. If they till did not agree, the data were marked with a
qudifier. These procedures were described in SOPs that were used to guide field personnel
and document how the procedure was performed.
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Exhibit 3.2

EXAMPLE OF MEASUREMENT QUALITY OBJECTIVES

Sample Analytical Precision Accuracy Completeness Detection QC Samples and frequency Acceptance Criteria Corrective Action
Type M easur ement (£%) (£%) (%) Limit/Unit (#s=no. of samples)
Blood plasma Testosterone +15 +25 95 <20pg/100nL. B,SM,ES @ 3-4/assay Rec. ES3 60%, M (see caption), B,Es, S M
Estradiol +15 +25 95 <20pg/100nd. B,SM,ES @ 3-4/assay BE 10 pg/100m E, Recalibrate and/or
Progesterone +15 +25 95 <20pg/100£1 B,SM,ES @ 3-4/assay Rec. S+ 25% reanalyze
Blood Plasma Protein bound phosphorus +15 na 95 <10pg/100m B,D @ 3-4/assay RPD of D £ 20%: B record data Recdibrate /re-
anayze;
Gonadotropin +15 +25 95 <50pg/100m B,D,S @ 3-4 assay S+ 20%: RFD of D £ 20%: B £ B; correction factor
50 pg/100Mm B,D,S; Recalibrate
and/or reanalyze
Liver Estraduik receptor assay na na 95 na D,SD SD; redlistic Kd; RFD of D D, SD; Recdlibrate
£20% and/or reanalyze
E-2 Competition assay na na 95 na D,SD w competitor SD competitor, shows -
displacement, RPD of D £ 29%
Pituitary Gonadotropin release +15 +25 9% <50 pg/100n B,CD,S S+ 25%; RPD of D £ 20%; B £ 50 B,CD,S
pg/100m, C < Stimulated samples Recalibrate and/or
reanalyze
Gonad Estradiol release +15 +25 95 <1pg/l mg B,CM,S S+ 25%, RPD of D £ 20%; B< 1 B,C,M,S
pg/lmg Recalibrate
Testosterone release +15 +25 95 <1pg/1 mgl B,CM,S M (see caption) and/or reanalyze
Egg suspension Fertilization success +5 +10 95 na D,V @5% for al samples D,V £ DQO
Germinal vesicle +5 +20 95 D,V @5% for al samples and/or reanalyze
breakdown +5 +15 95 D,V @5% for all samples -
Embryological success +5 +5 95 - D,V @5% for al samples
Egg diameter B B
Larva % abnormal larvae +5 +10 95 na D,V @5% for al samples D,V £ DQO D, V Recalibrate
and/or reandyze
Varioustissues Tissue lesions +25 na 95 na D,V @ 5-20% for al concurrence of analysts D, V Reandyze
samples
Water Temperature +0.1°C +0.1°C 95 na R @ daily R = certified value instrument and
(T=tank) Ph +0.1units | 0.1 units 95 R @daily (1), R @weekly(T) reanalyze
(I = influent) Dissolve oxygen +0.1mg/1 +0.1mg/1 95 - R @ daily (1), R @weekly(T) -
Ammonia (NH-3) +01mgl | +01mg1 95 R @ daily (1), R @weekly(T)
Conductivity _+16th0 11(')th0 95 R @ daily (1), R @weekly(T)

B=blank, C=unstimulated control, D=duplicate, M=multiple dilutions, R=calibrate by SOP with standard reagents, S=spike, ES=extraction spike, V=verification by alternate method (or individual), E=extract, RPD=relative percent
difference, SD=serid dilution. For M, two dilutions are measured, the result from the lower dilution extrapolated to higher dilution, and RPD of extrapolated value and measured value £ 20%
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Laboratory: For anaytica chemistry, one of the most useful measurements of
accuracy and precison isthe repeated andyss of certified reference materids (CRMs) and
Standard Reference Materias (SRMs), which are samplesin which chemical concentrations
have been determined accurately using a variety of technicaly valid procedures. These samples
areissued by a certifying body (e.g. agencies such as the National Research Council of Canada
(NRCC), USEPA, U.S. Geological Survey, Nationd Ingtitute of Standards and Technology
(NIST)). A ussful catalogue of marine science reference materials has been compiled by
UNESCO (1993).

Completeness refers to the number of data points that meet the data quality objectives,
i.e. those that are acceptable with no data qudlifier. 1nthe above field example, if one or more
of the counts did not meet the precision objective, they were marked with a qualifier.
Quialification does not mean that these data cannot be used, but that the qualified data should
be used with caution as they may or may not be adequate for the project needs.

Sampling Procedur es and Sample Handling: SOPs describing sample collection or
data generation procedures, including the labeling, handling, and preservation of the samples,
should be written in detailed, clear and simple language. Personnel must be knowledgeable and
experienced in the sampling techniques described and must adhere to the SOPs.

Samples should be labeled at the earliest possible opportunity to minimize the chance of
confusing one sample with another. The minimum information to be included on the tag or
label identifying the sample are the sample identification number, the location of the collection
gte, the date of collection, the name/signature of the collector, and sample description (who,
what, where, and when). Thisinformation and any other pertinent data such as the common
and scientific names of the organism collected, the tissue collected, and any remarks dso are
recorded in the logbook.

All information pertinent to sample generation and collection techniques, including
descriptive notes on each stuation, must be recorded in indelible marker in abound logbook.
Theinformation must be accurate, objective, up-to-date, and legible. 1t should be detailed
enough to alow anyone reading the entries to reconstruct the sampling stuation. Additional
information may be provided by data sheets, sample tags, photographs, or videos.
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Sample Custody, Transportation and Storage:  Samples and log books must be
kept in such a manner that they cannot be dtered elther deliberately or accidentally. Any
indication that a sample has been subjected to tampering or physica dteration could disqudlify
it asevidence. The sampler is personaly responsible for the care and custody of the samples
collected until they are transferred under chain of custody procedures. A sample is considered
incugtody if: it isin your actual physical possession or view, it isretained in a secured place
(under lock) with restricted access, or it is placed in a container and secured with an officia
sedl(s) such that the sample cannot be reached without bresking the seal(s).

When samples are transferred from one individual to another, even within the same
facility, they must be accompanied by a chain of custody record. Exhibit 3.3 provides an
example of achain of custody record. The individuals relinquishing and receiving the samples
must sign and date the chain of custody record in indelible ink at the time that the samples are
transferred. The completed origina form accompanies the samples. The person who
relinquished the samples should keep a copy of the form.

Because the NRDA process may be lengthy, trustees should archive al samples, raw
data, and data documentation under chain of custody and in a manner to preserve their integrity
until the case has been resolved.

Calibration Procedures and Frequency: These procedures apply to instruments as
diverse as balance scales, thermometers, pH meters, current meters, and gas chromatographs.
In al cases, the procedures must be performed and the results recorded in logbooks. At a
minimum, al smilar instruments should be cdlibrated againgt the same standard. Calibration to
standards developed by the NIST provides congstency with a nationd dataset and strengthens
the credibility of the developed data

The remaining topics on Exhibit 3.1 should be addressed in SOPs covering dl field and
laboratory procedures, instruments, and analyses.
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Exhibit 3.3

CHAIN OF CUSTODY FORM

NOAA DAMAGE ASSESSMENT CENTER
CHAIN OF CUSTODY FORM

1305 East-West Hgwy, Rm 10229, Silver Spring, MD 20910
For moreinformation contact Douglas Helton

301-713-3038 or fax 301-731-4387

Project
Sampler
Sample Date L ocation Sample Type Comments
1.D. Collected (Tissue, oil, water,
Include species name
and tissue type)

Collected by: Received by: Condition: Date/Time
(signature) (signature)

Relinquished Received by: Condition: Date/Time
by: (signature) (signature)

Relinquished Received by: Condition: Date/Time
by: (signature (signature)
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353 Quality Assessment

All data generating activities should be audited by independent external personndl.
These audits should include:

System audits conducted to qudlitatively evaluate operationd details; and

Performance audits conducted to evaluate data quality, adequacy of
documentation, and technica performance characterigtics.

The audits should use comparisons to the quaity assurance documentation developed
for that activity, that is, these audits should confirm the quality of the data. If there are
discrepancies between the documentation and actua operations, the quality assurance program
manager should determine if the discrepancy will sgnificantly affect the ability of the trusteesto
successfully conduct the injury assessment. This may require reanalysis of existing samples or
collection of new samples. For this reason, quality assessment should be conducted in atimely
fashion so that any necessary changes can be made before the project concludes.

3.6 Assessment M ethods

There are anumber of injury assessment methods available to trustees, including
literature reviews, field studies, laboratory sudies, and modeling studies:

Literaturereviewsare animportant first step in planning any injury assessment study
and is an important method, either done or in combination with field, laboratory,
and/or modeling sudies. The systematic compilation of data from previoudy
completed studies may suggest that injury to one or more natura resources has
occurred. This gpproach aso may provide information about gaps in knowledge that
may befilled by proposed assessment studies.

Field studies are the mogt direct meansto evauateinjury. Ingenerd, these studies
require the careful collection and analysis of datato determine spatial and tempora
relationships.

L aboratory studies offer alessdirect, but often equally effective, meansto determine
that a natural resource may be injured due to exposure conditions similar to those in the
field. Theresults of laboratory studies may provide additional evidence to support
observations made in the field, although laboratory studies sometimes stand adonein
determining that an adverse effect is possble.
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M odeling provides ameans to smulate the interactions between oil and the
environment (e.g., flow and dispersion models) and predict the environmental
conseguences of anincident.  Models may be used as a complete assessment tool for
small incidents or to address specific components of an injury assessment for alarger
incident. Models may aso be useful for screening, to focus an assessment on the most
probable injuries, or to integrate other assessment techniques.

These methods may be used aone or in combination. For example, during the design

of the injury assessment, trustees should include studies that will demonstrate pathway and
exposure. These studies may include:

Feld data (e.g., aerial photos, water and sediment samples) along the pathway
the oil isthought to have followed;

Published literature on the uptake of oil by the natura resource of interest;
Laboratory sudies that demondtrate bioavailability and uptake; and

Modeling studies that smulate both physica movement from source and
biologica uptake.

These genera methods are described in more detail in the following sections.
3.6.1 Review of Existing Literature

Many of theinjuries resulting from oil are well documented. By collecting and
reviewing the literature from case histories and field and laboratory studies, trustees can focus

thelr efforts both on the natural resources most likely affected and the types of data needed to
evauate and quantify the injuries to those natura resources.
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To be most useful, the literature studies should match the incident in the following
parameters.

Oil type and amount: Isthe ail type in theincident smilar to that in the
literature study?

Resources of interest: Are the natura resources affected by the incident the
same or amilar to those studied in the literature?

Fate of the ail: Isthe behavior of oil during the incident similar to the behavior
of the ail in the literature study? Are exposure pathways to affected natura
resources the same?

Acute or chronic discharge: Isthe duration of exposure in the literature study
smilar to that observed in the incident?

Case higtories are important sources of information on oil behavior and fate, and can be
used to develop conceptua models for pathways of exposure. Although each incident isa
unique combination of events, there are consstent patternsin oil behavior and effects.
However, much of the case history literature consders medium to large marine oil discharges,
with little published information on freshwater or terrestria discharges®

Case studies may aso be important sources of data on the degree and duration of
injuries. For example, the recovery rate for an oiled marsh could be established from studies
conducted at previousincidents smilar in type and degree of oil contamination, vegetation
type, and physical setting to the present discharge (e.g., Alexander and Webb, 1983, 1985,
1987; Bender et d., 1980; Delaune et d., 1984; Holt et al., 1978).

Data from previoudy conducted laboratory and field studies may be used to predict the
type and extent of injuries. For example, projections of the number of birds in a nesting colony
that will not produce fledglings after being exposed to oil can be estimated from published
studies (Eppley and Rubega, 1990; Fry et d., 1986; Peakal et a., 1982; Trivelpieceet d.,
1984).

Refer to the American Petroleum Institute, which published two reports on fresh water oil spills.
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A range of optionsis available for literature review. At aminimum, trustees can
conduct apreliminary review of mgor data sources and relevant published literature. The next
level of effort would be more appropriate in situations where there is a consderable amount of
data of sufficient qudity that could be validly applied to a pecific injury study. In some cases,
this approach might take the place of origina field or laboratory studies. In others, it would
alow trusteesto identify important areas to focus new assessment efforts. For example, if a
discharge of crude oil hasimpacted a shellfish bed, the trustees may search the published
literature to determine the range of possible adverse biological effects to this natura resource
that could result fromthe ail. If the trustees determine that there are numerous studies that
document the effects of this type of oil on the specific shellfish in question, they then may
determine that additional injury studies are not needed and focus their attention on pathway
determination and injury quantification.

Alternatively, if the trustees determine that there are anumber of studies that
demongtrate effects of crude oil on other types of shdlfish, then the trustees may wish to
expand their search to determine whether these species are good indicators of likely effects for
the species of shdllfish in question. If not, the trustees can consider conducting field studies
and/or laboratory-based exposure studies to determine the adverse effects.

3.6.2 Fidd Studies
Feld studies may provide the most relevant and direct evidence for injury

determination and quantification. Data developed by direct observation, photographs, videos,
and samples of biota, sediments, and water may be used to evauate:

Whether there is a pathway from the point of discharge to the natural resource
of concern;

Whether the natural resource was exposed and injury has occurred (injury
determination); and

The degree and extent of the injury (injury quantification).
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However, fidld studies may be hampered by the lack of true reference stesand aclear
assessment of within treatment variation may be difficult. This problem may confound
conclusions about the cause of any observed differences between sations. For example,
differences between stations could be due to difference in habitat (e.g., fresh water input, wave
energy, etc.), rather than exposureto oil. Thisis one reason that the most convincing
evauations of the effect of discharged oil on natura resources include three types of
information:

Assessment of effectsin the field:;
Chemicdl data; and

Toxicity data.

The ultimate selection of field assessment strategies and sampling designs will depend
on the unique nature of the discharge, and godls of the trustees. In dl cases, the design and
implementation of the field studies requires athoughtful consideration of the sampling design
and Strategy.

Spatial and Temporal Design of Fidld Studies*

Feld study designsinclude:
Pre- and post-incident comparisons within the impact areg;
Post-incident comparisons between impact and reference areas?®
Pre- and post-incident comparisons between impact and reference areas; and

Gradient comparisons.

A brief description of each type appears below. Trustees may not have a choice among these
comparison types, as some depend on the availahility of data collected before the incident.

4 The text in this section and the next has been taken, with dight modification, from text originally drafted by

Lyman McDonad, WEST, Inc., Cheyenne, WY .

° The terms reference, control, and baseline are often used interchangeably to identify sample locations

that have not been subjected to the effects of the particular incident being studies.
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Pre- and post-incident comparisons within the impact area alow determination and
quantification of injury when characteristics of the impact area or affected population(s) have
been measured prior to the incident and can be measured again (idedlly usng comparable
protocols and procedures) following the incident. This type of comparison may be particularly
useful in areasthat are more susceptible to accidental discharges or are subject to repeated
threats of discharge, Snce ongoing monitoring efforts may have been established with the
express purpose of providing comprehensive basdine data. However, ecologica sysems are
not static and environmental conditions will vary over time, so any change observed in the
impact area during the pre- and post-incident periods could conceivably be unrelated to the
incident. During an extended study period, sgnificant natural changes might be expected.

Pogt-incident comparisons between impact and reference areas are more common
because pre-incident data is usually lacking in the reference areas. Simply observing a
difference between impact and reference areas following a discharge does not necessarily mean
that the incident was the cause of the difference. Similarly, the albsence of any differences may
not be an indication that there were no impacts from the incident.

A common problem for the design of field studies is the difficulty in finding suitable
reference areas. Exact replicas of impact areas do not exist. Trustees should find reference
areasthat are as smilar as possble to the impact areawhile recognizing the inherent differences
between them. One approach is the stratification or classfication of the impact area according
to aset of specific, objective criteria (e.g., climate, geology, substrate,
hydrology/hydrodynamics, biota) followed by the identification of potential reference areas that
are closaly matched on the basis of these characteristics. The spatia and tempora variability of
these environmenta parameters also are important considerations when comparing impact
areas with potentia reference areas. Trustees should select reference areas based on the use of
apredetermined set of criteria. Trustees should consider the use of two or more reference
aress.

Pre- and post-incident comparisons between impact and reference areas (commonly
referred to as before-after/control-impact, or BACI, comparisons) are intended to address the
two potentia difficulties associated with the comparison types described above through a
combined comparison. Natura variability in an impact area can be assessed through the
analysis and comparison to datafrom reference areas. At the same time, variability over time
can be accounted for through the use of pre- and post-incident data.
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Gradient comparisons between impact and non-impact areas or within an impact
area are useful for the determination and quantification of injury in ardatively smal impact
areawithin a homogeneous environment. The gradient comparison is based on the assumption
of adose-response relationship in which varying levels of biologica response are correlated to
decreasing contaminant levels extending out from the point of discharge. If agradient of
biologica response is identified along the contamination gradient, the magnitude of differences
can be trandated into a minimum estimate of the amount of injury. Careful congderation
should be given to natura gradients that could be confounded with effects from the incident.
Gradient comparisons are andogous to laboratory toxicity tests conducted along gradients of
toxicant concentrations.

Field Sampling Strategies

Censusisthe mogt direct type of sampling. Examples where it may be effectively used
include counting al dead birdskilled by adischarge of oil. Difficulties with this method include
the potentia for undercounting. Bodies may drift off, sink, be buried or scavenged, and
adjustments may be necessary to account for this undercounting. Costs associated with
conducting census studies over large areas aso limit the usefulness of this gpproach for many
natura resources. For example, evenin asmall study area it may be impossible to conduct a
census of all dead bivalves.  Sub-sampling within impact and/or reference areasis one way to
overcome the limitations of total census studies.

Sub-sampling will alow the trustees to cost-effectively sample alarge area. The
design of sub-sampling planswill, in large part, determine the trustees ability to make
comparisons between impact and reference areas. |n generd, there are four types of sub-
sampling plans - haphazard sampling, judgment sampling, probability sampling, and search
sampling (Gilbert, 1987).

Haphazard sampling is collection based on convenience, which may introduce
biasinto the results and reduce the chances of generating Statigticaly
meaningful conclusions.

Judgment sampling is based on the investigator's knowledge of the study area
and ability to subjectively sdlect gppropriate sample locations. While this
method reduces the potentia for bias compared to haphazard sampling, it does
not eiminate it entirely.
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Probability sampling provides a means for making statistical inferences
through the random selection of sites within impact and reference areas. There
are severa types of probability sampling:

In true random sampling, each sample Steis salected independently of all
other dtes. Thismethod provides a representative set of samples within impact
and reference areas, but in practice random locations tend to be less evenly
digtributed than would be expected.

Stratified random sampling guarantees that sampling will occur over
previoudy defined sub-aress, or strata. Strata can be defined on the basis of
factors such as habitat type, depth (of soil, sediment, water, etc.), oil
concentration, and physiography. Sub-areas can be dratified further
depending on the needs of the assessment. Within each stratum, sample Sites
can be selected randomly or with one of the other techniques described below.

Random gtart systematic sampling begins with arandom starting point rule
and digtributes the locations of sample sites uniformly (using lines or grids)
over theimpact or reference areas. Systematic sampling has been proposed as
a suitable dternative in cases where Stratified sampling may not be appropriate
(e.g. long duration, potentia misclassification of sample Stes or changesin site
classfication).

Sequential random sampling may be useful if the cost of laboratory analyses
isa primary consderation during the assessment and only as many samples as
are necessary are submitted for analysis. The ahility to use rapid-turnaround
field analysis insruments may warrant sequential sampling, since the results
from the analyses of one set of samples can help determine the need for
additional samples.

Search sampling involves the identification of local "hot spots' where the
measure for injury responses is relatively high. This can be accomplished
through systematic sampling on a grid of points arranged in a certain pattern.
If no measured response values exceed a pre-determined standard, trustees
could conclude that hot spots do not exist. The detection of hot spots would
lead to a decison regarding the need for additiona sampling to quantify injury
more accurately.
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3.6.3 Laboratory Studies

Laboratory sudies may serve multiple purposes including injury, pathway, and
exposure determination. Properly designed and implemented laboratory studies may provide
subgtantiation or confirmation of conclusons suggested by field studies. Conversely, the
results of laboratory studies also may suggest the types of field studies that will be necessary to
evaduateinjury. Ingenerd, short-term studies that measure acute mortality are easer to design
and conduct than long-term, multi-generationa studies that attempt to measure on-going
sublethd effects.

Toxicity Tests

Toxicity tests determine whether the discharged oil can have a measurable effect on the
exposed biota. When combined with field surveys documenting a pathway and adverse effects
inthe field, toxicity test data may establish the causal link between the discharge and injury.
The objectives of toxicity tests are to correlate an adverse effect with exposure to the
discharged oil and determine the concentrations at which the effect occurs. An adverse effect
may be determined directly by exposing the organismsto the oil discharged or inferred by
measuring the concentration of oil elther in the organism or its environment and comparing this
vaueto literature values associated with adverse effects. While mortality is the most common
effect measured in toxicity tests, these tests are dso commonly used to measure developmental
abnormalities, behaviora changes, changesin reproductive success, and dteration of growth.

Bioavailability Studies

Bioavailability studies may be either the measurement of tissue residues in indigenous
organisms or tests of surrogates exposed to contaminated environmental media (water or
sediment) for a pecific length of time. Bioavailability studies are complicated by the rapid
metabolism of petroleum hydrocarbons by amost all organisms except bivave mollusks. In
practice this means that analyzing any vertebrate animal and the mgority of invertebrate
animds for the presence of petroleum hydrocarbons will yield non-detectable results. For this
reason, bivalve mollusks, such as oysters and mussels, are often transplanted to the discharge
gteto determine the availability of oil to biota. An dternative isthe use of surrogate
organisms, such as lipid bags, which provide passive bioavailability data.

A second dternative is the analyss of bile for the metabolites of the petroleum
hydrocarbons. Many vertebrates excrete petroleum hydrocarbon metabolitesin their bile. This
tissue can be quickly and easlly screened for the presence of these compoundsin a semi-
quantitative manner (Krahn et al., 1988).
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Biomarkers

Biomarkersare™. . . biochemica, physologica, or histologica indicators of either
exposure to, or effects of, xenobiotic chemicals at the suborganisma or organismal level”
(Hugget et dl., 1992). Exposure indicators establish that organisms were subjected to a
potentialy deleterious stressor and quantify the extent of that exposure. However, exposure
indicators cannot be used to detect adverse effects. In contrast, reponse indicators
demondtrate that adverse effects are occurring, athough often it is difficult to link the cause of
the effect to exposure to the discharged oil. Thus, in most instances both response and
exposure indicators are needed to establish that effects are occurring and to link the causes of
those effectsto oil exposure.

Exposure and response indicatorsinclude, but are not limited to, the appearance of
metabolitesin bile, the production of detoxification enzymes, genetic disorders,
histopathological disorders, pathological deformities, and impaired reproductive abilities.

3.6.4 Modding Studies®

Scientigts frequently use modelsto describe or quantify physical, chemical, and
biologica processes and systems. In genera, models consst of mathematical equations that
require the user to specify the value of input variables, boundary conditions, and other
parameters (e.g., rate congtraints) in order to apply the model to a particular Situation.
Scientigts can then use the modd to study how a specific process or system will respond to
changesininput variables and other parameters and may predict how a process or system
might change in the future.

Models are abstractions of real processes and systems and are useful because complex
phenomena can be studied in astructured, controlled way. By necessity, models are
amplifications of real processes. It isnot possible to build al of the complex interactions that
occur in ared systeminto a system of mathematical equations. It isimportant, however, that
the model successfully smulate the important processes occurring in any system. Model
vaidation is a technique used to make this determination. For injuriesto natural resources
resulting from a discharge of oil, models must be able to simulate the processes occurring
without the presence of ail, as well as amulate the movement of oil throughout the system after
it isdischarged. This requires an understanding of how the oil interacts physicdly, chemicaly,
and biologicaly with the environment.

6 Thetext in this section was drafted by Deborah P. French, Applied Science Associates, Narragansett, RI.
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The sengtivity of model results to changes in inputs or parameters can be studied and
uncertainty quantified. 1f amodel's output is extremely sensitive to small changesin agiven
input or parameter, the trustees can consder alocating resources to studies
that will increase confidence in the value of that particular input or parameter to be used in
subsequent model analyses.

Strategiesfor the Use of M odels

Models may be used as a predictive or screening tool. 1n the Preassessment Phase, for
example, the trustees could use amodel to approximate potentia injuries. Model results would
be used to develop an injury assessment plan, such that the focus of further studies would be on
those resources expected to be injured.

Trustees may aso use models as stand alone assessment procedures. For example, the
type A models developed by the U.S. Department of the Interior (USDOI), including the
Natural Resources Damage Assessment Mode for Coastal and Marine Environments
(NRDAM/CME) and for Great Lakes Environments (NRDAM/GLE), are vaid assessment
toolsfor smal spills (French et d., 1994 a, b,c; Reed et d., 1994). Trustees may combine
limited studies with these models. For example, field observations and surveys may be used to
improve input parameters or to help validate the model predictions. More comprehensive
studies may be conducted to address injuries not included in the model, or to replace sections
of the model with site-specific injury information.

Alternatively, modes may be used in support of specific injury determination and
quantification elements. For example, fate and exposure models may be used in support of
pathway and exposure determination studies.

Severa types of models may be useful for injury assessment studies. Physical models,
such as ail trgjectory models, sediment transport models, hydrodynamic flow models, and,
more generaly, physical and chemical fate and transport models may be used to demonstrate
physicd pathways. Results from physical and chemical models may be used in biologica
effects models to estimate the effects of oil discharges on biologica resources. Concurrent use
of laboratory and/or in Situ toxicity and bioaccumulation studies may provide cdibration or
validation data. Population models may be used to estimate future changes in populations as a
result of acute toxicity and/or reproductive impairment effects caused by oil discharges. A
biochemical, or toxicokinetic, mode may aso be useful in determining the mechanisms by
which contaminants cause natura resource injuries.
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Oil Spill M odeling for NRDA

Thereisalarge body of literature available on oil pill modeling, including reviews by
Stolzenbach et d (1977), Huang and Monastero (1982), Murray (1982), Huang (1983),
Spaulding (1988), Reed (1992), French (1992), ASCE (1994), and Spaulding (1995). The
reader isreferred to these reviews for details. Only a brief summary is presented below.

Fates Models

Fates models may be used to predict the behavior, transport, and westhering of oil in
the NRDA context. Thisinformation may be used to predict the temporal and geographic
extent of exposure and the potentia for injury to natural resources. Models vary in complexity
and design. Fates models are available to predict westhering the process of evaporation,
disperson, dissolution, emulsfication, photolyss, biodegradation and sinking/sedimentation,
and transportation (Spreading, drifting, entrainment, and stranding).

Two primary methodologies for representing the physica distribution of oil have
evolved. The first describes surface oil as one or more uniform circular (or eliptical or
rectangular) spillets, with radius, thickness, and other variables computed dynamically. This
alows easy calculation of surface area and facilitates the inclusion of fates processes that
depend on surface area and thickness. A second approach describes the oil as alarge number
of individual particles. On the surface, the particles may take on the characteristics of spillets.
In the water column, a particle takes on the characteristics of adroplet. The buoyant behavior
of different Szed droplets, combined with vertical shear in the velocity profile, allows aredigtic
representation of dick evolution. The approach can aso follow hydrocarbons entrained or
dissolved in the water column.

Biologica Effects Models

Fate models provide a mass balance and chemical characterization of oil in two phases,
as surface dicks and as subsurface concentrations in water and sediments. The output of afate
modd is athree-dimensiona description of oil components as a function of time. This
information may be used as input to abiologica effects modd. Typicdly, surface dicksare
assumed to be lethd to wildlife (mammals, birds). Smothering of intertidal plants,
invertebrates, and vertebrate eggs and larvee is potentialy lethal depending on oil type and
thickness. Subtidal biota have not been shown to be affected by dicks on the surface. Water
and sediment concentrations of petroleum hydrocarbons may be lethd to fish, invertebrates,
and plants, but have not been shown to cause wildlife mortality directly. Indirect and subletha
effects may aso be induced by water and sediment concentrations of petroleum components.
These may impact dl biota.
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Biologicd effects models consider one or more of these exposure pathways for
mortality and sublethal effects. Some models dso include population-level responsesto these
effects. Theliterature on ail effects modeling is much smdler than that for fates modeling.
Only one review (French 1992) appears available. Below are summaries of some of the
methods used in oil spill biologica effects models.

The greatest uncertainty in modeling mortaity appearsto be in the estimation of the
probability of being oiled and dying fromit. Estimation of the number of animals oiled has
been performed at three levels of sophigtication:

The animals are assumed stationary and the area swept by the dick determines
the number oiled (Trudel, 1984; Trudel and Ross, 1987; Trudel et d., 1987,
1989; French and French, 1989; French et d., 1994a; Reed et dl., 1994);

The average dick area over atime step may be calculated and animal
movements over that time calculated. Animals moving through the dick area
are oiled (Ford, 1985; Ford et d., 1987; Samuels and Lanfear, 1982; Samuels
and Ladino, 1984; Brody, 1988); and

Both oil dicks and animals are treated as Lagrangian particles, with
intersections of oil and animals calculated dynamically (Reed et d., 1987a,b;
French and Reed, 1989; French et d., 1989; Jayko et a., 1990).

The third method using Lagrangian particlesis most realistic in that active, directed,
and individualized behaviors, as well as exposure histories, may be smulated. However,
hundreds or thousands of particles may be needed to achieve necessary resolution. Detailed
migrational Smulations are only possble if behavior is known. For some populations, the
assumption of random movements may be more appropriate. Also, for general applications
and where computer run time is a consideration, the smpler approaches may be appropriate.

Population modeling of wildlife impacts once mortality is estimated is well developed in

the oil spill modeling literature and the generd ecologica literature. The primary limitation on
population modeling is the availability of data for estimating population parameters.
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Estimation of exposure and mortality of fish and invertebrates has been modeled at four
levels of sophistication:

Laevastu and others at the National Marine Fisheries Service (NMFS-
NWAFC) developed a subsurface oil fishery mortality modd. (Laevastu and
Fukuhara, 1984; Laevastu et d., 1985; Fukuhara and Natura Resources
Consultants, 1985). Thismodd provides three-dimensiona quantification of
the water soluble fraction over time. Fish and eggs migrating or advected
through the oil are assumed killed in those areas where the water soluble
concentration exceeds a threshold value. A full fisheries population and catch
model isthen used to evaluate impacts. (Fukaharaand Natura Resources
Consultants (1985.)

Reed, Spaulding and others at Applied Science Associates developed a
fisheries impact model based on oil-induced egg and larval mortdity. (Reed and
Spaulding, 1979, 1984; Reed 1980; Reed et d., 1985; Spaulding et d., 1983,
1985.) Thismodel uses Lagrangian particles to trace the movements of eggs
and larvae as they are dispersed by currents and random mixing. Those
particles exposed to oil concentrations exceeding a threshold are assumed
killed. The modd includes afisheries population and catch moddl.

The biological effects model developed for the CERCLA Type A
NRDAM/CME and NRDAM/GLE (French 1991; French et d., 1994 ab,c;
Reed et d., 1994) includes a dynamic assessment of the exposure history of
individual organismsto oil in three-dimensional space and time. The type A
models use Lagrangian particlesto trace the time history and concentration of
exposure of individuals. This exposure history is functiondly related to
mortality. Standard fisheries models are used to estimate population effects
and logt catch.

French et d., (1989) developed a single-species model smilar to the type A
models described above. The modd smulates detailed spatid distributions of
adults as well as Lagrangian-particle-traced eggs and larvae. Impactsto
particular beds, aswell asthe whole population, are assessed. The population
model includes age-specific density-independent and density-dependent
mortality.
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CONCLUSIONS CHAPTER4

This document provides an introduction and genera guidance in designing injury assessments
within the NRDA context, and in selecting procedures for ensuring that the information produced
meets the needs of trustees and other users as required under the Oil Pollution Act of 1990.

The overriding theme in this document is that the desgn and implementation of injury
gudiesis but one of the eementsthat trustees should consder when making NRDA decisons
When developing an injury assessment, it isimportant that the trustees evaluate the potentia for and
sgnificance of the injuries, the strength of that information, and whether actions can be taken to restore
theinjured natural resources and make the environment and public whole. However, it is equally
important to assess other considerations (i.e., regulatory requirements, public policies, economic
factors, etc.) that may affect decisonmaking. In Chapter 2 (section 2.4.2), there were anumber of
guestions that trustees should ask when evauating whether and how an NRDA should be conducted.

It isingtructive to reiterate them here:

What are the natural resources and services of concern?

What are the procedures available to evaluate and quantify injury, and the associated
cost and time requirements?

What is the evidence indicating exposure?

What isthe pathway from the incident to the natural resource and/or service of
concern?

What is the adverse change or impairment that congtitutesinjury?
What isthe evidence indicating injury?
What is the mechanism by which injury occurred?

What isthe potentia degree and spatial and temporal extent of the injury?



What isthe potentia natura recovery period?

What are the kinds of primary and/or compensatory restoration actions that are
feasible?

Lessonslearned from prior NRDAs aso suggest that the role of injury assessment in NRDA
decisonmaking can be strengthened by addressing the following areas.

Injury assessment efforts should include mechanisms for periodic review and
redirection of efforts when information justifies a change.

Prior to implementing injury assessment, it must be clear how data are to be used, and
what type of decisons will be based upon the data.

The objectives established for any injury assessment should be achievable scientificaly,
technologically, logigtically, and cost-effectively.

Injury assessment efforts should be integrated and coordinated among al involved
partiesin order to optimize use of available staff and financia resources. Fiscal
controls should be compatible with program controls and objectives.

The results of the injury assessment should be clearly communicated to decisonmakers
and the public.
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Subpart A—Introduction
§990.10 Purpose.

The goal of the Oil Pollution Act of 1990 (OPA), 33 U.S.C. 2701 et seq., isto make the
environment and public whole for injuries to natural resources and services resulting from an
incident involving a discharge or substantial threat of a discharge of oil (incident). Thisgod is
achieved through the return of the injured natural resources and services to baseline and
compensation for interim losses of such natural resources and services from the date of the
incident until recovery. The purpose of this part isto promote expeditious and cost-effective
restoration of natural resources and services injured as aresult of an incident. To fulfill this
purpose, this part provides a natural resource damage assessment process for developing a plan
for restoration of the injured natural resources and services and pursuing implementation or
funding of the plan by responsible parties. This part also provides an administrative process for
involving interested parties in the assessment, a range of assessment procedures for identifying
and evaluating injuries to natural resources and services, and a means for selecting restoration
actions from a reasonable range of alternatives.

§990.11 Scope.

The Oil Pollution Act of 1990 (OPA), 33 U.S.C. 2701 et seq., provides for the designation
of Federal, state, and, if designated by the Governor of the state, local officials to act on behalf of
the public as trustees for natural resources and for the designation of Indian tribe and foreign
officials to act astrustees for natural resources on behalf of, respectively, the tribe or its members
and the foreign government. This part may be used by these officials in conducting natural
resource damage assessments when natural resources and/or services are injured as aresult of an
incident involving an actual or substantial threat of a discharge of oil. This part is not intended to
affect the recoverability of natural resource damages when recoveries are sought other than in
accordance with this part.

§990.12 Overview.

This part describes three phases of a natural resource damage assessment. The
Preassessment Phase, during which trustees determine whether to pursue restoration, is described
in subpart D of this part. The Restoration Planning Phase, during which trustees evaluate
information on potential injuries and use that information to determine the need for, type of, and
scale of restoration, is described in subpart E of this part. The Restoration Implementation Phase,
during which trustees ensure implementation of restoration, is described in subpart F of this part.
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§990.13 Rebuttable presumption.

Any determination or assessment of damages to natural resources made by a Federdl,
State, or Indian trustee in accordance with this part shall have the force and effect of a rebuttable
presumption on behalf of the trustee in any administrative or judicial proceeding under OPA.

§990.14 Coordination.

(@) Trustees. (1) If anincident affects the interests of multiple trustees, the trustees should
act jointly under this part to ensure that full restoration is achieved without double recovery of
damages. For joint assessments, trustees must designate one or more Lead Administrative
Trustee(s) to act as coordinators.

(2) If thereisareasonable basis for dividing the natural resource damage assessment,
trustees may act independently under this part, so long as there is no double recovery of damages.

(b) Response agencies. Trustees must coordinate their activities conducted concurrently
with response operations with response agencies consistent with the NCP and any pre-incident
plans developed under § 990.15(a) of this part. Trustees may develop pre-incident memoranda of
understanding to coordinate their activities with response agencies.

(c) Responsible parties. (1) Invitation. Trustees must invite the responsible parties to
participate in the natural resource damage assessment described in this part. The invitation to
participate should be in writing, and a written response by the responsible parties is required to
confirm the desire to participate.

(2) Timing. Theinvitation to participate should be extended to known responsible parties
as soon as practicable, but not later than the delivery of the “ Notice of Intent to Conduct
Restoration Planning,” under § 990.44 of this part, to the responsible party.

(3) Agreements. Trustees and responsible parties should consider entering into binding
agreements to facilitate their interactions and resolve any disputes during the assessment. To
maximize cost-effectiveness and cooperation, trustees and responsible parties should attempt to
develop a set of agreed-upon facts concerning the incident and/or assessment.
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(4) Nature and extent of participation. If the responsible parties accept the invitation to
participate, the scope of that participation must be determined by the trustees, in light of the
considerations in paragraph (c)(5) of this section. At a minimum, participation will include notice
of trustee determinations required under this part, and notice and opportunity to comment on
documents or plansthat significantly affect the nature and extent of the assessment. Increased
levels of participation by responsible parties may be developed at the mutual agreement of the
trustees and the responsible parties. Trustees will objectively consider all written comments
provided by the responsible parties, as well as any other recommendations or proposals that the
responsible parties submit in writing to the Lead Administrative Trustee. Submissions by the
responsible parties will be included in the administrative record. Final authority to make
determinations regarding injury and restoration rest solely with the trustees. Trustees may end
participation by responsible parties who, during the conduct of the assessment, in the sole
judgment of the trustees, cause interference with the trustees' ahility to fulfill their responsibilities
under OPA and this part.

(5) Consderations. In determining the nature and extent of participation by the
responsible parties or their representatives, trustees may consider such factors as.

(i) Whether the responsible parties have been identified;

(i) The willingness of responsible parties to participate in the assessment;

(i) The willingness of responsible parties to fund assessment activities,

(iv) The willingness and ability of responsible parties to conduct assessment activitiesin a
technically sound and timely manner and to be bound by the results of jointly agreed upon studies,

(v) The degree of cooperation of the responsible parties in the response to the incident;
and

(vi) The actions of the responsible parties in prior assessments.

(6) Request for aternative assessment procedures.

(i) The participating responsible parties may request that trustees use assessment
procedures other than those selected by the trustees if the responsible parties:

(A) ldentify the proposed procedures to be used that meet the requirements of § 990.27
of this part, and provide reasons supporting the technical adequacy and appropriateness of such
procedures for the incident and associated injuries,

(B) Advanceto the trusteesthe trustees reasonable estimate of the cost of using the
proposed procedures, and

(C) Agree not to challenge the results of the proposed procedures. The request from the
responsible parties may be made at any time, but no later than, fourteen (14) days of being
notified of the trustees proposed assessment procedures for the incident or the injury.
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(i) Trustees may reject the responsible parties' proposed assessment proceduresif, in the
sole judgment of the trustees, the proposed assessment procedures:

(A) Arenot technically feasible;

(B) Arenot scientifically or technically sound;

(C) Would inadequately address the natural resources and services of concern;

(D) Could not be completed within a reasonable time frame; or

(E) Do not meet the requirements of § 990.27 of this part.

(7) Disclosure. Trustees must document in the administrative record and Restoration Plan
the invitation to the responsible parties to participate, and briefly describe the nature and extent of
the responsible parties participation. If the responsible parties’ participation is terminated during
the assessment, trustees must provide a brief explanation of this decision in the administrative
record and Restoration Plan.

(d) Public. Trustees must provide opportunities for public involvement after the trustees
decision to develop restoration plans or issuance of any noticesto that effect, as provided in 8
990.55 of this part. Trustees may also provide opportunities for public involvement at any time
prior to this decision if such involvement may enhance trustees’ decisonmaking or avoid delaysin
restoration.

8 990.15 Considerationsto facilitate restor ation.

In addition to the procedures provided in subparts D through F of this part, trustees may
take other actions to further the goa of expediting restoration of injured natural resources and
services, including:

() Pre-incident planning. Trustees may engage in pre-incident planning activities.
Pre-incident plans may identify natural resource damage assessment teams, establish trustee
notification systems, identify support services, identify natural resources and services at risk,
identify area and regional response agencies and officials, identify available baseline information,
establish data management systems, and identify assessment funding issues and options.
Potentially responsible parties, as well as all other members of the public interested in and capable
of participating in assessments, should be included in pre-incident planning to the fullest extent
practicable.

(b) Regional Restoration Plans. Where practicable, incident- specific restoration plan
development is preferred, however, trustees may develop Regiona Restoration Plans. These plans
may be used to support a claim under § 990.56 of this part. Regional restoration planning may
consist of compiling databases that identify, on aregional or watershed basis, or otherwise as
appropriate, existing, planned, or proposed restoration projects that may provide appropriate
restoration aternatives for consideration in the context of specific incidents.
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Subpart B—Authorities
§990.20 Relationship tothe CERCLA natural resour ce damage assessment regulations.

(@) General. Regulations for assessing natural resource damages resulting from hazardous
substance releases under the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980, as amended (CERCLA), 42 U.S.C. 9601 et seq., and the Federal Water
Pollution Control Act (Clean Water Act), 33 U.S.C. 1321 et seq., are codified at 43 CFR part 11.
The CERCLA regulations originally applied to natural resource damages resulting from oil
discharges as well as hazardous substance releases. This part supersedes 43 CFR part 11 with
regard to oil discharges covered by OPA.

(b) Assessments commenced before February 5, 1996. If trustees commenced a natural
resource damage assessment for an oil discharge under 43 CFR part 11 prior to February 5, 1996
they may complete the assessment in compliance with 43 CFR part 11, or they may elect to use
this part, and obtain a rebuttable presumption.

(c) QOil and hazardous substance mixtures. For natural resource damages resulting from a
discharge or release of a mixture of oil and hazardous substances, trustees must use 43 CFR part
11 in order to obtain a rebuttable presumption.

§990.21 Relationship tothe NCP.

This part provides procedures by which trustees may determine appropriate restoration of
injured natural resources and services, where such injuries are not fully addressed by response
actions. Response actions and the coordination with damage assessment activities are conducted

pursuant to the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40
CFR part 300.

§990.22 Prohibition on double recovery.

When taking actions under this part, trustees are subject to the prohibition on double
recovery, as provided in 33 U.S.C. 2706(d)(3) of OPA.
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§990.23 Compliance with NEPA and the CEQ regulations.

() General. The National Environmental Policy Act (NEPA), 42 U.S.C. 4321 et seq. and
Council on Environmental Quality (CEQ) regulations implementing NEPA, 40 CFR chapter V,
apply to restoration actions by federal trustees, except where a categorical exclusion or other
exception to NEPA applies. Thus, when a federal trustee proposes to take restoration actions
under this part, it must integrate this part with NEPA, the CEQ regulations, and NEPA
regulations promulgated by that federa trustee agency. Where state NEPA-equivalent laws may
apply to state trustees, state trustees must consider the extent to which they must integrate this
part with their NEPA-equivalent laws. The requirements and process described in this section
relate only to NEPA and federal trustees.

(b) NEPA requirements for federal trustees. NEPA becomes applicable when federal
trustees propose to take restoration actions, which begins with the development of a Draft
Restoration Plan under § 990.55 of this part. Depending upon the circumstances of the incident,
federal trustees may need to consider early involvement of the public in restoration planning in
order to meet their NEPA compliance requirements.

(c) NEPA processfor federal trustees. Although the stepsin the NEPA process may vary
among different federal trustees, the process will generally involve the need to develop restoration
plans in the form of an Environmental Assessment or Environmental Impact Statement, depending
upon the trustee agency’ s own NEPA regulations.

(1) Environmental Assessment. (i) Purpose. The purpose of an Environmental
Assessment (EA) isto determine whether a proposed restoration action will have a significant (as
defined under NEPA and 8§ 1508.27 of the CEQ regulations) impact on the quality of the human
environment, in which case an Environmental Impact Statement (EIS) evaluating the impact is
required. In the alternative, where the impact will not be significant, federal trustees must issue a
Finding of No Significant Impact (FONSI) as part of the restoration plans developed under this
part. If significant impacts to the human environment are anticipated, the determination to
proceed with an EIS may be made as aresult, or in lieu, of the development of the EA.

(i) General steps. (A) If the trustees decide to pursue an EA, the trustees may issue a
Notice of Intent to Prepare a Draft Restoration Plan/EA, or proceed directly to developing a
Draft Restoration Plan/EA.

(B) The Draft Restoration Plan/EA must be made available for public review before
concluding a FONSI or proceeding with an EIS.

(C) If aFONSI isconcluded, the restoration planning process should be no different than
under 8 990.55 of this part, except that the Draft Restoration Plan/EA will include the FONSI
analysis.

(D) Thetime period for public review on the Draft Restoration Plan/EA must be
consistent with the federal trustee agency’s NEPA requirements, but should generally be no less
than thirty (30) calendar days.

(E) The Final Restoration Plan/EA must consider all public comments on the Draft
Restoration PlaVEA and FONSI.
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(F) The means by which afedera trustee requests, considers, and responds to public
comments on the Draft Restoration Plan/EA and FONSI must also be consistent with the federal
agency’s NEPA requirements.

(2) Environmental Impact Statement. (i) Purpose. The purpose of an Environmental
Impact Statement (EIS) is to involve the public and facilitate the decisionmaking process in the
federal trustees analysis of aternative approaches to restoring injured natural resources and
services, where the impacts of such restoration are expected to have significant impacts on the
quality of the human environment.

(i) General steps. (A) If trustees determine that restoration actions are likely to have a
significant (as defined under NEPA and § 1508.27 of the CEQ regulations) impact on the
environment, they must issue a Notice of Intent to Prepare a Draft Restoration Plan/EIS. The
notice must be published in the Federal Register.

(B) The notice must be followed by formal public involvement in the development of the
Draft Restoration Plar/EIS.

(C) The Draft Restoration Plan/EIS must be made available for public review for a
minimum of forty-five (45) calendar days. The Draft Restoration PlaVEIS, or a notice of its
availability, must be published in the Federal Register.

(D) The Final Restoration Plan/EI'S must consider all public comments on the Draft
Restoration Plan/EIS, and incorporate any changes made to the Draft Restoration PlarvEIS in
response to public comments.

(E) The Final Restoration Plan/EI'S must be made publicly available for a minimum of
thirty (30) calendar days before a decision is made on the federal trustees proposed restoration
actions (Record of Decision). The Final Restoration PlarVEIS, or a notice of its availability, must
be published in the Federal Register.

(F) The means by which a federal trustee agency requests, considers, and responds to
public comments on the Final Restoration Plan/EI'S must also be consistent with the federal
agency’s NEPA requirements.

(G) After appropriate public review on the Final Restoration Plan/EIS is completed, a
Record of Decision (ROD) isissued. The ROD summarizes the trustees decisionmaking process
after consideration of any public comments relative to the proposed restoration actions, identifies
all restoration aternatives (including the preferred alternative(s)), and their environmental
consequences, and states whether all practicable means to avoid or minimize environmental harm
were adopted (e.g., monitoring and corrective actions). The ROD may be incorporated with other
decision documents prepared by the trustees. The means by which the ROD is made publicly

(d) Relationship to Regional Restoration Plans or an existing restoration project. If a
available must be consistent with the federal trustee agency’s NEPA requirements. (Regional
Restoration Plan or existing restoration project is proposed for use, federal trustees may be able
to tier their NEPA analysis to an existing EIS, as described in 88 1502.20 and 1508.28 of the
CEQ regulations.
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§990.24 Compliance with other applicable laws and regulations.

(@) Worker health and safety. When taking actions under this part, trustees must comply
with applicable worker health and safety considerations specified in the NCP for response actions.

(b) Natural Resources protection. When acting under this part, trustees must ensure
compliance with any applicable consultation, permitting, or review requirements, including but not
limited to: the Endangered Species Act of 1973, 16 U.S.C. 1531 et seq.; the Coastal Zone
Management Act of 1972, 16 U.S.C. 1451 et seq.; the Migratory Bird Treaty Act, 16 U.S.C. 703
et seq.; the National Marine Sanctuaries Act, 16 U.S.C. 1431 et seq.; the National Historic
Preservation Act, 12 U.S.C. 470 et seg.; the Marine Mammal Protection Act, 16 U.S.C. 1361 et
seg.; and the Archaeological Resources Protection Act, 16 U.S.C. 470 et seq.

§9900.25 Settlement.

Trustees may settle claims for natural resource damages under this part at any time,
provided that the settlement is adequate in the judgment of the trustees to satisfy the goal of OPA
and isfair, reasonable, and in the public interest, with particular consideration of the adequacy of
the settlement to restore, replace, rehabilitate, or acquire the equivalent of the injured natural
resources and services. Sums recovered in settlement of such claims, other than reimbursement of
trustee costs, may only be expended in accordance with a restoration plan, which may be set forth
inwhole or in part in a consent decree or other settlement agreement, which is made available for
public review.

§990.26 Emergency restoration.

(@) Trustees may take emergency restoration action before completing the process
established under this part, provided that:

(1) The action is needed to minimize continuing or prevent additional injury;

(2) Theaction isfeasible and likely to minimize continuing or prevent additional injury;
and

(3) The costs of the action are not unreasonable.

(b) If response actions are still underway, trustees, through their Regional Response
Team member or designee, must coordinate with the On-Scene Coordinator (OSC) before taking
any emergency restoration actions. Any emergency restoration actions proposed by trustees
should not interfere with on-going response actions. Trustees must explain to response agencies
through the OSC prior to implementation of emergency restoration actions their reasons for
believing that proposed emergency restoration actions will not interfere with on-going response
actions.

(c) Trustees must provide notice to identified responsible parties of any emergency restoration
actions and, to the extent time permits, invite their participation in the conduct of those actions as provided
in § 990.14(c) of this part.



(d) Trustees must provide notice to the public, to the extent practicable, of these planned
emergency restoration actions. Trustees must also provide public notice of the justification for,
nature and extent of, and results of emergency restoration actions within a reasonable time frame
after completion of such actions. The means by which this notice is provided is left to the
discretion of the trustee.

§990.27 Use of assessment procedures.

(@) Sandards for assessment procedures. Any procedures used pursuant to this part
must comply with all of the following standards if they are to be in accordance with this part:

(1) The procedure must be capable of providing assessment information of use in determining the
type and scale of restoration appropriate for a particular injury;

(2) The additional cost of a more complex procedure must be reasonably related to the
expected increase in the quantity and/or quality of relevant information provided by the more
complex procedure; and

(3) The procedure must be reliable and valid for the particular incident.

(b) Assessment procedures available. (1) The range of assessment procedures available to
trustees includes, but is not limited to:

(i) Procedures conducted in the field;

(if) Procedures conducted in the laboratory;

(i) Model-based procedures, including type A procedures identified in 43 CFR part 11,
subpart D, and compensation formulas/schedules; and

(iv) Literature-based procedures.

(2) Trustees may use the assessment procedures in paragraph (b)(1) of this section alone,
or in any combination, provided that the standards in paragraph (a) of this section are met, and
there is no double recovery.

(c) Sdecting assessment procedures. (1) When selecting assessment procedures, trustees
must consider, at a minimum:

(i) Therange of procedures available under paragraph (b) of this section;

(i) Thetime and cost necessary to implement the procedures;

(iii) The potential nature, degree, and spatial and temporal extent of the injury;

(iv) The potential restoration actions for the injury; and

(v) The relevance and adequacy of information generated by the procedures to meet
information requirements of restoration planning.

(2) If arange of assessment procedures providing the same type and quality of
information is available, the most cost-effective procedure must be used.

A-9



Subpart C—Definitions
§990.30 Definitions.
For the purpose of thisrule, the term:

Baseline means the condition of the natural resources and services that would have existed
had the incident not occurred. Baseline data may be estimated using historical data, reference
data, control data, or data on incremental changes (e.g., number of dead animals), alone or in
combination, as appropriate.

Cost-effective means the least costly activity among two or more activities that provide
the same or a comparable level of benefits, in the judgment of the trustees.

CEQ regulations means the Council on Environmental Quality regulations implementing
NEPA, 40 CFR chapter V.

Damages means damages specified in section 1002(b) of OPA (33 U.S.C. 1002(b)), and
includes the costs of assessing these damages, as defined in section 1001(5) of OPA (33 U.S.C.
2701(5)).

Discharge means any emission (other than natural seepage), Intentional or unintentional,
and includes, but is not limited to, spilling, leaking, pumping, pouring, emitting, emptying, or
dumping, as defined in section 1001(7) of OPA (33 U.S.C. 2701(7)).

Exclusive Economic Zone means the zone established by Presidential Proclamation 5030
of March 10, 1983 (3 CFR, 1984 Comp., p. 22), including the ocean waters of the areas referred
to as “eastern special areas’ in Article 3(1) of the Agreement between the United States of
Americaand the Union of Soviet Socialist Republics on the Maritime Boundary, signed June 1,
1990, as defined in section 1001(8) of OPA (33 U.S.C. 2701(8)).

Exposure means direct or indirect contact with the discharged oil.

Facility means any structure, group of structures, equipment, or device (other than a
vessel) which is used for one or more of the following purposes: exploring for, drilling for,
producing, storing, handling, transferring, processing, or transporting oil. This term includes any
motor vehicle, rolling stock, or pipeline used for one or more of these purposes, as defined in
section 1001(9) of OPA (33 U.S.C. 2701(9)).

Fund means the Oil Spill Liability Trust Fund, established by section 9509 of the Internal
Revenue Code of 1986 (26 U.S.C. 9509), as defined in section 1001(11) of OPA (33 U.S.C.
2701(112)).

Incident means any occurrence or series of occurrences having the same origin, involving
one or more vessals, facilities, or any combination thereof, resulting in the discharge or
substantial threat of discharge of oil into or upon navigable waters or adjoining shorelines or the
Exclusive Economic Zone, as defined in section 1001(14) of OPA (33 U.S.C. 2701(14)).
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Indian tribe (or tribal) means any Indian tribe, band, nation, or other organized group or
community, but not including any Alaska Native regional or village corporation, which is
recognized as eligible for the specia programs and services provided by the United States to
Indians because of their status as Indians and has governmental authority over lands belonging to
or controlled by the tribe, as defined in section 1001(15) of OPA (33 U.S.C. 2701(15)).

Injury means an observable or measurable adverse change in a natural resource or
impairment of a natural resource service. Injury may occur directly or indirectly to a natural
resource and/or service. Injury incorporates the terms “destruction,” “loss,” and “loss of use” as
provided in OPA.

Lead Administrative Trustee(s) (or LAT) means the trustee(s) who is selected by all
participating trustees whose natural resources or services are injured by an incident, for the
purpose of coordinating natural resource damage assessment activities. The LAT(s) should also
facilitate communication between the OSC and other natural resource trustees regarding their
activities during the response phase.

NCP means the National Oil and Hazardous Substances Pollution Contingency Plan
(National Contingency Plan) codified at 40 CFR part 300, which addresses the identification,
investigation, study, and response to incidents, as defined in section 1001(19) of OPA (33 U.S.C.
2701(19)).

Natural resource damage assessment (or assessment) means the process of collecting and
analyzing information to evaluate the nature and extent of injuries resulting from an incident, and
determine the restoration actions needed to bring injured natural resources and services back to
baseline and make the environment and public whole for interim losses.

Natural resources means land, fish, wildlife, biota, air, water, ground water, drinking
water supplies, and other such resources belonging to, managed by, held in trust by, appertaining
to, or otherwise controlled by the United States (including the resources of the Exclusive
Economic Zone), any state or local government or Indian tribe, or any foreign government, as
defined in section 1001(20) of OPA (33 U.S.C. 2701(20)).

Navigable waters means the waters of the United States, including the territorial sea, as
defined in section 1001(21) of OPA (33 U.S.C. 2701(21)).

NEPA means the National Environmental Policy Act, 42 U.S.C. 4321 et seq.

Oil means oil of any kind or in any form, including, but not limited to, petroleum, fuel ail,
dudge, oil refuse, and oil mixed with wastes other than dredged spoil. However, the term does
not include petroleum, including crude oil or any fraction thereof, that is specificaly listed or
designated as a hazardous substance under 42 U.S.C. 9601(14)(A) through (F), as defined in
section 1001(23) of OPA (33 U.S.C. 2701(23)).

On-Scene Coordinator (or OSC) means the official designated by the U.S. Environmental
Protection Agency or the U.S. Coast Guard to coordinate and direct response actions under
the NCP, or the government official designated by the lead response agency to coordinate
and direct response actions under the NCP.

OPA means the Oil Pollution Act of 1990, 33 U.S.C. 2701 et seq.

Pathway means any link that connects the incident to a natural resource and/or service,
and is associated with an actual discharge of oil.
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Person means an individual, corporation, partnership, association, state, municipality,
commission, or political subdivision of a state, or any interstate body, as defined in section
1001(27) of OPA (33 U.S.C. 2701(27)).

Public vessel means a vessel owned or bareboat chartered and operated by the United
States, or by a state or political subdivision thereof, or by aforeign nation, except when the vessel
is engaged in commerce, as defined in section 1001(29) of OPA (33 U.S.C. 2701(29)).

Reasonabl e assessment costs means, for assessments conducted under this part,
assessment costs that are incurred by trustees in accordance with this part. In cases where
assessment costs are incurred but trustees do not pursue restoration, trustees may recover their
reasonable assessment costs provided that they have determined that assessment actions
undertaken were premised on the likelihood of injury and need for restoration. Reasonable
assessment costs also include: administrative, legal, and enforcement costs necessary to carry out
this part; monitoring and oversight costs,; and costs associated with public participation.

Recovery means the return of injured natural resources and services to baseline.

Response (or remove or removal) means 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, as defined in section
1001(30) of OPA (33 U.S.C. 2701(30)).

Responsible party means.

(8) Vessals. Inthe case of avessel, any person owning, operating, or demise chartering
the vessal.

(b) Onshore facilities. In the case of an onshore facility (other than a pipeline), any
person owning or operating the facility, except afedera agency, state, municipality, commission,
or political subdivision of a state, or any interstate body, that as the owner transfers possession
and right to use the property to another person by lease, assignment, or permit.

(c) Offshore facilities. In the case of an offshore facility (other than a pipeline or a
deepwater port licensed under the Deepwater Port Act of 1974 (33 U.S.C. 1501 et seq.)), the
lessee or permittee of the area in which the facility is located or the holder of aright of use and
easement granted under applicable state law or the Outer Continental Shelf Lands Act (43 U.S.C.
1301-1356) for the area in which the facility islocated (if the holder is a different person than the
lessee or permittee), except afederal agency, state, municipality, commission, or political
subdivision of a state, or any interstate body, that as owner transfers possession and right to use
the property to another person by lease, assignment, or permit.

(d) Deepwater ports. In the case of a deepwater port licensed under the Deepwater Port
Act of 1974 (33 U.S.C. 1501-1524), the licensee.

(e) Pipelines. Inthe case of a pipeline, any person owning or operating the pipeline.

(f) Abandonment. In the case of an abandoned vessel, onshore facility, deepwater port,
pipeline, or offshore facility, the persons who would have been responsible parties immediately
prior to the abandonment of the vessel or facility, as defined in section 1001(32) of OPA (33
U.S.C. 2701(32)).
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Restoration means any action (or alternative), or combination of actions (or alternatives),
to restore, rehahilitate, replace, or acquire the equivalent of injured natural resources and services.
Restoration includes:

() Primary restoration, which is any action, including natural recovery, that returns
injured natural resources and services to baseline; and

(b) Compensatory restoration, which is any action taken to compensate for interim losses
of natural resources and services that occur from the date of the incident until recovery.

Services (or natural resource services) means the functions performed by a natural
resource for the benefit of another natural resource and/or the public.

Trustees (or natural resource trustees) means those officials of the federa and state
governments, of Indian tribes, and of foreign governments, designated under 33 U.S.C. 2706(b)
of OPA.

United Sates and State means the several States of the United States, the District of
Columbia, the Commonwealth of Puerto Rico, Guam, American Samoa, the United States Virgin
Islands, the Commonwealth of the Northern Marianas, and any other territory or possession of the
United States, as defined in section 1001(36) of OPA (33 U.S.C. 2701(36)).

Value means the maximum amount of goods, services, or money an individual is willing to
give up to obtain a specific good or service, or the minimum amount of goods, services, or money
an individual is willing to accept to forgo a specific good or service. The total value of a natural
resource or service includes the value individuals derive from direct use of the natural resource,
for example, swimming, boating, hunting, or birdwatching, as well as the value individuals derive
from knowing a natural resource will be available for future generations.

Vessel means every description of watercraft or other artificial contrivance used, or
capable of being used, as a means of transportation on water, other than a public vessel, as
defined in section 1001(37) of OPA (33 U.S.C. 2701(37)).
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Subpart D—Pr eassessment Phase
§990.40 Purpose.

The purpose of this subpart isto provide a process by which trustees determine if they
have jurisdiction to pursue restoration under OPA and, if so, whether it is appropriate to do so.

§990.41 Determination of jurisdiction.

(@) Determination of jurisdiction. Upon learning of an incident, trustees must determine
whether there isjurisdiction to pursue restoration under OPA. To make this determination,
trustees must decide if:

(1) Anincident has occurred, as defined in 8 990.30 of this part;

(2) Theincident is not:

(i) Permitted under a permit issued under federal, state, or local law; or

(if) From apublic vessal; or

(iii) From an onshore facility subject to the Trans-Alaska Pipeline Authority Act, 43
U.S.C. 1651, et seq.; and

(3) Natural resources under the trusteeship of the trustee may have been, or may be,
injured as aresult of the incident.

(b) Proceeding with preassessment. If the conditions listed in paragraph (a) of this section
are met, trustees may proceed under this part. If one of the conditions is not met, trustees may not
take additional action under this part, except action to finalize this determination. Trustees may
recover all reasonable assessment costs incurred up to this point provided that conditionsin
paragraphs (a)(1) and (a)(2) of this section were met and actions were taken with the reasonable
belief that natural resources or services under their trusteeship might have been injured as a result
of the incident.

§990.42 Deter mination to conduct restor ation planning.

(@) Determination on restoration planning. If trustees determine that there isjurisdiction
to pursue restoration under OPA, trustees must determine whether:

(1) Injuries have resulted, or are likely to result, from the incident;

(2) Response actions have not adequately addressed, or are not expected to address, the
injuries resulting from the incident; and

(3) Feasible primary and/or compensatory restoration actions exist to address the
potential injuries.

(b) Proceeding with preassessment. If the conditions listed in paragraph (a) of this section
are met, trustees may proceed under 8 990.44 of this part. If one of these conditionsis not met,
trustees may not take additional action under this part, except action to finalize this determination.
However, trustees may recover all reasonable assessment costs incurred up to this point.
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§990.43 Data collection.

Trustees may conduct data collection and analyses that are reasonably related to
Preassessment Phase activities. Data collection and analysis during the Preassessment Phase must
be coordinated with response actions such that collection and analysis does not interfere with
response actions. Trustees may collect and analyze the following types of data during the
Preassessment Phase:

(@) Datareasonably expected to be necessary to make a determination of jurisdiction
under 8 990.41 of this part, or a determination to conduct restoration planning under § 990.42 of
this part;

(b) Ephemeral data; and

(c) Information needed to design or implement anticipated assessment procedures under
subpart E of this part.

§990.44 Notice of Intent to Conduct Restor ation Planning.

() General. If trustees determine that all the conditions under § 990.42(a) of this part are
met and trustees decide to proceed with the natural resource damage assessment, they must
prepare a Notice of Intent to Conduct Restoration Planning.

(b) Contents of the notice. The Notice of Intent to Conduct Restoration Planning must
include adiscussion of the trustees' analyses under 88 990.41 and 990.42 of this part. Depending
on information available at this point, the notice may include the trustees proposed strategy to
assess injury and determine the type and scale of restoration. The contents of a notice may vary,
but will typically discuss:

(1) Thefacts of the incident;

(2) Trustee authority to proceed with the assessment;

(3) Natural resources and services that are, or are likely to be, injured as aresult of the
incident;

(4) Potential restoration actions relevant to the expected injuries; and

(5) If determined at the time, potential assessment procedures to evaluate the injuries and
define the appropriate type and scale of restoration for the injured natural resources and services.

(c) Public availability of the notice. Trustees must make a copy of the Notice of Intent to
Conduct Restoration Planning publicly available. The means by which the notice is made publicly
available and whether public comments are solicited on the notice will depend on the nature and
extent of the incident and various information requirements, and is left to the discretion of the
trustees.

(d) Delivery of the notice to the responsible parties. Trustees must send a copy of the
notice to the responsible parties, to the extent known, in such away as will establish the date of
receipt, and invite responsible parties participation in the conduct of restoration planning.
Consistent with § 990.14(c) of this part, the determination of the timing, nature, and extent of
responsible party participation will be determined by the trustees on an incident-specific basis.
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8990.45 Administrative record.

(a) If trustees decide to proceed with restoration planning, they must open a publicly
available administrative record to document the basis for their decisions pertaining to restoration.
The administrative record should be opened concurrently with the publication of the Notice of
Intent to Conduct Restoration Planning. Depending on the nature and extent of the incident and
assessment, the administrative record should include documents relied upon during the
assessment, such as:

(1) Any notice, draft and final restoration plans, and public comments;

(2) Any relevant data, investigation reports, scientific studies, work plans, quality
assurance plans, and literature; and

(3) Any agreements, not otherwise privileged, among the participating trustees or with
the responsible parties.

(b) Federa trustees should maintain the administrative record in a manner consistent with
the Administrative Procedure Act, 5 U.S.C. 551-59, 701-06.
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Subpart E—Restor ation Planning Phase
§990.50 Purpose.

The purpose of this subpart is to provide a process by which trustees evaluate and quantify
potential injuries (injury assessment), and use that information to determine the need for and scale
of restoration actions (restoration selection).

§990.51 Injury assessment—injury deter mination.

(@) General. After issuing a Notice of Intent to Conduct Restoration Planning under 8
990.44 of this part, trustees must determine if injuries to natural resources and/or services have
resulted from the incident.

(b) Determining injury. To make the determination of injury, trustees must evaluate if:

(1) The definition of injury has been met, as defined in 8 990.30 of this part; and
(2)(1) Aninjured natural resource has been exposed to the discharged oil, and a pathway can be
established from the discharge to the exposed natural resource; or

(i) Aninjury to anatural resource or impairment of a natural resource service has
occurred as aresult of response actions or a substantial threat of a discharge of oil.

(c) ldentifying injury. Trustees must determine whether an injury has occurred and, if so,
identify the nature of the injury. Potential categories of injury include, but are not limited to,
adverse changes in: survival, growth, and reproduction; health, physiology and biological
condition; behavior; community composition; ecological processes and functions; physical and
chemical habitat quality or structure; and public services.

(d) Establishing exposure and pathway. Except for injuries resulting from response
actions or incidents involving a substantial threat of a discharge of oil, trustees must establish
whether natural resources were exposed, either directly or indirectly, to the discharged oil from
the incident, and estimate the amount or concentration and spatial and temporal extent of the
exposure. Trustees must also determine whether there is a pathway linking the incident to the
injuries. Pathways may include, but are not limited to, the sequence of events by which the
discharged oil was transported from the incident and either came into direct physical contact with
anatural resource, or caused an indirect injury.

(e) Injuriesresulting from response actions or incidents involving a substantial threat of
a discharge. For injuries resulting from response actions or incidents involving a substantial
threat of a discharge of ail, trustees must determine whether an injury or an impairment of a
natural resource service has occurred as aresult of the incident.
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(f) Selection of injuries to include in the assessment. When selecting potential injuries to
assess, trustees should consider factors such as:

(1) The natural resources and services of concern;

(2) The procedures available to evaluate and quantify injury and associated time and cost
requirements,

(3) The evidence indicating exposure;

(4) The pathway from the incident to the natural resource and/or service of concern,

(5) The adverse change or impairment that constitutes injury;

(6) The evidence indicating injury;

(7) The mechanism by which injury occurred;

(8) The potentia degree, and spatial and temporal extent of the injury;

(9) The potentia natural recovery period; and

(10) The kinds of primary and/or compensatory restoration actions that are feasible.

§8990.52 Injury assessment—quantification.

() General. In addition to determining whether injuries have resulted from the incident,
trustees must quantify the degree, and spatial and temporal extent of such injuries relative to
baseline.

(b) Quantification approaches. Trustees may quantify injuries in terms of:

(1) The degree, and spatial and temporal extent of the injury to a natural resource;

(2) The degree, and spatial and temporal extent of injury to a natural resource, with
subsequent trandation of that adverse change to areduction in services provided by the natural
resource; or

(3) The amount of serviceslost as aresult of the incident.

(c) Natural recovery. To quantify injury, trustees must estimate, quantitatively or
qualitatively, the time for natural recovery without restoration, but including any response actions.
The analysis of natural recovery may consider such factors as:

(1) The nature, degree, and spatial and temporal extent of injury;

(2) The sensitivity and vulnerability of the injured natural resource and/or service;

(3) Thereproductive and recruitment potential;

(4( Theresstance and resilience (stahility) of the affected environment;

(5) The natural variability; and

(6) The physical/chemical processes of the affected environment.

8 990.53 Restoration selection—developing restoration alter natives.

(d) General. (1) If the information on injury determination and quantification under 88
990.51 and 990.52 of this part and its relevance to restoration justify restoration, trustees may
proceed with the Restoration Planning Phase. Otherwise, trustees may not take additional action
under this part. However, trustees may recover al reasonable assessment costs incurred up to this
point.
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(2) Trustees must consider a reasonable range of restoration alternatives before selecting
their preferred aternative(s). Each restoration alternative is comprised of primary and/or
compensatory restoration components that address one or more specific injury(ies) associated
with the incident. Each aternative must be designed so that, as a package of one or more actions,
the aternative would make the environment and public whole. Only those aternatives considered
technically feasible and in accordance with applicable laws, regulations, or permits may be
considered further under this part.

(b) Primary restoration. (1) General. For each aternative, trustees must consider
primary restoration actions, including a natural recovery aternative.

(2) Natural recovery. Trustees must consider a natural recovery aternative in which no
human intervention would be taken to directly restore injured natural resources and services to
baseline.

(3) Active primary restoration actions. Trustees must consider an alternative comprised
of actionsto directly restore the natural resources and services to baseline on an accelerated time
frame. When identifying such active primary restoration actions, trustees may consider actions
that:

(i) Remove conditions that would prevent or limit the effectiveness of any restoration
action (e.g., residual sources of contamination);

(i) May be necessary to return the physical, chemical, and/or biological conditions
necessary to allow recovery or restoration of the injured natural resources (e.g., replacing
substrate or vegetation, or modifying hydrologic conditions); or

(iii) Return key natural resources and services, and would be an effective approach to
achieving or accelerating areturn to baseline (e.g., replacing essential species, habitats, or public
services that would facilitate the replacement of other, dependent natural resource or service
components).

(c) Compensatory restoration. (1) General. For each alternative, trustees must also
consider compensatory restoration actions to compensate for the interim loss of natural resources
and services pending recovery.

(2) Compensatory restoration actions. To the extent practicable, when evaluating
compensatory restoration actions, trustees must consider compensatory restoration actions that
provide services of the same type and quality, and of comparable value as those injured. If, in the
judgment of the trustees, compensatory actions of the same type and quality and comparable
value cannot provide a reasonable range of aternatives, trustees should identify actions that
provide natural resources and services of comparable type and quality as those provided by the
injured natural resources. Where the injured and replacement natural resources and services are
not of comparable value, the scaling process will involve valuation of lost and replacement
Services.

(d) Scaling restoration actions. (1) General. After trustees have identified the types of
restoration actions that will be considered, they must determine the scale of those actions that
will make the environment and public whole. For primary restoration actions, scaling generally
appliesto actions involving replacement and/or acquisition of equivalent of natural resources
and/or services.
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(2) Resource-to-resource and service-to-service scaling approaches. When determining
the scale of restoration actions that provide natural resources and/or services of the same type and
quality, and of comparable value as those lost, trustees must consider the use of a
resource-to-resource or service-to-service scaling approach. Under this approach, trustees
determine the scale of restoration actions that will provide natural resources and/or services equal
in quantity to those lost.

(3) Valuation scaling approach. (i) Where trustees have determined that neither
resource-to-resource nor service-to-service scaling is appropriate, trustees may use the valuation
scaling approach. Under the valuation scaling approach, trustees determine the amount of natural
resources and/or services that must be provided to produce the same value lost to the public.
Trustees must explicitly measure the value of injured natural resources and/or services, and then
determine the scale of the restoration action necessary to produce natural resources and/or
services of equivalent value to the public.

(i) If, inthe jJudgment of the trustees, valuation of the lost servicesis practicable, but
valuation of the replacement natural resources and/or services cannot be performed within a
reasonable time frame or at areasonable cost, as determined by 8§ 990.27(a)(2) of this part,
trustees may estimate the dollar value of the lost services and select the scale of the restoration
action that has a cost equivaent to the lost value. The responsible parties may request that
trustees value the natural resources and services provided by the restoration action following the
process described in § 990.14(c) of this part.

(4) Discounting and uncertainty. When scaling a restoration action, trustees must
evaluate the uncertainties associated with the projected consequences of the restoration action,
and must discount al service quantities and/or values to the date the demand is presented to the
responsible parties. Where feasible, trustees should use risk-adjusted measures of losses due to
injury and of gains from the restoration action, in conjunction with a riskless discount rate
representing the consumer rate of time preference. If the streams of losses and gains cannot be
adequately adjusted for risks, then trustees may use a discount rate that incorporates a suitable
risk adjustment to the riskless rate.

8 990.54 Restoration selection—evaluation of alter natives.

(@) Evaluation standards. Once trustees have developed a reasonable range of restoration
aternatives under 8 990.53 of this part, they must evaluate the proposed aternatives based on, at
aminimum:

(1) Thecost to carry out the aternative;

(2) The extent to which each alternative is expected to meet the trustees goals and
objectivesin returning the injured natural resources and services to baseline and/or compensating
for interim losses,

(3) Thelikelihood of success of each aternative;

(4) The extent to which each alternative will prevent future injury as a result of the
incident, and avoid collateral injury as aresult of implementing the alternative;
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(5) The extent to which each alternative benefits more than one natural resource and/or
service; and

(6) The effect of each aternative on public health and safety.

(b) Preferred restoration alternatives. Based on an evaluation of the factors under
paragraph (a) of this section, trustees must select a preferred restoration alternative(s). If the
trustees conclude that two or more aternatives are equally preferable based on these factors, the
trustees must select the most cost-effective aternative.

(c) Pilot projects. Where additional information is needed to identify and evaluate the
feasbility and likelihood of success of restoration aternatives, trustees may implement restoration
pilot projects. Pilot projects should only be undertaken when, in the judgment of the trustees,
these projects are likely to provide the information, described in paragraph (a) of this section, at a
reasonable cost and in a reasonable time frame.

§990.55 Restoration selection—developing restoration plans.

(@) General. OPA requires that damages be based upon a plan developed with
opportunity for public review and comment. To meet this requirement, trustees mut, at a
minimum, develop a Draft and Final Restoration Plan, with an opportunity for public review of
and comment on the draft plan.

(b) Draft Restoration Plan. (1) The Draft Restoration Plan should include:

(i) A summary of injury assessment procedures used;

(if) A description of the nature, degree, and spatial and temporal extent of injuries
resulting from the incident;

(i) The goals and objectives of restoration;

(iv) Therange of restoration alternatives considered, and a discussion of how such
aternatives were developed under Sec. 990.53 of this part, and evaluated under § 990.54 of this
part;

(v) Identification of the trustees’ tentative preferred alternative(s);

(vi) A description of past and proposed involvement of the responsible partiesin the
assessment; and

(vii) A description of monitoring for documenting restoration effectiveness, including
performance criteria that will be used to determine the success of restoration or need for interim
corrective action.

(2) When developing the Draft Restoration Plan, trustees must establish restoration
objectives that are specific to the injuries. These objectives should clearly specify the desired
outcome, and the performance criteria by which successful restoration will be judged.
Performance criteria may include structural, functional, temporal, and/or other demonstrable
factors. Trustees must, at a minimum, determine what criteria will:

(i) Constitute success, such that responsible parties are relieved of responsibility for
further restoration actions; or

(if) Necessitate corrective actionsin order to comply with the terms of arestoration plan
or settlement agreement.
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(3) The monitoring component to the Draft Restoration Plan should address such factors
as duration and frequency of monitoring needed to gauge progress and success, level of sampling
needed to detect success or the need for corrective action, and whether monitoring of a reference
or control site is needed to determine progress and success. Reasonable monitoring and oversight
costs cover those activities necessary to gauge the progress, performance, and success of the
restoration actions developed under the plan.

(c) Public review and comment. The nature of public review and comment on the Draft
and Final Restoration Plans will depend on the nature of the incident and any applicable federal
trustee NEPA requirements, as described in 88 990.14(d) and 990.23 of this part.

(d) Final Restoration Plan. Trustees must develop aFinal Restoration Plan that includes
the information specified in paragraph (a) of this section, responses to public comments, if
applicable, and an indication of any changes made to the Draft Restoration Plan.

Sec. 990.56 Restoration selection—use of a Regional Restoration Plan or existing
restoration project.

(@) General. Trustees may consider using a Regional Restoration Plan or existing
restoration project where such a plan or project is determined to be the preferred alternative
among arange of feasible restoration aternatives for an incident, as determined under § 990.54 of
this part. Such plans or projects must be capable of fulfilling OPA’s intent for the trustees to
restore, rehabilitate, replace, or acquire the equivalent of the injured natural resources and
services and compensate for interim losses.

(b) Existing plansor projects. (1) Considerations. Trustees may select a component of a
Regional Restoration Plan or an existing restoration project as the preferred aternative, provided
that the plan or project:

(i) Was developed with public review and comment or is subject to public review and
comment under this part;

(i) Will adequately compensate the environment and public for injuries resulting from the
incident;

(iii) Addresses, and is currently relevant to, the same or comparable natural resources and
services as those identified as having been injured; and

(iv) Allowsfor reasonable scaling relative to the incident.
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(2) Demand. (i) If the conditions of paragraph (b)(1) of this section are met, the trustees
must invite the responsible parties to implement that component of the Regional Restoration Plan
or existing restoration project, or advance to the trustees the trustees' reasonable estimate of the
cost of implementing that component of the Regional Restoration Plan or existing restoration
project.

(i) 1f the conditions of paragraph (b)(1) of this section are met, but the trustees determine
that the scale of the existing plan or project is greater than the scale of compensation required by
the incident, trustees may only request funding from the responsible parties equivalent to the scale
of the restoration determined to be appropriate for the incident of concern. Trustees may pool
such partial recoveries until adequate funding is available to successfully implement the existing
plan or project.

(3) Notice of Intent To Use a Regional Restoration Plan or Existing Restoration Project.
If trustees intend to use an appropriate component of a Regional Restoration Plan or existing
restoration project, they must prepare a Notice of Intent to Use a Regional Restoration Plan or
Existing Restoration Project. Trustees must make a copy of the notice publicly available. The
notice must include, at a minimum:

(i) A description of the nature, degree, and spatial and temporal extent of injuries; and

(if) A description of the relevant component of the Regional Restoration Plan or existing
restoration project; and

(iii) An explanation of how the conditions set forth in paragraph (b)(1) of this section are
met.
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Subpart F—Restor ation I mplementation Phase
Sec. 990.60 Purpose.

The purpose of this subpart isto provide a process for implementing restoration.
§990.61 Administrativerecord.

(@) Closing the administrative record for restoration planning. Within a reasonable time
after the trustees have completed restoration planning, as provided in 88 990.55 and 990.56 of
this part, they must close the administrative record. Trustees may not add documents to the
administrative record once it is closed, except where such documents:

(1) Areoffered by interested parties that did not receive actual or constructive notice of
the Draft Restoration Plan and the opportunity to comment on the plan;

(2) Do not duplicate information already contained in the administrative record; and

(3) Raise significant issues regarding the Final Restoration Plan.

(b) Opening an administrative record for restoration implementation. Trustees may open
an administrative record for implementation of restoration, as provided in Sec. 990.45 of this
part. The costs associated with the administrative record are part of the costs of restoration.
Ordinarily, the administrative record for implementation of restoration should document, at a
minimum, all Restoration Implementation Phase decisions, actions, and expenditures, including
any modifications made to the Final Restoration Plan.

§990.62 Presenting a demand.

() General. After closing the administrative record for restoration planning, trustees
must present a written demand to the responsible parties. Delivery of the demand should be made
in amanner that establishes the date of receipt by the responsible parties.

(b) When a Final Restoration Plan has been developed. Except as provided in paragraph
(c) of this section and in Sec. 990.14(c) of this part, the demand must invite the responsible
parties to either:

(1) Implement the Final Restoration Plan subject to trustee oversight and reimburse the
trustees for their assessment and oversight costs; or

(2) Advance to the trustees a specified sum representing trustee assessment costs and all
trustee costs associated with implementing the Final Restoration Plan, discounted as provided in §
990.63(a) of this part.

(c) Regional Restoration Plan or existing restoration project. When the trustees use a
Regional Restoration Plan or an existing restoration project under Sec. 990.56 of this part, the
demand will invite the responsible parties to implement a component of a Regional Restoration
Plan or existing restoration project, or advance the trustees estimate of damages based on the
scale of the restoration determined to be appropriate for the incident of concern, which may be
the entire project or a portion thereof.
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(d) Response to demand. The responsible parties must respond within ninety (90)
calendar days in writing by paying or providing binding assurance they will reimburse trustees
assessment costs and implement the plan or pay assessment costs and the trustees' estimate of the
costs of implementation.

(e) Additional contents of demand. The demand must aso include:

(1) Identification of the incident from which the claim arises;

(2) Identification of the trustee(s) asserting the claim and a statement of the statutory
basis for trusteeship;

(3) A brief description of the injuries for which the claim is being brought;

(4) Anindex to the administrative record,;

(5) The Fina Restoration Plan or Notice of Intent to Use a Regional Restoration Plan or
Existing Restoration Project; and

(6) A request for reimbursement of:

(i) Reasonable assessment costs, as defined in § 990.30 of this part and discounted as
provided in Sec. 990.63(b) of this part;

(i) The cost, if any, of conducting emergency restoration under 8 990.26 of this part,
discounted as provided in Sec. 990.63(b) of this part; and

(iii) Interest on the amounts recoverable, as provided in section 1005 of OPA (33 U.S.C.
2705), which allows for prejudgment and post-judgment interest to be paid at a commercia paper
rate, starting from thirty (30) calendar days from the date a demand is presented until the date the
clamis paid.

§990.63 Discounting and compounding.

(@) Estimated future restoration costs. When determining estimated future costs of
implementing a Final Restoration Plan, trustees must discount such future costs back to the date
the demand is presented. Trustees may use a discount rate that represents the yield on recoveries
available to trustees. The price indices used to project future inflation should reflect the major
components of the restoration costs.

(b) Past assessment and emergency restoration costs. When calculating the present value
of assessment and emergency restoration costs already incurred, trustees must compound the
costs forward to the date the demand is presented. To perform the compounding, trustees may
use the actual U.S. Treasury borrowing rate on marketable securities of comparable maturity to
the period of analysis. For costs incurred by state or tribal trustees, trustees may compound using
parallel state or tribal borrowing rates.

(c) Trusteesare referred to Appendices B and C of OMB Circular A-94 for information
about U.S. Treasury rates of various maturities and guidance in calculation procedures. Copies of
Appendix C, which is regularly updated, and of the Circular are available from the OMB
Publications Office (202-395-7332).
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§990.64 Unsatisfied demands.

() If the responsible parties do not agree to the demand within ninety (90) calendar days
after trustees present the demand, the trustees may either file ajudicial action for damages or seek
an appropriation from the Oil Spill Liability Trust Fund, as provided in section 1012(a)(2) of OPA
(33 U.S.C. 2712(a)(2)).

(b) Judicia actions and claims must be filed within three (3) years after the Final
Restoration Plan or Notice of Intent to Use a Regiona Restoration Plan or Existing Restoration
Project is made publicly available, in accordance with 33 U.S.C. 2717(f)(1)(B) and 2712(h)(2).

8990.65 Opening an account for recover ed damages.

(@) General. Sums recovered by trustees in satisfaction of a natural resource damage
claim must be placed in arevolving trust account. Sums recovered for past assessment costs and
emergency restoration costs may be used to reimburse the trustees. All other sums must be used
to implement the Final Restoration Plan or al or an appropriate component of a Regional
Restoration Plan or an existing restoration project.

(b) Joint trustee recoveries. (1) General. Trustees may establish a joint account for
damages recovered pursuant to joint assessment activities, such as an account under the registry
of the applicable federal court.

(2) Management. Trustees may develop enforceable agreements to govern management
of joint accounts, including agreed-upon criteria and procedures, and personnel for authorizing
expenditures out of such joint accounts.

(c) Interest-bearing accounts. Trustees may place recoveries in interest-bearing revolving
trust accounts, as provided by section 1006(f) of OPA (33 U.S.C. 2706(f)). Interest earned on
such accounts may only be used for restoration.

(d) Escrow accounts. Trustees may establish escrow accounts or other investment
accounts.

(e) Records. Trustees must maintain appropriate accounting and reporting procedures to
document expenditures from accounts established under this section.

(f) Oil Soill Liability Trust Fund. Any sums remaining in an account established under
this section that are not used either to reimburse trustees for past assessment and emergency
restoration costs or to implement restoration must be deposited in the Oil Spill Liability Trust
Fund, as provided by section 1006(f) of OPA (33 U.S.C. 2706(f)).
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8990.66 Additional considerations.

(@) Upon settlement of a claim, trustees should consider the following actionsto facilitate
implementation of restoration:

(1) Establish atrustee committee and/or memorandum of understanding or other
agreement to coordinate among affected trustees, as provided in § 990.14(a)(3) of this part;

(2) Develop more detailed workplans to implement restoration;

(3) Monitor and oversee restoration; and

(4) Evaluate restoration success and the need for corrective action.

(b) The reasonable costs of such actions are included as restoration costs.
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RELATED GUIDANCE DOCUMENTS APPENDIX B

In support of the NRDA regulations under OPA and for the purpose of facilitating the
NRDA process under OPA, NOAA has produced a number of related guidance documents, in
addition to the Injury Assessment Guidance Document, that are relevant to injury assessment
activities. All of these documents are currently available in final form.

NOAA. 1996. Preassessment Phase, Guidance Document for Natural Resource Damage
Assessment under the Oil Pollution Act of 1990. National Oceanic and Atmospheric
Administration, Damage Assessment and Restoration Program, Silver Spring, MD.

NOAA. 1996. Specifications for Use of the NRDAM/CME Version 2.4 to Generate
Compensation Formulas, Guidance Document for Natural Resource Damage Assessment
under the Oil Pollution Act of 1990. National Oceanic and Atmospheric Administration,
Damage Assessment and Restoration Program, Silver Spring, MD.

NOAA. 1996. Primary Restoration, Guidance Document for Natural Resource Damage
Assessment under the Oil Pollution Act of 1990. National Oceanic and Atmospheric
Administration, Damage Assessment and Restoration Program, Silver Spring, MD.

NOAA. 1996. Restoration Planning, Guidance Document for Natural Resource Damage
Assessment under the Oil Pollution Act of 1990. National Oceanic and Atmospheric
Administration, Damage Assessment and Restoration Program, Silver Spring, MD.
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C.1 Introductiont

The purpose of this appendix is to provide a general discussion of oil chemistry and the
behavior of oil following an incident, including exposure and pathway information. Trustees may
use this material when developing an inventory of possible injuries and evaluating the strength of
evidence for these injuries, as described in Chapter 2. Trustees should recognize that the
literature is extensive and growing rapidly and the information contained herein is subject to
change. Theinformation in this appendix is intended only to provide an overview.

In order to conclude that natural resource injuries resulted from the incident in the event
of an actual discharge, trustees need to consider:

The pathway(s) of the oil from the point of discharge to the injured natural
resources,

Whether injured natural resources were exposed, either directly or
indirectly, to the same oil that was discharged;

The geographical and temporal nature of the exposure; and

Whether exposure to the discharged oil caused the injury.

Pathway and exposure information is important regardless of which NRDA procedure is
selected. If amodel-based assessment is conducted, pathway and exposure data may be the only
incident- specific information collected.

As with other elements of the NRDA process, selection of appropriate strategies for
evaluating oil pathways and exposure will depend upon the type and volume of spilled oil, natural
resources at risk, and nature of the receiving environment. Early consideration of exposure and
pathway issues (ideally during the Preassessment Phase) should help to focus the assessment on
those natural resources that are most likely to be affected by a discharge. The following sections
of this appendix provide a basic overview of oil chemistry and oil types, oil fates and weathering,
mass balance estimates, pathways, and exposure considerations.

Thetext in this appendix was drafted by Douglas Helton, Damage Assessment Center, Seattle, WA.
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C.2 Oil Chemistry and Oil Types

The characteristics of discharged oil can provide the trustees with an initial screening of
the potential pathways, exposure, and injuries resulting from the incident. However, the number
and variability of crude and refined oils, each with different physical and chemical characteristics,
makes such characterization daunting. For instance, fuel oils often are blended and the relative
proportions of the component oils frequently change. Further, crude oils from different wellsin
the same region can have markedly different properties, and even the properties of oil taken from
an individual well can vary with the depth of the well and the year of production (Bobra and
Callaghan, 1990). Variahility also exists within types or grades of oil. Therefore, the trustees
need to access specific sources (i.e., databases) to simplify their task of characterizing oil in an
adequate fashion. One such source is NOAA's Automated Data Inquiry for Oil Spills (ADIOS)
database, which lists approximately one thousand different oils (NOAA, 19944).

C.2.a Oil Chemistry

Oils are complex mixtures of organic compounds and trace elements. Carbon (82-87%)
and hydrogen (11-15%) are the most common elements of petroleum, with sulfur (0-8%),
nitrogen (0-1%) and oxygen (0-0.5%) as important minor constituents (Duckworth and Perry,
1986). Trace elements vary widely and may include vanadium, nickel, iron, aluminum, sodium,
calcium, copper, and others (National Research Council, 1985).

Oils typically are described in terms of their physical properties (e.g., density, pour point)
and chemical composition (i.e., percent composition of various petroleum hydrocarbons,
asphaltenes, and sulfur). Although very complex in makeup, these oils can be broken down into
four basic classes of petroleum hydrocarbons. alkanes, naphthenes, aromatics and alkenes. Each
class is distinguished on the basis of molecular composition, as described below.

Alkanes (Also called normal paraffins): Alkanes are characterized by branched or unbranched
chains of carbon atoms with attached hydrogen atoms and contain only singly carbon-carbon
bonds (i.e., they are saturated, since they contain no double or triple bonds). Common alkanes
include methane, propane, and isobutane.

Naphthenes (Also called cycloakanes or cycloparaffins): Naphthenes typically comprise about
50% of the average crude oil. Naphthenes are similar to alkanes, but are characterized by the
presence of simple closed rings of carbon atoms. Naphthenes are generally stable and relatively
insoluble in water. Common naphthenes include cyclopropane and cyclopentane.

2 The following discussion is based on Fingas et al., 1979; Duckworth and Perry, 1986; Clarke and Brown,

1977; and National Research Council, 1985. The reader should refer to these documents for further information.
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Aromatics: Aromatics are a class of hydrocarbons characterized by rings with six carbon atoms.
Aromatics are considered to be the most acutely toxic component of crude oil, and are also
associated with chronic and carcinogenic effects. Many low-weight aromatics also are soluble in
water, increasing the potential for exposure to aquatic resources. Aromatics are often further
distinguished by the number of rings, which may range from one to six. Aromatics with two or
more rings are referred to as polycyclic aromatic hydrocarbons. Common aromatics include
benzene, naphthalene, and benzo(a)pyrene.

Alkenes (Also called olefins or isoparaffins): Alkenes are characterized by branched or
unbranched chains of carbon atoms, similar to alkanes except for the presence of double bonded
carbon atoms. Alkenes are not generally found in crude oils, but are common

in refined products, such as gasoline. Common akenes include ethene and propene.

Other Components. In addition to these four mgjor classes of hydrocarbons, oils also are
characterized by other components. Asphaltenes and resins can comprise a large fraction of crude
oils and heavy fuel oils, making those oils very dense and viscous. Other non-hydrocarbons that
incorporate nitrogen, sulfur, and oxygen (also referred to as NSO) are also common. Crude oils
that are high in sulfur are referred to as "sour."

20-200 °C: 4-12 carbons: Straight-run gasoline (e.g., not produced
through catalytic decomposition).

185-345 °C: 10-20 carbons: Middle distillates, including kerosene, jet
fuels, heating oil, diesel fuel.

345-540 °C: 18-45 carbons: Wide cut gas oils, including light lube oils,
heavy lube oils, waxes, and catalytic feed stock for production of gasoline.

>540 °C: >40 carbons: Residual oils, which may be cut with lighter oilsto
produce bunker oils.

Refined oils also may have a number of additives (e.g., gelling inhibitors) that are added to diesel
fuels during cold weather. Certain additives may be of special concern in an injury assessment,
either because they are toxic themselves or because they significantly change the behavior of the
oil.



C.2.b Oil Typesand Behavior

An understanding of the likely physical and chemical behavior of the discharged oil will
help to focus the assessment on the most important injuries. For example, one of the most
important factors in minimizing the shoreline impacts of the 1993 Braer incident in the Shetland
Idlands was the type of discharged oil (Harris, 1995). Norwegian Gullfaks crude oil has alow
viscosity and relatively high degree of natural dispersion and, when combined with high wave
energy, tendsto disperse. Most of the oil from the Braer dispersed into the water column or
broke into thin sheens within the first two days of the discharge and shoreline injuries were
minimal. If the Braer's cargo had been a heavier crude, shoreline injuries would have been
significantly greater.

There are a number of oil properties that should be considered when developing
hypotheses about the potential for injury, including:

Density;

Viscosity;

Pour point;

Solubility;

Chemical composition (especialy percent aromatics); and

Potential for emulsification.

These properties, combined with environmental information (e.g., water density, wave
height, wind speed, currents, temperature, suspended sediment load, and cloud cover) and
response efforts (i.e., use of chemical dispersants, and other countermeasures) can help to
determine the fate of the discharged oil and natural resources that may be at risk.

Despite the variability noted by Bobra and Callaghan (1990), oils can be divided into six
broad classes based on the predicted short-term behavior and likely injuries to natural resources.
Pertinent properties of each oil class are summarized in Exhibit C-1 (RPI, 1994; NOAA, 1994b;
Duckworth and Perry, 1986).



C. 3 Oil Fates and Weathering

After oil is discharged into the environment, awide variety of physical, chemical, and
biological processes begin to transform the discharged oil. These processes are illustrated
schematically in Exhibit C.2. Collectively, these processes are referred to as weathering and act
to change the composition, behavior, routes of exposure, and toxicity of the discharged oil. For
example, penetration into marsh vegetation may depend on oil viscosity. Weathered oils
penetrate less than fresh oil (NOAA, 1992a). Weathered oil is composed of relatively insoluble
compounds and often coalesces into mats or tarballs. Asaresult, the potential for exposure to
fish through water column toxicity is lessened, asis the potential for birds or mammals to
encounter the oil. Alternatively, certain species are known to ingest tarballs and the potential for
exposure of those species may increase as the oil weathers (Lutz and Lutcavage, 1989, Gitschlag,
1992). Also, the loss of the lighter fractions through dissolution and/or evaporation during the
weathering process can cause normally buoyant oil to sink, thereby contaminating subtidal
sediment and contributing to water column toxicity (Burns et al., 1995; Michel and Galt, 1995).

Understanding the weathering process is important in interpreting oil samples. Congtituents of
the oil provide achemica "fingerprint” that can be used to help identify or distinguish oil froma
specific incident from other discharges, biogenic and pyrogenic sources, or background contamingtion.
These congtituents will vary depending on the geologic source of the oil and refinery process. In
fingerprinting, the presence and relative concentration of specific constituents of the oil are compared
with known source samples. Although fingerprinting focuses on congtituents that are dominant
congtituents of the oil or that may be persstent, these congtituents may change in concentration asthe
oil weathers, making it more difficult to identify the oil. Evenin highly weathered oil, however,
fingerprinting may still be useful in excluding other potential sources.

The primary weathering processes include spreading, evaporation, dissolution, dispersion,
emulsfication, and sedimentation. These processes occur for al discharges, but the rate and relative
importance of each process depends on the specific oil and ambient environmental conditions. Exhibit
C.3illustrates the relative importance of these primary processes over time.



Exhibit C.1

GENERAL OIL PROPERTIES

Typel Very Light Oils (Gasoline)

Highly volatile and soluble..
Evaporates quickly, often completdy within 1 to 2 days.
High acute toxicity.

Type?2 Light Oils (Jet Fuds, Diesdl, No. 2 Fuel Qil, Light Crudes)

Moderately volatile.

Will leave resdue (up to one-third of spill amount) after afew days.

Moderately soluble, especidly digtilled products.

Moderate to high acute toxicity; product-specific toxicity related to type and concentration

of aromatic compounds

Type3 Medium Oils(Mast Crude Oils)

About one-third will evaporate within 24 hours.

Typical water-soluble fraction 10-100 ppm.

May penetrate subgtrate and persg.

May be significant clean-up related impacts.

Variable acute toxicity, depending on the amount of light fraction.

Type4 Heavy Oil (Heavy Crudes, No. 6 Fud Oil, Bunker C)

Heavy oils with little/no eveporation or dissolution.
Water-soluble fraction typically less than 10 ppm.

Heavy surface contamination likely.

Highly perdastent, long-term contamination possible.
Westhers very dowly; may formtarballs.

May snk depending on product dendgty and water densty.
May be significant clean-up related impacts.

Low acute toxicity relative to other oil types.

Type5Low API Fue Oils(Heavy Indugrial fud ails)

Neutrally buoyant or may sink depending on water density.

Westhers dowly; sunken oil hasllittle potentia for evaporation.

May accumulate on bottom under calm conditions and smother subtidal resources.

Sunken oil may be resuspended during storms, providing a chronic source of shoreline ailing.
Highly variable and often blended with oils.

Blends may be unstable and the oil may separate when spilled.

Low acute toxicity relative to other oil types.

Type 6 Animal and Plant Oils (Fish ail, vegetable ail)

Shipped in smaller quantities than petroleum oils, but may be stored in large quarntities.
Physical properties are highly variable.

High biologica oxygen demand (BOD), which could result in oxygen deprivation in confined
water bodies.

Low acute toxicity relative to petroleum oils.




Exhibit C.2

SCHEMATIC OF OIL FATES AND WEATHERING
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Exhibit C.3

RELATIVE IMPORTANCE OF WEATHERING PROCESSES
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From NOAA, 1992a

Spreading: Asoil entersthe environment, it beginsto spread immediately. The viscosty of the oll, its
pour point, and the ambient temperature will determine how rapidly the oil will spread, but light oils
typicaly spread more rapidly than heavy oils. The rate of spreading and ultimate thickness of the ol
dick will affect the rates of the other wegthering processes. For example, dischargesthat occur in
geographically contained areas (e.g., apond or dow moving stream) will evaporate more dowly than if
the oil were alowed to spread.

Evaporation: Evaporative processes begin immediately after oil is discharged into the environment.
Some light products may evaporate entirely. A sgnificant fraction of heavy refined oils also may
evaporate. For crude oils, the amount lost to evaporation can typically range from approximately 20 to
60 percent (NOAA, 19924). The primary factorsthat control evaporation are the composition of the
oil, dick thickness, temperature and solar radiation, windspeed, and wave height. While evaporation
rates increase with temperature, this processis not restricted to warm climates. For the Exxon Valdez
incident, which occurred in cold conditions (March 1989), Wolfe et d. (1994) estimated that
appreciable evaporation occurred even before dl the oil escaped from the ship and that evaporation
ultimately accounted for 20 percent of the ail.



Dissolution: Dissolutionisthe loss of individua oil compounds into the water. Many of the acutely
toxic components of oils such as benzene, toluene, and xylene will readily dissolve into water. This
process o occurs quickly after a discharge, but tendsto be lessimportant than evaporation. Ina
typica marine discharge, generaly lessthan 5 percent of the benzene islost to dissolution while greater
than 95 percent islost to evaporation (NOAA, 1992b). The dissolution process is thought to be much
more important in rivers because natura containment may prevent spreading, reducing the surface area
of the dick and thus retarding evaporation. At the sametime, river turbulence increases the potentia
for mixing and dissolution.

Dispersion: The physical trangport of oil dropletsinto the water column isreferred to as dispersion.
Thisis often aresult of water surface turbulence, but aso may result from the application of chemical
agents (dispersants). These droplets may remain in the water column or coalesce with other droplets
and gain enough buoyancy to resurface. Dispersed oil tends to biodegrade and dissolve more rapidly
than floating dicks because of high surface arearédative to volume.

Emulsfication: Certain oilstend to form water-in-oil emulsions or "mousse” as weathering occurs.
This processis sgnificant because, for example, the gpparent volume of the oil may increase
dramatically and the emulsification will dow the other weathering processes, especidly evaporation.
Under certain conditions, these emulsions may separate and release relatively fresh oil.

Sedimentation or adsorption: As mentioned above, most oils are buoyant in water. However, in
areas with high suspended sediment levels, oils may be transported to the river, lake, or ocean floor
through the process of sedimentation. Oil may adsorb to sediments and sink or be ingested by
zooplankton and excreted in feca pellets, which may settle to the bottom. Oil stranded on shorelines
also may pick up sediments, refloat with the tide, and then sink.

Other processes: In addition to the primary westhering processes described above, there are severa
other processes that may be important to understanding the fate and potentia for exposure. These
include aeolian (wind) transport, photochemica degradation, and microbia degradation



C.4 MassBalance

One way to synthesize the overall fate of adischarge, including cleanup and wegthering, is
through the development of amass balance. Although a detailed mass balance such asthe one
developed by Wolfe et d., (1994) for the Exxon Valdez incident may take several yearsto construct, a
preliminary mass balance may be feasible during the Preassessment Phase. Condderation of the
potentia fates of the oil will assist trustees in estimating the loading of oil into certain habitats, which
may be useful in identifying and scaling injury Sudiesin certain areas. For example, Scholz and Michel
(1992) conducted a mass baance on the T/V Mega Borg incident in Texas to determine the fate of the
ail, including the fraction of the oil burned inthe fire. This mass balance isillustrated in Exhibit C-4.
This information was used in determining the potential for oil exposure to shrimp (Nance, 1992).

Exhibit C.4

ESTIMATED MASSBALANCE FORTHE
MEGA BORG INCIDENT

27.8%

15.6%
Evaporated

Sheen

9
0.4% 4.5%

Recovered

Dispersed

51.7%

Burned

Source: Scholz and Michel, 1992.
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A mass balance also may be useful in evaluating the success of the response operations and
provide a check on the total amount of oil discharged. A mass balance approach was used to check
divergent estimates of afud oil discharge into the Cape Fear River, North Carolina (Baca et d., 1983).
Mass balance estimates may be necessary if the trustees decide to use amode or compensation
formulas, because these methods generally require an estimate of both the amount discharged and the
amount recovered.

C.5 Pathways

To conclude that a specific injury resulted from a discharge, an exposure pathway linking the
incident to the injury must be identified. Understanding the potential pathways will help to narrow the
scope of the NRDA investigation, but also may be important in deciding which assessment
methodology to use. For example, the Type A modd does not address injuriesthat occur viaair or
terrestrid pathways. Note that injury determination does not require that natural resources be directly
exposed to oil. Aninjury or loss of services can occur without the presence of oil. Therefore, an
exposure pathway can be ether:

Direct: A sequence of events by which the oil traveled through the environment and
physicdly came into contact with the natural resource. For example, direct oiling of a
shellfish bed may result in mortality and decreased growth.

Indirect: A sequence of events by which the effect of exposure to oil was transferred
to the natural resource of concern, without the oil directly contacting the natural
resource. For example, a decreased bait fish population caused by a spill may result in
the starvation of a piscivorous bird, or afishery may be closed to prevent potentialy
tainted fish from being marketed.

There are anumber of potentia exposure pathways. 1n some cases, these pathways may have
multiple steps. For example, a common exposure pathway for birds is a surface water pathway,
leading to physical exposure, leading to ingestion from preening. Although it is difficult to list al of the
potentid direct and indirect exposure pathways, severa of the predominant pathways for discharges of
oil are discussed below.

Surface Waters: Because most oilsfloat, surface waters are often the exposure pathway of grestest
concern. Surface waters may provide a pathway for exposure of openrwater natural resources such as
birds, mammals, and plankton in the surface microlayer; or a pathway to shoreline and intertidal natural
resources. The surface waters themselves are a natural resource and floating oil may disrupt a number
of natura resource services including recreation, transportation, and aesthetic values. This pathway is
relatively sraightforward to document using aerid overflights, surface vessel observations, and
computer models designed to smulate the behavior and transport of surface oil dicks.
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I ngestion: Ingestion isacommon exposure pathway. Oiled birds will ingest oil during preening.
Turtles feed on objects floating at the water surface, therefore they are susceptible to ingestion of tar
balls, which can block the ord cavity and digestive tract (Van Vleet and Pauly, 1987). Injuriesto river
otters have been related to ingestion pathways, both from preening and from contaminated food
(Bowyer et al., 1993). Ingestion pathways aso have been observed for invertebrates. Chrigtini (1992)
noted that blue crabs were attracted to and ingested tarballs. Because many organisms can metabolize
petroleum, biomagnification viatrophic pathways is not considered an important pathway (McElroy et
al., 1989; National Research Council, 1985), however, organisms may be exposed by ingesting
contaminated prey (e.g., bioavailability). For example, bivalve mollusks such as mussals may
accumulate petroleum hydrocarbonsin their tissues and pass contamination on to higher trophic level
predators such as birds or marine mammals. This pathway has been linked to the perastent
reproductive failure of Harlequin Ducks in Western Prince William Sound following the Exxon Valdez
incident (Patten, 1993). Approachesto studying ingestion and food web pathways include direct
observation of feeding, preening behavior, and oiling of mouth parts; analysis of gut contents; tissue
analysis of prey species, and feces andysis.

Inhalation: The potentid for inhalation pathways depends on the volatility of the oil and degree of
wegthering. Inhaation pathways have been hypothesized to be important, especidly to marine
mammals. For example, following the Exxon Valdez incident, Frost and Lowry (1993) found central
nervous system injuries and edemain harbor sedsthat was smilar to that present in humansthat die
from inhaling solvents. Researchers postulate that killer whales were killed by exposure to volatile
hydrocarbons after the Exxon Valdez incident (Dalheim and Matkin, 1993).

Physical (Dermal) Exposure: Surface water and other pathways may lead to direct physical exposure
of anatura resourceto oil. Thiscontact may directly cause injury (e.g., Smothering), may impair the
physiology of the organism resulting in injury (e.g., hypothermiain birds and mammals from impaired
thermoregulation), or may cause a service loss (e.g., derma exposure in fish resulting in tainting).
Direct contact through a dermal absorption pathway aso may lead to contamination of organs, fluids,
and tissues.

Atmospheric: The atmosphere may provide a pathway to natura resources or affect the service flows
from these naturd resources. The 1993 Braer incident in the Shetland 1dands provides an example of
an aeolian pathway. High winds carried the oil asamist inland and contaminated approximately 20
sguare miles of crop lands, as well as oiling houses, cars, and alake used for drinking water (Harris,
1995). Other less drameatic examples include the 1993 Colonia Pipeline incident in Virginia (Koob,
1995), where abreak in a pipeline sprayed oil into the air and oiled a number of natural resources,
including an upland forest area. The burning of oil (either deliberately or by chance) could increase
amospheric impacts. Atmospheric pathways may be especidly important in determining the potentia
for lost use. For example, oil from the Colonial incident eventually flowed into the Potomeac River,
where odors resulted in the closure of Great Falls Nationa Park and impairment of air quality along the
Capital Mall area.
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Sediments. Subtida and intertidal sediments are an important pathway in most discharges, affecting
biological resources, habitats, and service flows. In most instances, intertidal sediments are the primary
pathway of concern, but extensive subtida sediment contamination has been observed in a number of
large incidents, such as the Amoco Cadiz, Exxon Valdez Braer, and Morris J. Berman. Chronic
exposure to oiled sediments has been correlated with reduced feeding, growth, and reproduction, and
with histopathological changesin benthic fish. Sediment pathways also are important in recreational
lost use. Beaches, for example, may be closed because of oiled sediments. Subtidal sediments may
provide a pathway for chronic beach oiling (Burns et d., 1995).

Groundwater: Groundwater petroleum contamination can involve large amounts of oil and affect
huge areas. One tank farm facility alone has been estimated to have released between 84 and 252
million gdlons of petroleum into groundwater (Mould et d., 1995). Chronic groundwater
contamination may result from leaking underground storage tanks or from chronic surface discharges
(e.g., refineries, tank farms), while acute contamination may result from the sudden failure of storage
tanks or other terrestrid incidents. Groundwater may provide a pathway for exposure to terrestria and
aguatic resources. Infact, many groundwater problems are first discovered when oil begins leaching
into surface waters. Studying groundwater pathways generdly involves the use of monitoring wells or
sampling of exigting drinking water wells in the aguifer.

Water Column: The potential for asignificant water column exposure pathway depends on the
dispersion and dissolution characteristics of the oil, response countermeasures, and ambient
environmental conditions. Because of the ephemera nature of water column exposure, studying water
column pathways in-situ must be done quickly after adischarge and can be very costly. Alternatively,
this pathway may be demonstrated based on literature information, laboratory studies on the physical
behavior of the oil, or through the use of models

C.6 Exposure

Demongtrating exposure is an important step in determining injury, but evidence of exposure
aloneis not sufficient to conclude that injury to a natural resource has occurred (e.g., the presence of
petroleum hydrocarbons in oyster tissuesis not in itself aninjury). The purpose of the exposure
portion of an injury assessment isto determine whether natural resources came into contact, either
directly or indirectly, with the oil and to estimate the amount or concentration of the oil and the
geographic extent of the oil. Thisinformation is necessary to design, interpret, and extrapolate the
results of theinjury studies.

A number of factors should be considered when formulating hypotheses regarding the potentia
for and sgnificance of exposure.

Oil Type: The physica and chemica characteristics of the oil will strongly influence the potentia for
and nature of exposure.
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Spill Volume: The size of the discharge will affect the nature of the exposure. During small
discharges, for example, oil may concentrate in aband dong the high tide line. The greatest potentia
for exposure may therefore occur at the high tide line and in detrital materid. Under heavy
accumulations, however, oil may cover the entire intertidal zone.

Cleanup effects: If oil isremoved from the environment quickly before it comesin contact with
sensitive natural resources, the potential for exposure will be greatly minimized. Response actions also
may change the nature of oil exposure. For example, use of chemical dispersants will increase
exposure to the water column. Increased sediment exposure may occur where machinery and foot
traffic force ail into the substrate and equipment staging areas may aso be severely impacted.

Shordine Type and Exposure: The potentid for exposure to oil varies with shoreline
geomorphology and degree of exposure. 1n high energy areas, oil may be rapidly dispersed, generaly
reducing the potentia for exposure. However, these same forces may result in oil being deposited
above the high-water swash or buried by clean sand. Stranded or buried oil may be highly persstent.
Oil exposure to rocky headlands may be minimal, but a sheltered beach afew meters away, where
wave energy isless, may be heavily oiled.

In support of the NRDA regulations under OPA and for the purpose of facilitating the
NRDA process under OPA, NOAA has produced a number of related guidance documents, in
addition to the Preassessment Phase Guidance Document, that are relevant to preassessment
activities. All of these documents are currently available in final form.

Sediment Grain Size: Qil holding capacity and the depth of penetration depends on sediment grain
sze. Oil will penetrate coarse-grained sediments much more rapidly and more deeply than fine
sediments.

Tide Stage: For certain natura resources, the potentia for exposure will depend on tidal height.
Subtidal seagrass beds are generdly less sengtive to ail discharges than intertidal plants, since they
usualy do not comeinto direct contact with the floating oil. Similarly, supratida vegetation may be
exposed to floating oil only on the highest spring tides.

Weather Conditions. Flood conditions or ssorm driven tides may strand oil in areas that would
otherwise be immune from ailing. In freshwater systems, oil may be carried over stream or river banks
and stranded in the flood plain. 1n open water, high winds and waves may break up some oils and
minimize shoreline contamination. Weather conditions also can accelerate or retard oil weathering.
Temperature can affect goecies presence and behavior and thus the potentia for exposure to oil and
injury.
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Behavior and Life History Considerations: Animal behavior is a sgnificant factor in the potential
for exposure. For example, the feeding and roosting behavior of birdsisamgor factor in ther
potentia for exposure to oil (King and Sanger, 1979). Certain life stages may be more vulnerable than
others. Planktonic fish larvae have a greater potential for exposure because they tend to drift at the
samerate as the oil, while adult fish may be able to avoid contaminants. Depending on the season,
migratory birds and wildlife may be present and therefore at risk for exposure. Animals that aggregate
during reproduction, such as certain marine mammals, birds, and fish, may be highly vulnerable.

Duration of Exposure: Time of exposure isacritica consderation in evauating the potential for
injury. A pedagic fish that is briefly exposed to oil while passing through a plume will be less likely to
be injured than afish that remains or is confined in the discharge area.

C.7 Approachesto Exposure Assessment

Exposureis generally evauated with a combination of quantitative and quditative methods. As
with other elements of the NRDA process, selection of appropriate strategies for determination of ol
exposure will depend on the type and volume of discharged oil, natural resources at risk, nature of the
receiving environment, and availability of personnel, funds, and equipment. A few of the potentia
approaches to evaluating exposure are described below.

Computer Modes: Trgectory and weathering models may provide the first quantitative information
on the fates of oil and the likelihood for exposure to specific natural resources and habitats. The NOAA
On-Scene Spill Modd (OSSM) is used to predict the short-term trgjectory of the oil for response
purposes, but aso provides useful information for injury assessment (NOAA 1992b). Trgectory
models are especialy important if the trustees want to sample unoiled areasthat are likely to be oiled
later. The U.S. Department of the Interior's Type A models, Natura Resource Damage Assessment
Modedl for Coagtal and Marine Environments (NRDAM/CME) and Great Lakes Environments
(NRDAM/GLE), dso smulate the physical fates of spilled oils (USDOI, 1994). The SAIC all
wegthering modd (Payne et al., 1983), and the NOAA ADIOS modd (NOAA, 19944) aso predict the
pathways and fates of specific oils. Modes aso may be useful in evaluating the potentia for exposure
in locationsthat are difficult or costly to sample, such as estimating subsurface hydrocarbon
concentrations.
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Visual Observation: Aerid and ground surveys provide arapid tool for exposure assessment of
large areas. This approach is especidly useful in documenting the overdl digtribution of oil-induced
injuries by habitat or region, as well asidentification of potentia reference and impact areas. The
qudlitative and semi-quantitative information collected in this manner is generally combined with more
detailed ground surveys and oil sampling to confirm exposure. Observations generdly include estimates
of thewidth, length, area, and degree of contamination in each affected habitat. Genera guidance on
conducting and interpreting aerial and shoreline surveys can be found in NOAA (1992a,b); NOAA
(1994c); Owens (1991); Environment Canada (1992); and Michel et dl., (1994). Visud observation
also may be used to determine the presence of oil on vegetation and individua organisms.

Presence of Oily Odor: Exposure to oil may also be evaluated qualitatively through organoleptic
testing, the sensory evauation of tainting using taste and smell (Ackman and Heras, 1992; Tidmarsh
and Ackman, 1986; NOAA, 1994d). Thiswas one of the approaches used in the Exxon Valdez
incident to determine if commercialy caught fish had been exposed to oil (Waker and Field, 1991).
The ability to detect oils by smell will vary with the chemical compostion of the oil, degree of
weathering, and sensitivity of theindividua. Low molecular weight oil componentstend to be the
eadest to smell, while the high molecular weight oil components, which may be of the greatest concern
for possible long-term effects, are less volatile and thus harder to detect. The high variability of crude
and fuel oils makesit difficult to characterize individua products by their odor threshold, but the
USCG Chemical Hazards Response | nformation System (CHRI'S) database lists the odor threshold for
several petroleum products, including gasoline at 0.25 ppm, kerosene at 1 ppm, and Jet fudl (JP-5) at 1
ppm (Weiss, 1980).

Body Burden: Exposureto oil can be evduated with a suite of anadytical chemistry techniques
ranging in cost, selectivity, and sengtivity. The choice of the method(s), analytes, and detection limits
should be made by the NRDA team, in concert with their analytica laboratory, and should depend on
the circumstances of the discharge, the type of sample, the required senstivity, the degree of sample
degradation, metabolism, and wesathering, and whether quantitative or qualitative information is
necessary. Chemical analyses for fingerprinting, for example, may provide information on the type and
degree of weathering of the ail, but generaly will not provide an estimate of the concentration of the
contaminant in the sample matrix. However, both fingerprinting and determination of contaminant
concentrations can be accomplished smultaneoudy, depending upon how the sampleis collected. A
detailed discussion of the various analytica methods used in petroleum chemistry is beyond the scope
of this document, but the basic approaches are outlined below. For more information on oil chemistry
and analysis, the reader should refer to Burns (1993); Sauer et d. (1993); Duckworth and Perry
(1986); Boehm et d. (1995); Sauer and Boehm (1991); and McAullife et d., (1988). Trusteesaso
may review PTI (1992) for generd guidance on sdlecting chemica analyses.
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There are three mgjor objectives for the chemica analysis of oil, and different anaytica
methods may be necessary to accomplish these objectives. The three objectives are:

Physical and chemical characterization of the ail, including mgor congtituents, to

provide information on how that oil will behave in the environment, its potentia fates,
persstence, toxicity, and carcinogencity, and to identify target analytes for
fingerprinting;

Fingerprinting to determine whether the oil in an environmental sample isfrom the
gpecific incident, or from another source of oil pollution; and

Concentration to determine the quantity of the oil or important constituents of the ol
in environmental samples.

Presence of Oil in Transplanted Bivalves: Bivalves such as clams, mussels, and oysters can be used
asindicators of exposure and bioeffects. They provide integrated information about the bioavailability
and effects of ail that cannot be determined solely through the chemica analysis of discrete water
samples. This capability is particularly important in monitoring oil discharges where exposure can be
highly variable. The uptake of the discharged oil by bivalvesis evidence of exposure to the bivalves
themsalves as well as an indication of exposure for other injured natural resources. Bivalve collection
and procedures for chemica andyds of tissues have been standardized as part of the Nationd Status
and Trends Program (NOAA, 1989) and guiddlinesfor using transplanted mussalsin NRDA studies
are summarized in Sdazar (1992) and Michd et d. (1994). Mehl and Kocan (1993) have developed
methods to estimate the exposure concentration of the seawater soluble fraction of crude oil fromthe
tissue concentrations in caged mussals deployed after discharges.

Surrogate Samplers. Water column and sediment exposure may be integrated over time through the
use of surrogate samplers, such as semi-permeable membrane devices (SPMDs) or lipid bags (Lebo et
al., 1992; Crecdlius and Lefkovitz, 1992; Crecdiuset a., 1994).

PAH Metabalites: Many oil components including benzene and polycyclic arometic hydrocarbons
(PAHs) are rapidly metabolized by aquatic organisms and do not tend to accumulate in tissues. For
vertebrates, documentation of exposure to petroleum hydrocarbons may be complicated. However,
the metabolites of PAH compounds can be detected, especidly in bile, even though the parent
compound may no longer be detectable (Varanas et d., 1989). Presence of these metabolitesisan
indication that the organism has been exposed to PAHS, but it may be difficult to determine the exact
source of that exposure.
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Mixed Function Oxygenase (M FO) Enzymes. Certain organisms possess enzyme systemsthat can
detoxify contaminants. The most important enzymes in the detoxification process are known as MFO
enzymes. The activity of these enzymesis evidence that the organism has been exposed to
contaminants (Payne et d., 1986; Collier and Varanad, 1991). However, interpretation of enzyme
activity level is complicated because other stresses can lead to elevated levels, so other exposure data
may be necessary to confirm that the elevated levels are associated with the contaminant of concern
(McDondd, 1992).

Hemolytic Anemia: The decreased concentration of red blood cells and/or hemoglobin has been used
as anindicator of oil exposure in certain vertebrates. Birds that have been exposed to oil may develop
anemiawithin days (Leighton, 1982). Seaotters exposed to oil from the Exxon Valdez incident also
developed anemia (Williams, 1990).
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D.1 Introduction

The purpose of this appendix isto provide examples of the types of injuries that have been
documented for a number of natural resources and habitats in association with incidents involving
oil. Although such injuries may result from the actual discharge of oil as well as from response-
related actions, this appendix only addresses the former. The natural resources discussed include:

Physical Natural Resour ces (surface water, ground water, sediments/soils, and
air)

Biological Natural Resour ces - Species Groups

Birds

Marine Mammals

Freshwater and Terrestriadl Mammals
Reptiles and Amphibians

Fish

Shellfish

Biological Natural Resour ces - Habitats

Emergent Wetlands
Submerged Aquatic Vegetation
Coral Reef Ecosystems
Shoreline Communities
Benthic Ecosystems

Terrestrial Ecosystems

Each section includes a brief summary of the sensitivity of the natural resource or habitat
to oil, alisting of indicators of exposure and examples of the types of measurement methods used
to document exposure, a description of the methods commonly used for injury determination, and
alist of references where trustees can find additional information. The natural resources and
habitats discussed in this appendix are not meant to be all inclusive. On-going research continues
to expand our knowledge of how oil affects these and other natural resources and habitats. The
literature cited in this appendix will continue to expand as new information is generated.



D.2 Physical Natural Resources
D.2.a Sensitivity to Oil Impacts

Physical natural resources include surface water, ground water, sediments and soils, and
air. These resources often are the primary pathway of exposure to oil. This section addresses
direct injuries that affect these resources, usually in the form of contamination at levels that impair
services provided to other natural resources and/or humans.

Surface water is the physical resource most often affected by oil because spilled oil
frequently reaches awater body. Most crude oils and refined products have a low water
solubility, less than 100 mg/L and usually less than 50 mg/L (Sutton and Caulder, 1975;
McAuUliffe, 1987). The most water-soluble componentsin oil are also the most volatile, so
evaporation as well as dilution rapidly reduce the amount of oil dissolved in water. Incidents on
land seldom contaminate ground water, primarily because the high viscosity of most oils limits
penetration into surface sediments. Underground discharges from buried tanks and pipelines can
affect ground water, with the largest spread of contamination most often resulting from
discharges of light refined products such as gasoline. For NRDAs involving oil spills,
contamination of ground water is treated as a pathway to other natural resources and habitats,
rather than a natural resource in and of itself.

Sediments and soils often are contaminated during incidents, primarily as aresult of direct
contact with the oil such as at the water/shoreline interface for floating oil. Subagueous
sediments are at risk under specific conditions (see discussion in section on Benthic Ecosystems).
Response efforts are seldom effective at removing all sediment contamination, particularly where
removal activities pose a high risk of further injury, such as on mud flats.

Non-petroleum compounds in crude oils, such as metals, are seldom of environmental
concern for sediment contamination. For example, after the discharge of an estimated 160 to 340
million gallons of crude oil during the 1991 Gulf War, trace metal concentrationsin oiled
intertidal and subtidal sediments were not above background levels (Fowler et al., 1993). Spills
from crude oil pipelines, however, can contain high salinity water, which can adversely affect
freshwater and terrestrial resources. Refined products may contain toxic, non-petroleum
additives.



Injury to air during incidents involving oil is rarely addressed. Evaporation of oil is
considered to be a desirable weathering process removing the lighter, more toxic fractions from
the water and soils. Recently there has been concern about benzene exposures to response
personnel early during an incident, because of the chemical's classification as a human carcinogen.
Overexposure is possible under the right conditions (Eley et al., 1989) namely volatile ail, low
wind, restricted spreading, and sheltered areas where the vapors can pocket. A large incident
near a populated area could raise health concerns for the general public, from either volatilization
or combustion by-products. Particulates from the combustion of oil, those less than 10 microns
(PM-10), pose the greatest risk to the respiratory tract (Wright, 1978).

D.2.b Indicatorsof Exposure

Indicator of Exposure | Measurement Methods

Petroleum Sampling and laboratory analysis of air, water, and/or
hydrocarbon content sediments/soils to quantify the amount of oil contamination,
fingerprint the oil, and characterize oil weathering.

Petroleum Sampling of air, water, and/or sediments/soils to quantify the
hydrocarbon by- amount of oil by-products. For air, combustion by-products would
product content be of greatest concern. For water, intermediate oxidation by-

products would be of concern because they are highly water soluble
and have acute toxicity.

Total Petroleum Hydrocar bons, PAH, and Oxidation by-Productsin Water. Petroleum
hydrocarbonsin water can be measured using ultraviolet fluorescence (UV/F), infrared spectrometry
(IR), and gas chromatography usng USEPA Methods 418.1 and 8015, or American Society for
Testing and Materials (ASTM) Methods D 3414, 3415, and 3650. Individua and tota PAHs in water
can be quantified by Gas Chromatography/Mass Spectroscopy (GC/MS) (10C, 1991). Ehrhardt and
Burns (1993) and Burns (1993) describe new methods for quantification of oxidation by-products, but
few laboratories have experience with these methods.

Total Petroleum Hydr ocarbons and PAH in Sediments. Total extractable hydrocarbonsin
sediments and soils can be measured gravimetrically after extraction (USEPA Method 503) or by
UV/F (USEPA Method 418.1). Samples with high biogenic hydrocarbon content need additional
cleanup steps during the extraction process or they may have high detection levels. Individua and tota
PAHSs in sediments can be quantified by GC/MS (10C, 1991).



Fingerprinting of oil involves a complex series of chemica and interpretative techniques that
increase the confidence with which the source of oil in the sample can be inferred (McAuliffe et d.,
1988; Sauer and Boehm, 1991). The confidence in the ability to fingerprint the discharged ol
decreases with time (due to wesathering) and distance (due to the potentia for contamination from
other sources of petroleum hydrocarbons). Both aiphatic and aromatic hydrocarbons are used to
confirm the presence of petroleum and for fingerprinting.

D.2.c Injury

Injuriesto physical natura resources are primarily determined by measurement of toxicity or
violation of established standards. Use of established standards is limited because there are very few
standards for specific petroleum hydrocarbon compounds in the various media, and those that do exist
are mainly for pyrogenic hydrocarbon compounds that comprise only small amounts of typicd oils.

Water and Sediment Toxicity M easures. There are two approaches used to characterize the
toxicity of water and sediments:

Direct measurement of the biologica response of atest organism placed in
water or sediment from the discharge site; and

Comparison of the level of the contaminants in the sample, as determined by
chemical analyss, with levels of contamination known to cause adverse effects
(e.g., acute and chronic toxicity testing).

Direct measurement can bein-gtu, for example, transplanting of infauna to contaminated sediments.
Measurement may aso involve the collection of sediments or water for controlled toxicity testsin the
laboratory. In-situ methods can be complicated by the presence of other sources of toxicity not related
to the discharge in the mediabeing tested. Laboratory tests are designed for testing of a specific
contaminant, but may not be redigtic in terms of the level, pathway, and duration of actua exposures.
Standard tests have been published for water and sediment for many different fish and invertebrates
(ASTM, 1992; PSEP, 1991; USEPA, 1985), echinoderm sperm cdll fertilization (Dinndl et al., 1987),
and bacteria (PSEP, 1991). The advantages and disadvantages of toxicity testing are summarized in
Chapter 3.
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D.3 Bidlogical Natural Resour ces - Species Groups
D.3.a Birds
D.3.a.l Senstivity to Oil Impacts

Many field and laboratory studies have demongtrated the differences in the effects of oil on various
groups of birds. The three most important factors affecting senstivity are behavior, distribution, and
reproductive rate. Two indices have been developed to quantify the factors influencing the
vulnerability of each species, the Oil Vulnerability Index of King and Sanger (1979), and the Bird Oil
Index of Wahl et al. (1981). Theseindices and other literature were used to generate the following
relative sengtivity rankings for each group of species, with emphasis on marine birds. Thisinformation
isless relevant for terrestrid species, however the same principles can be used to assess the sensitivity
of birdsto terrestrid conditions. Note that these rankings are genera guidelines. Actua conditions
will likely dictate how birds are affected by a specific incident.

Highly Sensitive Bird Groups

Diving Pelagic Seabirds (Alcids)

Alcids are consdered to be the most vulnerable of al bird groupsto oil. They
form large flocks and spend most of the time floating on cold, offshore waters.

For incidents in their habitats, alcids usually comprise the largest fraction of
birds directly killed by oil.

Large-scale mortdity of eggsis likely because dcids form large breeding
coloniesin open marine settings.

There can be long-term impacts on reproduction because of irregular cyclesin
breeding success, nesting abandonment and mate switching by oiled adults (Fry
et d., 1987), various effects on eggs and chicks ultimately leading to lower
surviva rates, lower prey availability, and socid disruptions at colonies that
affects timing and success of egg-laying (Nysewander et a., 1993).



Waterfowl (Diving ducks, dabbling ducks, brant)

Direct mortality from exposure to floating dicks can be high, especialy during
incidents involving persistent oils and when large numbers of birds are
concentrated in migration and overwintering areas. For most coasta incidents,
diving ducks are at greatest risk because of their preference for nearshore
marine waters. In comparison, dabbling ducks prefer shalow, freshwater
habitats with areduced risk of an incident (RPI, 1988).

Direct mortality of oiled eggs can occur but is less frequent becauise adults and
nests are dispersed during the breeding season.

Oiled but surviving birds often experience behaviora and physiologica
problems that leads to reduced reproduction from abandoned nesting activities
(Hartung, 1965), reduced courtship behavior (Holmeset d., 1978), and
disrupted egg-laying and incubation cycles (Holmes, 1984). These responses
can result from oil ingestion during preening of oiled plumage.

Reproductive failure can aso result from ingestion of oil-contaminated prey,
especidly for those species (e.g., harlequin ducks) that feed primarily on
intertidal invertebrates (Patten, 1993).

Diving Coastal Birds (Pelicans, loons, grebes, cor mor ants, boobies)
Direct mortality from contact with floating dicks can be high because these

birds regularly roost in moderate-sized flocks on nearshore coasta waters and
they dive into the water to feed.

Colonid nesting species (pelicans, cormorants, boobies) are more vulnerable
than non-colonia nesters because they concentrate in breeding colonies.



M oder ately Sensitive Bird Groups

Diving Pelagic Seabirds (Albatrosses, petrels, fulmars, shearwaters, skuas, jaegers)

These birds are extremely reliant on open-water marine habitats for feeding
and roosting, making them susceptible to incidents in these settings. They
scatter over large areas, however, they may congregate in large rafts.

There have been numerous studies documenting many reproductive effects
for seabirds from external oiling and oil ingestion, including colony
abandonment and mate switching (Fry et al., 1987), reduced laying and
incubation of eggs (Fry et al., 1986), egg and chick rejection and desertion
(Butler et al., 1988), and low chick growth rates (Trivelpiece et ., 1984).

Shor ebirds (Sandpipers, plovers, turnstones, phalar opes)

Direct mortality rates are generally low for shorebirds because they spend
very little time in the water. Phalaropes are the exception because they
winter on the open ocean where they behave more like diving pelagic
seabirds.

Sublethal effects from either reduced or contaminated prey are more likely
for shorebirds because they feed in intertidal habitats where oil strands and
persists. For species which form very large migrating flocks, loss of critical
forage areas during migration could cause high mortalities.

Raptors (Bald eagles, osprey, peregrine falcons)

Raptors become oiled primarily via consumption of oiled prey, particularly eagles
and falcons that may take oiled, disabled birds.

Reproductive failures can be caused by oiling of eggs as well as disturbance
from shoreline cleanup operations (Bowman and Schempf, 1993).



L ess Sensitive Bird Groups

Wading Birds (Herons, egrets, rails)

Direct mortality of wading birds is usually low because they wade in shallow,
sheltered waters to feed. However, their plumage can become contaminated by
walking through oiled vegetation.

Indirect effects on reproduction can occur from loss of prey, causing
hatchling starvation, particularly for species unable to shift to alternative
foraging sites (Parsons, 1990; 1991).

Gull and Terns

These species are usually oiled in low proportion to the exposed
populations because they are readily able to avoid oil. Gullsin particular
are highly adaptable, opportunistic feeders, and prolific breeders.

D.3.a.2 Indicators of Exposure

Birds may be directly exposed to oil through oiling of plumage and eggs, ingestion of ail
during preening, ingestion of oiled prey, absorption, and inhalation of oil through the skin or egg.
The following methods can be used to document exposure:

I ndicator of
Exposure

M easur ement M ethods

Direct oiling of
plumage/skin

Visua estimates of number of individuals or percent of flock/study
group by degree of oil coverage on plumage; photographic or video
documentation; sampling of oiled feathersto fingerprint and
characterize oil weathering.

Direct oiling of eggs

Counts of percent of eggs oiled; samples to fingerprint and
characterize oil weathering.

Qil ingestion

Discharged oil in stomach contents and/or feces to document actual
oil ingestion, even months or years post-spill. Oil and/or metabolites
in bird tissues to document the degree and duration of exposure. Oil
in preferred prey items can be used to confirm the source and
estimate duration of oil exposure.

Tissue damage

Post-mortem examination of lung tissue for hemorrhagic lesions from
inhalation of oil vapors, and of other internal organs for lesions from
inhalation of oil vapors.
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D.3.a3 Injury

In addition to the direct pathways of exposure listed above, birds may be indirectly affected by
oil through habitat loss (e.g., vegetation mortality), habitat degradation, and diminished food
populations. Commonly used methods for injury determination are discussed below.

Acute Mortality. Rehabilitation centers keep records on numbers of recovered dead and
surviving birds, by species, sex, and age. These data, corrected for the background number of dead
birds, provide the minimum count of birds affected by the incident. To expand the count, trained
observers can survey shorelinesto conduct carcass counts. Survey methods are provided in Ford et al.
(1987) for marine species and Fite et d. (1988) for terrestrial species. Following these guidelines can
improve the accuracy of these mortdlity estimates. Otherwise, problems such as insufficient or
incomparable data for beach carcasses throughout the study area or over time can increase the
uncertainty in the mortaity estimate. Only persons with a Federal permit are alowed to collect or
conduct experiments on migratory or endangered birds.

Simple extrapolations can be used to estimate total mortality from the carcass counts. There
are dso computer modelsthat use currents, wind, bird distributions, beached bird counts, and other
factors during the incident to estimate total number of dead birds (Ford et d., 1991). High natural
variability in bird distributions, both spatialy and seasonally, makesit difficult to estimate the total and
exposed population actualy present during an incident.

Recovered birds can be examined to determine cause of death and document exposure to the
oil. Methodsinclude collection of samples of oiled plumage and gut contents to fingerprint oil, blood
and tissue analysis for oil resdues, and histological analysis of tissues to determine cause of death and
to rule out other non-incident related causes of death (Leighton, 1995).

Reduced Reproduction. There are many measures of reproductive success that can be used
to assess injury such as number of nests built, clutch size, egg-laying dates, hatching success/growth
rates, and fledgling success. Field studies usualy compare rates for exposed and reference nesting
colonies. This approach works best when there is extensve knowledge of the normd rates or behavior
for the study population or species, such asin Parsons (1990, 1991) where oil-affected colonies were
part of afive-year study on nesting and foraging ecology prior to the incident.

Laboratory studies may be used to document reduced reproduction for the oil type or degree

of weathering (e.g., Stubblefield et d., 1993), particularly when direct observation of reproductive
behavior is not possible (such as oiled waterfowl that digpersed to remote nesting Sites).
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There can be many causes of reduced reproductive success including loss of nesting habitat,
disruption of courtship, incubation, attention, and feeding patterns and socia structures, loss of prey,
and toxicity from oil coating or ingestion of contaminated food. It isimportant to understand the cause
of an observed reduction in reproduction in order to link the incident and the observed effect. Birds
can experience total nesting failure on aregular basis, making it difficult to determine oil-related injury.

Reduced Survival. Subletha impacts associated with exposure to oil or indirect effects can
reduce the overdl survival rates of birds. Banding of oiled birds released after rehabilitation can be
used to document surviva and reproductive rates. Studies of feeding behavior patterns can show
longer time spent feeding or longer distances traveled because of loss of prey and degradation of
foraging habitat (Parsons, 1990).

These studies often include chemical and histopathologica analysis of tissues from exposed
birds, such as PAH levelsin tissues and elevated mixed function oxygenase (MFO) activity in the liver
(Gordine and Holmes, 1982) to document on-going exposures, and liver, kidney, and intestina
necross to document physiological responsesto exposure that could lead to reduced surviva (Fry and
Lowengtine, 1985).

Habitat L oss or Degradation. Because birdsrely heavily on wetlands and aguatic prey,
habitat loss and degradation are extremely important to loca populations. Methodsto quantify habitat
loss or degradation are discussed in section B 4.
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D.3.b Marine Mammals
D.3.b.1 Sengtivity to Oil Impacts

Most marine mammals have specia management status as threatened or endangered species.
A brief summary of their sengtivity to oil by groupsis provided below.

Baleen Whales. These whaes have a series of dongated, bristled structures (baleen) in the
mouth acting asfilters to separate food items (mostly small crustaceans and fish) from seawater.
Laboratory studies have not found any evidence that oil or tarballs sgnificantly foul the feeding
apparatus of baleen whales, and whale skin is nearly impermeable, even to the most volatile ol
fractions (Geraci, 1990). Baeen whales, however, are considered to be the most vulnerable to oil
discharges, based on their generdly low numbers, feeding strategies (skimming the surface and
scouring of the bottom) that increase the risk of oil ingestion, and dependence on specific sites for
feeding and reproduction (Wirsig, 1990).

Toothed Whales and Dolphins. These cetaceans capture individud prey items using toothed
jaws. Mot prey is captured below the water surface so thereislittle risk of direct ingestion of floating
oil during feeding. Most species are highly mobile and wide-ranging, except for belugas and narwhals.
Following the Exxon Valdez incident, fourteen killer whales were lost from a very stable pod from
1989 through 1991. The seven desths that occurred immediately may have resulted from inhaation of
volatile gases or oil ingestion, Six more desths that occurred within one year after the incident may have
resulted from residua effects or consumption of contaminated prey (Dahlheim and Matkin, 1993).
Dolphins can see oil on the surface and can avoid it (Geraci, 1990; Sumiteaand Wirsg, 1992), thus
they are not conddered to be particularly sengtive to oil discharges.

Fur Seals. These sedsrely on dense fur asthe primary means of insulation and
thermoregulation. Fouling of one-third of the body surface resulted in a 50 percent increase in heat
lossin fur seals (Kooyman et d., 1976). Thus, they are susceptible to death by hypothermiaand stress.
Other known effects of ail include ingestion-related mortalities, interference with swimming ability,
lethargic behavior, irritation of the repiratory system from inhaation of fumes, and inflammeation of
mucous membranes (St. Aubin, 1990).

Other Sealsand Sea Lions. These animasrely on athick layer of blubber for insulation.
Pinnipeds other than fur sedls are less threatened by thermal effects of fouling (St. Aubin, 1990).
Y oung animals with fur would be at greatest risk. Direct oiling of animals and their haulouts can cause
mortality, aswell asinterna damage. Frost and Lowry (1993) reported dehilitating lesons in the
brains of harbor seals taken from oiled areas following the Exxon Valdez incident. Conditions that
would lead to the highest mortality include exposure of animals early and close to the discharge, heavy
contamination around haulouts, and sub-populations aready stressed by disease or limiting
environmenta conditions (St. Aubin, 1990).

D-15



Walruses and Polar Bears. Thesetwo very different species are grouped together because
both are associated with pack ice, and little is known about how oil affects them. Walruses are highly
gregarious and form large non-breeding haulouts. They have sparsely distributed hair, so thermal stress
isnot likely to be important (St. Aubin, 1990). In contrast, polar bears occur in low densities as
solitary animals or family groups. However, they must maintain a clean pelt for thermoregulation, and
would likely undergo therma stressif oiled. Polar bears have been shown to ingest oil during
grooming (Stirling, 1990).

Manatees. Littleinformation is available regarding the effects of oil exposure on manatees.
Manatees are consdered able to detect and avoid oil (St. Aubin and Lounsbury, 1990). They tend to
concentrate in shallow water, increasing the risk of direct contact with oil. Their non-selective feeding
habits may alow them to consume floating tarballs dong with their normal foods. If a discharge were
to occur inther preferred habitat during winter, manatees may be forced into colder waters inducing
thermd stress. Displacement during summer months would not be as disturbing (St. Aubin and
Lounsbury, 1990).

Suspected injury to manatees could include irritation to mucous membranes and lungs, dermal
membrane irritation, interference with gastric gland secretions, and loss of intesting flora (Geraci and
St. Aubin, 1980). Increased boat activity during response efforts could also result in manatee injury or
degth.

Sea Otters. Seaotters are highly senstive to oil because they have dense fur for
thermoregulation, groom excessively (ingesting oil); have a metabolism rate so high that they must
consume 23 to 33 percent of their body weight per day, consume benthic organisms that tend to
accumulate petroleum hydrocarbons, form large concentrations in coasta areas, with high ste fiddlity,
and spend much time in kelp beds that tend to trap and hold oil (Ralls and Siniff, 1990).

D.3.b.2 Indicatorsof Exposure
Marine mammals may be directly affected by uptake of oil viathe water surface, while

grooming and from ingestion of food. Indicators of exposure and measurement methods are listed
below:
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I ndicator of
Exposure

M easur ement M ethods

Direct oiling of
skin/fur

Visual estimates of number of individuals or percent of study group by
degree of oil coverage on body surface; photographic or video
documentation. Sampling of oiled materials to fingerprint and
characterize oil weathering.

Oiling of habitat Maps of oil distribution on the water surface and in preferred habitats
using standardized methods and descriptors (Owens and Sergy, 1994).
Sampling of oiled materials to fingerprint and characterize oil
weathering.

Oil ingestion Discharged oil in stomach contents and/or feces to document actual oil

ingestion. Oil in tissues to document the degree and duration of
exposure. Visual observations of animals consuming oiled prey.

Tissue damage

Post-mortem examination of lung tissue for hemorrhagic lesions from
inhalation of oil vapors and of other internal organs for lesions from
inhalation of oil vapors.

Increased mixed
function oxygenase
(MFO) activity

Tissue samples collected from fresh specimens and analyzed for hepatic
cytochrome P4501A (Payne et a., 1986). Marine mammals appear to
have the liver enzymes needed to metabolize and excrete petroleum
hydrocarbons. Although there is no systematic dose-response
relationship, laboratory and field studies have found an increase in MFO
following oil exposure (Geraci and St. Aubin, 1990).

D.3.b.3 Injury

In addition to direct effects from contact with discharged oil, marine mammals may be
indirectly affected by oil through habitat degradation (particularly contaminated haulout areas) and
diminished prey populations. Injury determination methods for marine mammals are summarized
below. Only alimited number of laboratory studies on a very small number of individuas have been
conducted to confirm cause and effects of petroleum exposures. Many sublethd injuries have been
suspected based on knowledge of life history and ecology of marine mammals. The size and behavior
of most marine mammals precludes capture-based study methods, thus most studies have to be
conducted using visua observation and census techniques.
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Mortality. Mortality investigations are conducted by aerial, boat, and foot surveysto identify
and count dead organisms, usualy shortly after the discharge. Because of their large size, most
stranded marine mammals (except sea otters) are readily Sghted, so mortality estimates may be lower
due to carcasses Snking. Only persons with a Federal permit are allowed to conduct work on marine
mammals, thus al sghtings should be reported to the Marine Mammal Stranding Network. Trained
mammalogists can collect the necessary data, photographs, and samples for necropsy to confirm cause
of death and chemical samplesfor fingerprinting. Early reporting of carcassesis very important
because tissues break down rapidly.

A second approach isto compare post-discharge counts with pre-discharge data, using the
same or Smilar survey methods to increase the vaidity of the comparisons. High seasond variations
and incomplete pre-discharge coverage for the affected area/populations can be serious limitations.
This approach is best used for stable, well-studied populations.

A third approach isto develop computer models to smulate oil movement, the distribution and
abundance of animals, and the likelihood of intersection between the two. Such an intersection model
was developed to estimate sea otter mortality following the Exxon Valdez incident (Bodkin and
Udevitz, 1993).

Reduced Reproduction. Reproductive impacts are determined by monitoring for the number
and surviva of young. Marine mammals nurture their young for periods ranging from one month to
two years, thusit is possible to observe and count parents and young over time to determine surviva
rates. Photo-identification techniques have been used to identify and track individua whaesin stable
pods according to their unique markings (Bigg et d., 1986). However, there is often alack of basdine
data on life higtory (birth rates, survival rates for juveniles and adults, etc.) for many species and sub-
populations.

Reduced Survival. Sublethal effects of exposure can eventually lead to reduced survival.
Behaviord effects (e.g., lethargy, reduction in feeding effort, increased vulnerakility to predation) can
be noted during observations of oiled and unoiled populations, so that oil-related responses can be
differentiated from normal behavior. Reduced growth rates can be measured, but sample sizesare
usudly small, making data interpretation more difficult.
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D.3.c Freshwater and Terrestrial Mammals
D.3.c.1 Senditivity to Oil Impacts

Freshwater mammals at risk from oil-related injuries include river otter, beaver, mink, nutria,
and muskrat. Like seaotters, these animals spend much of the timein water, have high site fiddlity,
and rely on fur to maintain thermoregulation. They are highly susceptible to direct mortality.
Terregtrial mammals of concern include species associated with water bodies and riparian habitats, such
as bear, panther, moose, fox, deer, and raccoon. These species are likely to be affected by the
consumption of oiled food items as well as by direct contact and habitat degradation.

Little is known about the impacts of oil on freshwater and terrestril mammals. Acute effects
from contamination of fur and ingestion of oil during preening and chronic effects from ingestion of
contaminated food are mogt likely. In oiled/reference area comparisons of river otters in Exxon Valdez
studies, researchers found aless diverse diet, lower body mass, larger home ranges, avoidance of
preferred habitat, and abnormal blood characteristics in animals from oiled areas one year after the
incident (Bowyer et d., 1993). Effortswere made to determine differencesin populations for
oiled/control study areas, but the confidence limits for the population estimates overlapped for most
surveys. A laboratory study to determine the influence of hydrocarbons on reproduction in ranched
mink was planned, but never conducted. Thus, there are little data on whether subletha doses of ail
will influence reproduction in terrestri mammals.

Feld studies also were conducted to determine effects of the Exxon Valdez incident on Sitka
black-tailed deer, which concentrate on beaches during late winter and early spring to forage on
intertidal marine vegetation. Study plans included comparisons of the number of dead deer on oiled
versus reference idands and the hydrocarbon levels in tissues and rumen contents, however, the study
results have not been published.

D.3.c.2 Indicatorsof Exposure
Freshwater and terrestrial mammals may be directly affected by contact with oil on the water

surface and oiled vegetation while grooming and from contaminated food. Indicators of exposure and
measurement methods are listed below:

D-21



Indicator of M easurement M ethods
Exposure

Direct oiling of fur Visud estimates of number of individuals or percent of sudy group by
degree of oil coverage on body surface; photographic or video
documentation; sampling of oiled fur to fingerprint and characterize oil
weathering.

Qiling of habitat Maps of the digtribution of oil on the water surface and in preferred habitats
using standardized methods and descriptors (Owens and Sergy, 1994);
sampling of oiled materialsto fingerprint and characterize oil weathering.

Qil ingestion Discharged ail in ssomach contents and/or fecesto document actud oil
ingetion. Qil intissuesto document the degree and duration of exposure.

Tissue damage Post-mortem examination of lung tissue for hemorrhagic lesions from
inhaation of oil vapors, and of other internal organs for lesons from
inhaation of oil vapors.

D.3.c.3 Injury

In addition to direct effects from contact with or ingestion of discharged oil, freshwater
and terrestrial mammals may be indirectly affected by oil through habitat degradation and
diminished food availability. Injury determination methods are summarized below.

Mortality. Surveys of the affected areas to count the number of animals killed (body
count) by the incident typically include systematic methods using transects or quadrats to
count/collect dead or oiled animals (Anderson et al., 1976). The total number of animals killed
are extrapolated from the sampled data, using actual mortality rates for the known survey area
modified with correction factors to account for differences between the surveyed area and the
entire impact zone. Small mammals, such as oiled beach mice, are likely to be quickly scavenged
by predators or return to their burrows thereby avoiding discovery by survey teams. Thus, these
counts may underestimate the actual number of animals killed. However, field surveys are
important in documenting that exposure and mortality have occurred to each species of concern.

If there are other likely causes of mortality for the species of concern, it may be important
to determine the cause of death in a representative number of animals. Other possible causes
could include a large winter kill or high incidence of disease. Dead animals from the oiled area
can be collected for necropsy and histopathological analysis for comparison with animals collected
from outside the oiled aress.
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For species with very limited populations, it may be possible to estimate changesin
population based on the estimated mortality. Otherwise, studies of population densities between
oiled and control areas may be used. The actua field methods for detecting population density
changes would be selected based on the behavioral characteristics of each species and availability
of historical population distribution data. Measurement of significant differences between
impacted and reference sub-populations, particularly for larger animals with low densities and
long lifetimes, is extremely difficult, although there are standard methods in use for data collection
and analysis (e.g., Davis and Winstead, 1980; Seber, 1982; Shirley et a., 1988; Chao, 1989;
Pollock et al., 1989).

Reduced Reproduction. For most incidents, it may be difficult to directly measure
reproductive success in wild populations of small mammals. There is a general lack of baseline
data on life history (birth rates, survival rates for juveniles and adults, etc.) for many species and
sub-populations. Reproductive injury can be assessed by investigation of the reproductive
potential through study of physiological effects on the reproductive organs. Such studies could
include comparisons of the histology of the gonads of males and females in the oiled and control
populations; or the size, development, and contents of the uterus of mature females can be used to
determine if gonadal failure is evident.

Alternatively, it may be preferable to conduct laboratory studies to assess the influence of
oil on reproduction. If sublethal effects on reproduction are thought to be significant for a
species, laboratory experiments may be used to demonstrate a direct cause and effect relationship
between exposure and changes in reproduction, in support of field observations of such changes.
Otherwise, because of the limited data on the effects of oil on reproductive performance in
freshwater and terrestrial mammals, it may be difficult to prove that the oil exposure was the
cause of the observed changes. In developing laboratory experiments, it isimportant to ensure
that the oil used in the experiments is the same product that was discharged and has weathered to
the same degree as the oil to which wild animals have been exposed.

Reduced Survival. Subletha impacts associated with exposure to oil or indirect effects can
reduce the overdl survival rates of exposed animals and/or populations. Tagging of oiled animals
released after rehabilitation can be used to document surviva and reproductive rates of oiled/cleaned
individuals, usudly the smaller species such asriver otters or beaver. Inthefield, behavioral effects
(e.g., lethargy, reduction in feeding effort, increased vulnerability to predation) are recorded during
observations of oiled and unoiled populations, so that oil-related effects can be quantified. Reduced
growth rates or body mass can be measured, but usualy sample sizes are smal, making data
interpretation more difficult.
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Indirect effects can be caused by reductions in available food or having to shift to less-
productive habitats. Studies of food habits, movements, and habitat selection can show longer time
spent feeding or longer distances traveled because of degradation of foraging habitat. Study of feces
can document differencesin the diet in oiled versus unoiled areas, supporting other observations of
reduced viability.

These studies can include chemical and histopathological anaysis of tissues from exposed
animals to document on-going exposures, and liver, kidney, and intestina necrosisto document injury.
Bowyer et d. (1993) monitored specific blood parametersin oiled and unoiled populations of river
otters, using the results to indicate exposure and some degree of physiologica injury. These
measurements support the weight of evidence by documenting pathways, exposures, and biologica
responses that can be used to estimate a reduction in the overall viability of the exposed population.

Habitat Degradation. There are various biological indicators of habitat degradation
appropriate to assessment of injuries to freshwater and terrestrial mammals. Two possible
indicators include changes in food habits and habitat use. Changes in food habits can result from
both contamination or localized reductions in preferred food items. Food habits can be described
from prey remains in feces or examination of the stomach contents of collected animals.
Habitat-use studies are more complex, consisting of descriptions of activity patterns (e.g., percent
time spent foraging and resting), distances traveled to foraging areas or home range size, and
other factors appropriate to the species. Methods to assess these indicators include time and
area-constrained observations during which records of the percent time spent on various activities
are recorded.
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D.3.d Reptilesand Amphibians
D.3.d.1 Sensitivity to Oil Impacts

Reptiles and amphibians are a complex group of organisms, with highly diverse life
histories, physiologies, survival strategies, and habitat requirements. The species at greatest risk
from an incident are those associated with open marine, estuarine, and riverine habitats such as
seaturtles, crocodiles, and alligators. Other wetland-associated species are at moderate risk and
terrestrial species are at lowest risk. There are many threatened and endangered species of
reptiles and amphibians in freshwater habitats that could be at risk from an incident in these areas.

Because of their diversity, it is not possible to predict the relative sensitivity among species
groups. There are little data on effects of petroleum hydrocarbons on reptiles and amphibians,
with the exception of seaturtles. Hall and Henry (1992) found that it was not possible to
extrapolate study results from other vertebrate classes (mostly fish) for even general conclusions
on the relative toxicity of chemicals. Because of these limitations, most assessment studies of oll
impacts to reptiles and amphibians have focused on counting the number of dead animals.

The effects of oil are best known for sea turtles, because of their status as threatened/
endangered and because of their higher risk of exposure from marine incidents. The direct and
indirect effects of oil on seaturtles can be divided into three general categories based on the life
stage and habitat affected by the oil:

Direct effects on eggs and hatchlings on nesting beaches;
Direct effects on hatchlings, juvenile, and adult turtles at sea; and

Indirect effects resulting from impacts to turtle habitats both in the water and on
the beach.
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Direct Effects on Eggs and Hatchlings by Stranded Oil. Various researchers have
studied the physiological and behavioral effects of oil on each life stage in laboratory experiments
(Fritts and McGehee, 1982; Vargo et al., 1986; Lutz et a., 1986). The mgor conclusions on the
effects of oil on eggs and hatchlings from these studies are summarized below.

The number of unhatched eggs in a nest was much higher when fresh crude
oil was on the surface of the sand during the last half or quarter of
incubation, due to displacement of oxygen by the lighter oil fractions when
the rate of oxygen consumption in the nest is at its peak.

Weathered crude oil was less toxic to turtle eggs than fresh crude oil.

Hatchling morphology was affected by the amount and time of oiling.

Studies by Mahaney (1994) on frogs found no effect of crankcase oil on hatching success,
but no successful metamorphosis of highly exposed tadpoles.

Direct Effects of Oil on Juvenile/Adult Turtlesat Sea. Juvenile and adult turtles are
likely to contact oil dicks during the early stages of an incident and tarballs as the oil weathers.
From laboratory studies on the physiological effects of oil on subadult loggerhead turtles (Lutz et
al., 1986; Bossart et al., 1993), the direct effects of oil exposure include coating of sensory
organs, reddening and sloughing off of the skin, dysfunction of the salt gland, uptake of oil in the
gastrointestinal system, and disturbed diving and respiration patterns. Although there have been
many incidents in areas populated by turtles, it is unusual to have large numbers of turtles directly
affected by an incident of oil. Reports of adverse effects of oil on adult and juvenile turtles are
mostly anecdotal and poorly documented as to the cause of death (Rytzler and Sterrer, 1970;
Delikat, 1980; Hooper, 1981; Gitschlag, 1992). It isdifficult to document the number of turtles
affected by an incident and it is likely that many of the affected turtles may never be seen by
rescue workers. High-risk areas include migratory routes, foraging areas, and areas offshore of
heavily utilized nesting beaches.

The effects of pelagic tar on sea turtles have been well documented (Witham, 1978, 1983;
Vargo et a., 1986; Van Vleet and Pauly, 1987; Gramentz, 1988). Turtlesfeed on objects floating
at the water surface, therefore they are susceptible to ingestion of tar balls, which can block the
oral cavity and digestive tract. Floating tar can coat the flippers, the mouth can become coated as
the turtle attemptsto clean its flippers. Large quantities of tar have been known to immobilize
smaller turtles. Southeastern Florida has high concentrations of pelagic tar and Van Vleet and
Pauly (1987) concluded that tarballs from tanker incidents were having a significant effect on
turtle populations.
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Indirect Effects as a Result of Impactsto Habitats. Degradation of nesting, foraging,
resting, or critical habitats may have long-term effects on reptile and amphibian populations.
These concerns are important in developed areas where these critical habitats are subject to many
other sources of contamination, particularly for threatened and endangered species.

D.3.d.2 Indicators of Exposure

Reptiles and amphibians may be directly affected by oil through oiling of skin and eggs,
ingestion of oil and oiled food, and inhalation of oil fumes. Indicators of exposure and
measurement methods are listed below:

I ndicator of
Exposure

M easur ement M ethods

Direct oiling of skin
and eggs

Visual estimates of number of individuals or percent of study
population by degree of oil coverage on skin; photographic or
video documentation; counts of percent of eggs oiled; samples of
oiled eggs or oil from dead animals to fingerprint and characterize
oil weathering.

Extent and degree of
oil contamination of
habitats

Aeria and ground surveys to make systematic, visual estimates of
the areal extent and degree of oil of habitats using standardized
methods and terminology (Owens and Sergy, 1994); photographic
or video documentation of visual observations, sampling of oiled
water and sediments to fingerprint the oil and characterize oil
weathering.

Oil ingestion

Discharged oil around mouth parts, in stomach contents and/or
feces to document actual oil ingestion. Qil in tissues to document
the degree and duration of exposure. Oil in preferred food items to
confirm the source, degree, and duration of oil ingestion.

Tissue damage

Post-mortem examination of lung tissue for hemorrhagic lesions
from inhalation of oil vapors and of other internal organs for
lesions from inhalation of oil vapors.
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D.3.d.3 Injury

Reptiles and amphibians may be indirectly affected by oil through habitat loss (e.g., vegetation
mortality), habitat degradation, and diminished prey populations. Injury determination methods for
reptiles and amphibians are summarized below. Methods for assessment of seaturtles are better
established than methods for other species. Survey methods for counting the number of dead animals
on land and in wetlands would be similar to those listed for freshwater and terrestria mammals (See
B.3.3). Littleisknown about the effects of oil on most species of reptiles and amphibians; therefore,
research would be needed to document the link between exposure and sublethd injuries.

Mortality. Surveys can be conducted to document dead or moribund animals on land and in
thewater. All oiled turtles should be reported to the Marine Mammal Stranding Network, which
include sea turtles found dead in the water or onshore or dive but in aweakened condition. Under
Federd law, only permitted individuas are dlowed to handle sea turtles or other endangered and
threatened animals.

Quantification of the number of oiled turtles at seais more difficult. 1t islikely that oiled
animas will be difficult to observe from aircraft. Asdemonstrated during at-sea capture efforts for
turtles a the Mega Borg incident in the Gulf of Mexico, it is very difficult to capture hedthy adult
turtles a sea (Gitschlag, 1992). Therefore, only serioudy injured or trapped turtles are likely to be
captured.

It may be important to determine the cause of death through hisopathologica analysis (Van
Vleet et d., 1986) dthough this can difficult in old specimens.

Reduced Reproduction. Except for seaturtles, thereislittle information on the likely effects
of oil exposure on reproductive potential of reptiles and amphibians.  Site-specific studies of exposed
populations would be needed to document reproductive effects on these animals. The high genetic
variahility in amphibians needs to be considered in any study design.

For seaturtles, monitoring of oiled and reference nests can be conducted to compare hatching
SUICCESS, emergence sUCCess, etc. with degree and nature of oil contamination. If al nests cannot be
monitored, a sratified-random sampling strategy can be used to select nests for monitoring. Maps of
oiled nesting beaches and nest counts can be used to extrapolate the total impact on nesting success.
Selected samples of addled eggs and dead hatchlings can be examined to determine cause of mortdity.
Lights used for night cleanup activities could cause disorientation and reduced surviva of hatchlings.
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Reduced Survival. Subletha impacts resulting from exposure to oil or indirect effects could
reduce the overall survival rates of exposed animals, but there are few existing sudiesthat predict these
effects. Documentation of reduced surviva might have to be accomplished through detailed studies of
exposed populations, even for seaturtles.

Habitat Degradation. When incidents have occurred in habitats known to be highly utilized
by the species of concern for foraging or resting, studies can be conducted to determine the extent and
degree of habitat degradation. Conditions when such impacts might occur include heavy oil that
eventudly sinks, contaminating benthic habitats, light, refined productsthat result in mortality to
preferred food items that are sengtive to ail or high-wave energy conditions that naturaly disperse a
light crude oil or refined product in shalow waters, causng mortality and oil accumulation in benthic
invertebrates and sediment contamination. Oil resdues and cleanup activities can degrade important
habitats for threatened and endangered reptiles and amphibians, particularly in wetlands.
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D.3.e Fish
D.3.el Sengtivity to Oil Impacts

The probability of adverse changesto fish from oil isinfluenced by the inherent sensitivity and
susceptibility of each species, duration of exposure, and temperature. Sengtivity and susceptibility are
functions of life history stage and habitat preference, behavior, diet, and other factors. Each life sage
has characteristics that directly control the likelihood and degree of impact from an incident (RPI,
1987) as summarized below.

The sensitivity of fish eggsis high, but lower than the larval stage due to the presence of
protective membranes that may reduce exposure of the developing embryo to oil. Susceptibility of
eggsis highly variable. Benthic eggs released in deep water are unlikely to be exposed to floating ol
during an incident. Benthic eggs released in shallow waters are vulnerable to exposure to light oils
having a sgnificant water-soluble fraction, non-floating oils, and dispersed oil. Benthic eggs spawned
onintertida or very shallow subtidal substrates are highly vulnerable to direct mortality from contact
with floating dicks, the water-accommodated oil fraction, and contaminated sediments.

Thelarva stages of most marine fish are planktonic, their large-scae movements are controlled
by water currents. Within the first few days or weeks, planktonic larvae start feeding on phytoplankton
and zooplankton, which are concentrated in the upper water column. Larval life stages are the most
sengtive to acutely toxic effects of oil because of their preference for the upper water column and
shallow, estuarine habitats.

Adult fish are considered to be the least sensitive life stage to oil impacts because they are
highly motile and better able to detect and avoid discharges, have fully developed dermd protection,
and have a metabolic capability to degrade oil. Acute toxicity ismost likely to occur when light,
refined products are spilled in shdlow, confined waterbodies or in creeks and small rivers where the
entire waterbody can be contaminated (Vandermeulen, 1987). Territoria fish also are highly
susceptible. At the Morris J. Berman incident in Puerto Rico, for example, the heavy oil sank in
nearshore lagoons and territorid fish in the lagoons experienced high mortality and subletha effects
(Vicente, 1994). Chronic impacts are of grester concern for speciesthat use shallow, nearshore
habitats because these habitats are most likely to be contaminated by oil. After chronic exposure to
oiled sediments, benthic fish have been shown to exhibit reduced feeding, growth, and reproduction, as
well as higopathologica changes (Haendy et d., 1982; McCain et d., 1978; Collier et d., 1993).
There could be long-term, subletha injuries where subtida sedimentsin nursery areas have been
contaminated. Historicaly, extengve subtidal sediment contamination with measurable fishery injuries
have been documented for very few incidents, with the Amoco Cadiz, Exxon Valdez, and Braer as
notable exceptions.
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Recent laboratory research on the toxicity of the degradation by-products of petroleum
hydrocarbons has shown that these by-products have high acute toxicities to fish and that the toxicity is
increased when microbes and nutrients are used to speed degradation (Doug Middaugh, USEPA, pers.
comm.). Studies by Burns (1993) of bivalve tissue from beaches heavily oiled by the Exxon Valdez
incident showed that a complex assemblage of intermediate hydrocarbon oxidation by-products were
bicavailable for uptake in marine organisms severa years post-spill. Thus, oxidation by-products may
be an additional source of chronic exposure and effects on fish populations.

D.3.e.2 Indicatorsof Exposure

Direct measurement of petroleum hydrocarbonsin fish tissue may not aways be an appropriate
indicator of exposure because of the high rate of metabolism of petroleum by most fish species
(Varanas et d., 1989). Methods have been developed, however, to detect exposure by measurements
of petroleum metabolites, which are rapidly excreted through the bile, or by measuring increasesin
mixed function oxygenase (MFO) enzymes. The presence of fluorescent aromatic carbon (FAC) inthe
bile, for example, is evidence of arelatively recent exposureto oil. Although thereis no systematic
dose-response relationship, there are many laboratory and field studies showing an increase in MFO
activity following oil exposure (Collier et d., 1993). Petroleum metabolitesin bile, however, cannot be
used to identify the source of the oil exposure. Indications of exposure are listed below:

Indicator of M easur ement M ethods

Exposure

Petroleum Bile collected from freshly caught fish to measure the fluorescent

hydrocarbon aromatic carbon (FAC) content by fluorescence spectroscopy

metabolitesin bile (Krahn et al., 1992).

Increased MFO Tissue samples collected from live fish and analyzed for hepatic

activity cytochrome P450 (Payne et a., 1986).

Tissue damage Fish (moribund or from affected habitats) preserved for histological
examination (Meyer and Barclay, 1990; Huggett et a., 1992).

D.3.e3 Injury

Fish may be directly affected by uptake of ail viawater, contaminated sediments, and food.
They may be indirectly affected by oil through habitat loss (e.g., dieback of seagrass bedsin nursery
areas), habitat degradation, and diminished prey populations. Injury assessment methods for fish are
summarized below.
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Mortality. Fsh-kill surveys estimate the number of adult fish killed immediately after an
incident. Although the American Fisheries Society (AFS, 1992) and U.S. Fish and Wildlife
ServicelUSFWS (Meyer and Barclay, 1990) have recently updated their publications on fish-kill
methods, these gpproaches often greatly underestimate the tota injuries from an incident because they
only estimate the number of dead adult fish. Fish-kill investigations are more appropriate in streams
and small rivers where the entire water surface along the sampling transect can be surveyed and the
dead fish tend to accumulate within a reasonable distance from their origind habitat. The method can
be augmented with snorkeling surveysto detect and count dead fish that sink.

Reduced Abundance and Diversity. Changesin the number of fish or species resulting from
an incident can be measured by comparing pre- and post-incident abundances at the same Sites, or
paired oiled and unoiled sites where pre-incident data are not available and the paired Stes are
comparable (Hilborn, 1993). The value of pre- versus post-incident surveys in quantifying oil-related
injuriesto fish will depend on natura variability in the measured parameters, rdiability of the data-
collection methods, and degree of injury caused by the incident. For many species, the year-to-year
variability is so large that only severe impacts could be measured at statistically sgnificant levels. Prior
to developing study plans for quantification of population-level injuries using this method, the degree of
change that would have to occur from pre- to post-incident in order to be Satistically different should
be estimated and the reasonableness of that level of change should be evaluated. Also, recent naturd
events (e.g., cold weather, droughts, hurricanes) should be evaluated with respect to their potential for
confounding changes for a particular incident.

Oiled versus unoiled comparisons have smilar limitations, with the added difficulty of finding
truly representative reference stes. Sampling plans should include analyses of the likely variability in
the data and the number of replicates needed to increase the satistical power of the comparisonsto a
level needed to detect a minimum change.

Abundances can be measured using standard fisheries survey techniques, including diver counts
along transects, trawls and tows, counting of anadromous fish at weirsin streams, and tagging and
marking of fish. Rapid bioassessment techniques such as those USEPA developed for rapid fish
surveysin sreams and rivers (Plafkin et ., 1989) are useful as quick screening tools to determine if
thereis aneed for more detailed, quantitative surveys.



Where population-level changes are difficult to measure directly, a biologicd-effects model in
conjunction with a population model can be used. Biological effects are derived from exposure levels
estimated from aphyscal fates or water quaity mode for the incident conditions and toxicity test data
(either from the literature or using local communities and the discharged material). Exposure
concentrations and conditions are used to calculate mortality rates and sublethal effects. These effects
are then applied to data on species abundance and structure to quantify impacts. The DOI Type A
modes (NRDAM/CME and NRDAM/GLE) uses this gpproach to caculate the mortality and lost
weight of both adult and larva fish resulting from exposure to toxic fractions of the oil during a
discharge, aswdll as reduced recruitment and lost productivity (French and Reed, 1993).

Reduced Reproduction. Study methods to measure reduced reproduction under both
laboratory and field conditions include reduced egg viability and hatchability (Rice et d., 1983;
McGurk and Biggs, 1993) and larva maformations (Hose et a., 1993).

Reduced Survival. Subletha impacts associated with exposure to oil or indirect effects can
reduce the overdl survival rates of fish. A wide range of behaviord responsesto oil exposure have
been investigated in laboratory studies, including avoidance/preference (Rice, 1985), reduced
locomotor activity and predator avoidance (Berge et a., 1983), changes in feeding activity (Williams
and Kiceniuk, 1987), disruption of chemoreception and homing signals (Nakatani and Neviss, 1991),
and reduced growth and altered respiration rates (Rice et d., 1983). Histopathologica andyss of
tissues (Huggett et a., 1992) from exposed fish can be used to document physiologica responsesto
exposure that could lead to reduced survivd, including fin rot, lesons on the liver, kidney, spleen, gills,
and olfactory nares, and tumors. These measurements support aweight of evidence approach by
documenting pathways, exposures, and biologica responses that can be used to estimate areduction in
the overall viahility of the exposed population.

Fish Tainting. Although fish usudly metabolize petroleum hydrocarbons, tissue
concentrations can reach levels where consumption poses a hedth risk or tainting affects taste and/or
smell. Although there are no food safety standards specifying a maximum contaminant level for oil or
petroleum hydrocarbons in seafood, guidelines followed in the past state that if the seafood tastes or
smelsaily, it isnot safeto eat. Tainting is as much a perception problem asared risk. Fear of tainting
can result in aloss of anatura resource service as serious as actud tainting.
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D.3.f Shelfish
D.3f.1 Sengtivity to Oil Impacts

Shdllfish are grouped into crustaceans (e.g., shrimp, lobster, and crab), molluscs (e.g., abaone,
oyster, clam, mussd, scalop, gastropod, and chiton), and cephalopods (e.g., squid and octopus).
There have been numerous studies on the toxicity, uptake, and depuration of petroleum hydrocarbons
for shellfish (compiled in Scott et al., 1984). The effects of exposure to oil are influenced by the
inherent sengtivity and susceptibility of the species and are afunction of their life-history stage, habitat
preference, behavior, and diet. Each stage has characteritics that directly control the likelihood and
degree of impact during an incident (RPI, 1989).

In generd, life stage sengitivity to oil impacts decreases from the egg to the adult life stages
(Scott et d., 1984). However, life cycle circumstances make larvae more likely (i.e., more vulnerable)
than eggsto beinjured by oil. For many shellfish species, the eggs are either benthic or nektonic,
reducing their vulnerahility to floating dicks. There are notable exceptions, such as white shrimp that
can spawn in shallow water and near the surface. However, the larvae of most species are found near
the water surface in shdlow, estuarine water bodies, making them highly vulnerable to ail. Juveniles
and adults occupy smilar habitats and have smilar vulnerabilities to oil.

Bivave molluscs and shrimp lack the ability to metabolize petroleum hydrocarbons, thus they
readily accumulate these compoundsin their tissues. Once the source of exposure is removed,
however, depuration can occur within afew daysto months. For example, following dispersion of No.
6 fud ail in shalow, nearshore waters, oysters attached to rocky substrate in 4-6 m water depth were
sampled one and four weeks post-incident, and targeted PAHs dropped by 94-98 percent over the
three-week period (Michel and Henry, 1994). Bioaccumulation isinfluenced by the lipid content of the
organism, which can change according to its reproductive status. Contaminated molluscs can provide
apathway for exposure of other natura resources that feed heavily on them.

Observations of discharges of heavy oil have shown that crabs can be directly exposed when
the oil anks. Their mouth parts typically become heavily oiled from feeding on tarballs. Laboratory
studies have shown that hydrocarbon uptake with food by crabs does not accumulate but is eiminated
inthefeces(Lee et d., 1976).
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D.3.f.2 Indicatorsof Exposure

Because shellfish arefilter feeders or grazers and generaly do not metabolize petroleum
hydrocarbons, measurement of body burdensis very appropriate for documentation of oil exposure.

Indicator of M easur ement M ethods

Exposure

Direct oiling of Visual observations of oil on beds or individual animals;
externa parts photographic or video documentation; oil samples for

fingerprinting.

Petroleum Analysis of tissues from live organisms for petroleum hydrocarbon
hydrocarbons in tissue | content and fingerprinting the oil to identify its source.

Tissue damage Specimens from affected habitats preserved for histological
examination (Huggett et al., 1992).

D.3£.3 Injury

The physiologicd indicators of stress in shdlfish, especialy molluscs, have been well documented
(Scott et d., 1984). Subletha effects of oil exposure include depressed feeding, changes in respiration
rates (both decreases and increases), reduced growth, decreased gonadd condition, tissue necrosis, and
behaviora changes such as decreased burrowing and dower tactile response (Scott et d., 1984).

Injury assessment methods for shellfish are summarized below.

Mortality. Shellfish may be directly and acutely killed by coming into contact with toxic levels
of ail inthe water column or being smothered by oil stranded on intertidal shellfish beds.
Quantification of the number of individuals or percent of a specific population killed is accomplished in
avariety of gpproaches, depending upon the species type, habitat, and life stage affected.
Concentrations of juvenile and adult animalsin the water column are usualy too patchy for trawling to
be of value. Quarntification of impactsto planktonic life ages are often difficult to detect, but
plankton tows can be used to observe whether post-larvae are generaly norma or moribund. Pots can
be used for benthic species (lobsters, crabs, large shrimp) to detect differences in abundancein
comparable oiled and unoiled areas. Viahility of eggs on gravid females can be measured on captured
animals.

Where affected animals are stranded onshore (e.g., the North Cape oil spill in Rhode Idand
where large numbers of moribund lobsters and surf clams were washed ashore), systematic counts of
the number of stranded animals using quadrats and/or transacts can provide the basis for caculating the
minimum mortality.
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For infaunal species such as clams and scalops, changesin density and abundance can be
estimated from sediment cores, though large numbers of cores may be needed to provide statisticaly
sgnificant results. Mortality to epifauna species, such as oysters and mussels, can be assessed through
direct count, using quadrats or transacts.

Reduced Abundance and Diversity. Changesin the number of species resulting from an
incident can be measured by comparing pre- and post-incident abundance at the same sites, or paired
oiled and unoiled steswhere pre-incident data are not available and the paired sites are comparable
(Hilborn, 1993). Abundance is measured using standard shellfish survey techniques such astrawls and
tows for shrimp, capture in pots for crabs and lobsters, benthic cores for clams and scallops, and
surface quadrat/transect counts for abalone, oysters, mussals, gastropods, and chitons.

Where population-level changes are difficult to measure directly, a biologica-effects model in
conjunction with a population model may be used. Biologicd effects are derived from exposures
estimated from aphyscal fates or water quality mode for the incident conditions and toxicity test data
(either from the literature or using local communities and the discharged material). Exposure
concentrations and conditions are used to calculate mortality rates and sublethal effects. These effects
are then applied to data on species abundance and structure to quantify impacts. The DOI Type A
modd uses this approach to calculate the mortality and lost weight for shellfish resulting from exposure
to toxic fractions of the oil, as well as reduced recruitment and lost productivity (French and Reed,
1993).

Reduced Reproduction. Study methods to measure reduced reproduction under both laboratory
and field conditions include reduced egg viahility and hatchahility (Rice et al., 1983), reduced spawn
settlement rates, and changes in spawning patterns (Houghton et d., 1992).

Shellfish Tainting. Because many types of shdlfish bioaccumulate petroleum hydrocarbons,
tissue contaminations can reach levels where consumption poses a hedlth risk or tainting affectstaste
and/or smell. Although there are no food safety standards specifying a maximum contaminant level for
oil or petroleum hydrocarbons in seafood, guiddines followed in the past sate that if the seafood tastes
or smellsaily, it isnot safeto eat. Tainting is as much a perception problem asared risk. Fear of
tainting can result in loss of natura resource services as serious as actud tainting.

D.3.f.4 References
French, D.P., and M. Reed. 1993. "Natural Resource Damage Assessment Models for Great Lakes,

Coadgtd, and Marine Environments," Proceedings of the 1993 Internationa Oil Spill
Conference. American Petroleum Ingtitute, Publ. No. 4580, Washington, DC, pp. 847-848.

D-40



Hilborn, R. 1993. "Detecting Population Impacts from Oil Spills: A Comparison of Methodologies,”
Abstract Book, Exxon Valdez Oil Symposum. The Oil Spill Public Information Center,
Anchorage, Alaska, pp. 231-232.

Houghton, JP., D.C. Lees, H. Teas|lII, H.L. Cumberland, P.M. Harper, T.A. Ebert, and W.B.
Driskell. 1992. Evauation of the 1991 Condition of Prince William Sound L ittoral Biota
Following the Exxon Valdez Oil Spill and Subsequent Shoreline Treatment. Rept. to Nationa
Oceanic and Atmospheric Admin., Sesattle, Washington, by Pentec Environmentd, Inc.,
Edmonds, Washington.

Krahn, M.M., G.M. Ylitao, J. Buztis, S. Chan, and U. Varanas. 1993. "Rapid High-performance
Liquid Chromatographic Methods that Screen for Aromatic Compounds in Environmental
Samples” J. Chromeatography. Vol. 642, pp. 15-32.

Lee, R.F., C. Ryan, and M.L. Neuhauser. 1976. "Fate of Petroleum Hydrocarbons Taken Up from
Food and Water by the Blue Crab, Callinectes sapidus" Marine Biology. Vol. 37, pp. 363-
370.

Michdl, J., and C.B. Henry. 1994. Qil Uptake and Depuration in Oysters After Use of Dispersantsin
Shallow Water During the RASA Refinery, El Salvador Oil Spill. NOAA HAZMAT Report
95-5, Sedttle, Washington, 39 pp.

Research Planning, Inc. 1989. Natural Resource Response Guide: Marine Shellfish. Prepared for
NOAA, by Research Planning, Inc., Columbia, SC, 86 pp.

Rice, SD., D.A. Moles, JF. Karinen, S. Korn, M.G. Carls, C.C. Brodersen, JA. Gharrett, and M.M.
Babcock. 1983. Effects of Petroleum Hydrocarbons on Alaskan Aquatic Organisms. A
Comprehensive Review of All Oil-effects Research on Alaskan Fish and Invertebrates
Conducted by the Auke Bay Laboratory, 1970-81. Final Report. Outer Continental Shelf
Environmental Assessment Program, NOAA.

Scott, G.I., T.G. Ballou, and JA. Dahlin. 1984. Summary and Evauation of the Toxicological and
Physiological Effects of Pollutants on Shellfish - Part 2: Petroleum Hydrocarbons. Rept. No.
84-31, Research Planning, Inc., Columbia, SC, 64 pp. (plus appendices).

D-41



D.4 Biological Natural Resour ces - Habitats
D.4.a Wetlands
D.4.al Sengtivity to Oil Impacts

The wetlands habitat includes sdlt and fresh water wetlands of dl types, namely mangroves and
marshes, forested swamps, floating vegetation, and wet tundra. Most information regarding the impact
of oil on wetlands comes from studies of oil impacts on the vegetation of coastd tida estuaries. Most
of the studies have been of marshes dominated by Spartina alterniflora and mangroves dominated by
Rhizophora mangle. Based on the available data, there are sgnificant differences in the degree of
impact of oil among species assemblages. Although every incident is unique, there are severa factors
that affect the behavior and impact of oil on wetlands.

Impacts by Oil Type. Light refined products (e.g., No. 2 fud oil) have the greatest acute
toxicity to al types of vegetation, but have shorter persstence and alower likelihood of sediment
contamination. For herbaceous vegetation, crude oils and intermediate refined products show mostly
medium-term impacts, a higher tendency for sediment contamination, and recovery within 1 to 5 years
(Alexander and Webb, 1983; Bacaet d., 1983; Bender et d., 1980; Michel, 1989). In contrast, heavy
crude and refined oils can severdly affect mangroves, where toxicity results from coating of the roots
which prevents gas exchange (Getter et d., 1984). Impacts can last up to 20 years, until the mangrove
returns to a mature forest habitat.

Extent of Vegetation Contamination. Many plants can survive partid oiling. Few survive
when al or mogt of the above-ground vegetation is coated (Alexander and Webb, 1983; 1985; Baker,
1971).

Degree of Sediment Contamination. The degree of contamination of sediments can prolong
impacts to marsh ecosystems for many years, compared with the initial loss of oiled vegetation. Slower
recolonization rates are frequently related to hydrocarbon levelsin the sediments, though the
composition of the oil is asimportant as the tota petroleum content (Alexander and Webb, 1987).
Studies of alarge incident in Panama showed that chronic oiling from oil dowly released from
sediments had significantly reduced recolonization by mangrove prop root communities for five years
(Burnset d., 1993).

Physical Setting. The relative degree of exposure to waves and currents is one of the most
important factors controlling the persistence of oiled vegetation and overdl rate of recovery. Exposure
to waves and currents usualy works to enhance recovery, but in some casesit can dso work to
increase erosion after plant roots die and before new growth can occur. Many isolated freshwater
wetlands have little or no exposure to physica removal processes and are thus susceptible to long-term
oil persstence and effects.

D-42



Seasonal Effects. Thetiming of an incident relative to the growing season can affect the
nature and duration of theimpact. 1n general, oiling during the dormant season has the lowest impact,
whereas oiling of vegetation during the growing season will likely have longer effects (Baker, 1971).
Mechanisms responsible for the dower recoveries during the growing season have not been extensively
studied, but probably are related to plant stress and food reserves at a time when the plant's resources
are being fully expended (Mendelssohn, 1993, persond communication).

Species Sensitivity. Although there are limited data, annuals may be more sensitive than
perennias because annuas have smal root systems and low food reserves, whereas perennias are able
to regenerate from underground rhizomes (Baker, 1979). However, annuastend to be the first
recolonizers (Getter et al., 1984).

Effects of Cleanup. During response activities, the vegetation and substrate can be trampled
and the oil can get mixed deeper into the substrate, extending the injuries both in degree and duration.
Trustees also need to protect vegetation from trampling during injury assessment studies.

D.4.a.2 Indicatorsof Exposure
Exposure can be documented through both visual and chemical measures. The extent and

degree of oiling on vegetation and in the substrate are important variables in quantification of the
injury. Indicators of exposure are listed below:

Indicator of Exposure M easur ement M ethods

Extent and degree of oil | Aerial and ground surveys for systematic, visual estimates of the
contamination on areal extent and degree of oil adhering to vegetation and substrate;
vegetation and photographic/video documentation, using standardized terminology
substrate, and (Owens and Sergy, 1994); summary statistics on the total acreage
disturbance by of injured wetland habitat by degree of oiling and trampling
trampling categories.

Contamination of biotic | Collection of samples for chemical analysis to measure petroleum
and abiotic components | hydrocarbons levels; to identify the source of the contamination;
and to characterize the degree of weathering.
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D.4.a.3 Injury

Injury assessment studies of past incidents have concentrated primarily on injury to vegetation.
Aninjury assessment should generate data on severity of injury, tota acreage of injured wetland, and
duration of theinjury. It isimportant theat field study designs consider the effect that other
environmenta factors may have on plant recovery including changes in sdlinity (Winfield and
Mendelssohn, 1994), water level, or temperature. Detalled field methods for assessing oiled marshes
are provided in Mendelssohn et d. (1990) and Michel et a. (1994). Feld methods for study of oiled
mangroves are provided in Getter et d. (1981), Getter and Ballou (1985), Garrity et a. (1994), and
Levings and Garrity (1995). Injury assessment methods for wetlands are summarized below.

Percent Liveand Dead Cover. To quantify injury to vegetation, estimates of the percent live
and dead cover or trees can be made aong transects or in randomly located quadrats in each category
of ailing (as determined from aerial mapping). Transects can be used where it isimportant to consder
topographic controls. Using fixed transects and quadrats alows better control for long-term
monitoring of changesin cover. Ground stations can be used to verify estimates of vegetation die-back
or stress measured from aeria photography.

Species Abundance and Diver sity. Abundance may be recorded at the speciesleve so that
temporal changes in species composition can be monitored. Such studies are important when thereisa
potentia for re-colonization of oiled areas by pioneering species, which might not be detected by
smple live/dead cover or biomass assessment methods.

Reproductive Status or Potential. At selected sampling Stes dong transects or in quadrats,
quantitative measurements of the reproductive status of the plants can be recorded for comparison of
oiled versusreference gtes. For mangroves, seedling density and condition are sengtive indicators.

Above-ground Biomass. Net above-ground effect on production is determined by counting
the number and height of all sems within quadrats (Morris and Haskins, 1990). Estimates of individual
stem biomass can be accomplished by harvesting the vegetation from selected quadrats within the
marsh.

Observations of Effectson Marsh Fauna. It isimportant to make systematic observations
on obvious effects on dominant marsh fauna. Observations include the presence/absence of organisms,
gualitative estimates on relative abundance, visual extent of oil contamination, and behaviora
observations. If amore rigorous assessment of impacts to marsh faunais appropriate, methods to use
can be found in the section on shoreline communities (B.4.4).



Net Erosion. Along exposed shorelines, thereisarisk of shordine erosion after the oiled
vegetation dies back. Stakes can be placed landward of the shoreline and the distance to the shoréline
measured at regular intervals (Michd et d., 1994). Only under extreme erosion conditions can
shordline changes in wetlands be detected using sequentia aerial photography.
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D.4.b Submerged Aquatic Vegetation
D.4b.1 Sengtivity to Oil Impacts

Submerged aquatic vegetation (SAV) includes rooted vascular plant species that grow
primarily below the water surface in both fresh and salt water (e.g., water lilies, ed grass, surf grass,
manatee grass, kelp). SAV isconsdered to be highly sengtive to oil impacts because of its high
productivity, key rolein nutrient cycling, and value as nursery, foraging, and sheltering habitats for
many endangered and commercialy and recreationaly important species. However, SAV isnot as
vulnerable asintertidal vegetation because it is mostly subtidal and less likely to bein direct contact
with floating ail dicks. Qil effects on SAV habitats as discussed in Zieman et d. (1984) are
summarized below:

Greatest impacts occur on SAV that is on the water surface or in the intertidal
zone, where the oil comesin direct contact with exposed blades.

Oil readily adheresto exposed blades, particularly when the ail is heavy or
wesathered.

Oiled SAV quickly defoliates but the plants have the capacity to grow new
leaves (the leaves grow from ardatively protected meristem) in arelatively
short period of time unless the sediments also are oiled. Recovery can occur
with 6-12 months.

Plant mortality has been observed during incidents when the sediments were
contaminated by oil although such incidents have been rare.

The most sensitive component of the SAV ecosystem is the epiphytic
community and juvenile organisms that utilize the grass beds as a nursery.
These species and life stages can be highly sensitive to both the water-soluble
and insoluble fractions of ail.

The plants can uptake hydrocarbons from the water column and sediments,
potentialy lowering their tolerancesto other stresses.
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D.4.b.2 Indicatorsof Exposure

Exposure can be documented through both visual and chemical measures. Degree of oiling on
vegetation and in the substrate is an important variable in quantification of the injury. Oiled seagrass
blades are quickly doughed off, so early surveys are needed to document exposure. Indicators of
exposure are listed below:

I ndicator of M easur ement M ethods

Exposure

Direct oiling of Visual estimates of the areal extent and degree of oil on
vegetation blades/leaves; photographic or video documentation; sampling of

oiled vegetation to fingerprint the oil and characterize oil
weathering. For kelp, maps of distribution of oil dicks in kelp beds
over time.

Oil contamination in Collection and analysis of sediment from below and water samples
sediments and water from above the SAV beds. Oil stranded on adjacent shorelines may
be a chronic source of exposure.

D.4.b.3 Injury

Mogt injury assessments focus on injury to the SAV bed itsdlf because it isthe basis for ahighly
productive ecosystem. Aninjury assessment should generate data on severity of injury, total acreage of
injured SAV, and duration of theinjury. Careful Site selection for oiled and reference Sitesis
particularly important for seagrass beds, to make sure that they have similar physical settingsin terms
of current and wave energy, substrate type, water depth, and so forth. I1n some cases, it may be
important to demongtrate smilarity of oiled and reference stes by continuing the evauation of injury
over time until natural recovery has progressed and the measured parameters converge. An excdllent
source for seagrass assessment methods is Phillips and McRoy (1990). Injury assessment methods for
SAV are summarized below.

Biomass. Measurements of biomass can have extremely high variability, thus many replicates
per site may be needed to support datistical anadyss. Although the standing crop of leavesis
sgnificant, the mgjority of the biomassisin the rhizomes and roots, thus both above- and below-
ground biomass measurements are important. Above-ground biomass can be measured by repeated
clipping of the leaves (Kenworthy et a., 1993). Below-ground biomass can be measured from cores.
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Species Abundance and Density. Many SAV beds follow standard successiond sequences
(Zieman, 1982) that result in beds dominated by a single plant species. Frequently the successona
steps are reset by perturbations or environmenta conditions such that the climax is not reached. Thus,
relative species abundance is generaly not useful in detecting oil effects. Instead, it isused to
characterize the seagrass habitat in generd. Relative abundance and dengity most frequently are
measured using standard quadrat counting methods at randomly located stes. The high natura
variahility in SAV cover will likely require many replicates to determine differences among sites.

Growth Rates. Sublethd effects of oil exposure can result in reduced productivity and growth
rates. Short-term growth of leaves can be measured by perforation with a needle at the base of shoots
in quadrats and measuring growth over atime period usualy of daysto weeks (Thom, 1990).
Eventualy the leaves can be harvested to measure growth in terms of leaf area and dry weight. Long-
term growth can be measured by tagging rhizomes at the base of the most recent shoot, then returning
months later to collect the tagged segments and any new growth (Houghton et d., 1992). Reduction
in flowering shoot dengty has been reported for several incidents and may be a sensitive indicator of
exposure (Houghton et dl., 1992; Dean et d., 1994).

Morphological Measures. Leaf areaindex, theratio of leaf areato substrate surface area,
provides an estimate of secondary surface area available for epibiota, habitat complexity, and
photosynthetic potentia (Evans, 1972). Short-shoot and leaf-pair densities may be a better indicator of
biomass where there are large seasond fluctuations in standard biomass measurements (Kenworthy,
1992).

Physiological M easures. Sub-lethal effects of oil on seagrasses can be measured by changes
in the photosynthesis and respiration rates of exposed plants. Durako et d. (1993) used photosynthesis
versusirradiance (i.e., radiant flux dengty) responses of leaf tissues exposed to oil to assess ail toxicity
to seagrasses. Such laboratory experiments may be needed to link the injury to exposure for the

specific ail type and seagrass Species.
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D.4.c Tropical Reef Ecosystems
D.4.c.1 Sengtivity to Oil Impacts

Tropical reefs are highly productive ecosystems that experience long-term natura fluctuations
aswell asawide range of responses to man-made disturbances. There have been relatively few studies
of reefs following exposure to incidents involving oil. Loya and Rinkevich (1980), Ray (1980), and
TetraTech (1982) compiled data on the effects of oil on cora reef communities for fifteen incidents.
These studies looked only at acute impacts. Some subletha work on cord reefsis documented in
Fucik et . (1984).

Long-term studies by Cubit et d. (1987), Guzman et al. (1991), and Guzman and Holst (1993)
of the 1986 Texaco incident in Panama reported delayed and extensive patterns of injury to shalow
cord reefs 2.5to 5 years after theincident. The extent and degree of injury to cord reefs were related
to chronic exposure as oil leached out of adjacent mangroves for years. A recent consolidation and
overview of oil impacts on cora reefs was published by IPIECA (1992).

The sengtivity of cord reef ecosystems to episodic incidents can be divided into three
categories.

Highly Sensitive

Intertidal reefs and reef flats, where direct contact with the oil islikely.

Sheltered, shallow water settings where high concentrations of dissolved and
particulate oil are likely to perss.

Areas where oil leaching from adjacent areas creates chronic oil exposures.

Areaswhere cord reefs dready are stressed by pollution, sedimentation,
thermd problems, etc.

M oder ately Sensitive

Resefslocated in water depths of 1-5 m below low water, where high levels of
dissolved or particulate oil are possble, especialy when the oil is fresh.

Partially-sheltered locations where oil mixed into the water column can cause
exposure for up to afew days.
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L ess Sensitive

Reefslocated at grester than 5 m water depth at low tide; dilution can reduce
oil levelsin the water column to below acute toxicity levels.

Highly flushed settings where fresh oil could mix into the water column, but
exposure is more likely to be short (hoursto days).

Healthy subtidal reefsthat are likely to recover from short-term exposures
within days or weeks after oil exposure.

D.4.c.2 Indicatorsof Exposure

Exposure can be documented through both visua and chemical measures. Qil stranded on
adjacent shorelines may be a chronic source of exposure with greater long-term impacts than acute
exposures during the incident event. Indicators of exposure are listed below:

Indicator of Exposure

M easur ement M ethods

Direct contact of reef
with whole oil during
low tide

Visual estimates of the areal extent and degree of oil adhering to or
in direct contact with reef structure; photographic or video
documentation; sampling of oiled material to fingerprint the oil and
characterize oil weathering.

Direct contact with the
water-accommodated
fraction (both dissolved
and dispersed oil)

Observations, maps, and photographs showing the presence of oil
dicksin the vicinity of reefs; water samples to measure the amount
of ail in the water column; computer models that calculate the
water-column concentrations of oil expected in the vicinity of the
reef.

Physical destruction of
the reef (e.g., ship
grounding)

Observations, maps, and photographs showing the extent of
damage to the reef.

D.4.c.3 Injury

The focus of the injury assessment is often on the reef-building community, which isthe
sructura bagsfor the reef ecosystem. It isimportant to note, however, that coras are not dwaysthe
primary components of the tropical reef ecosystem. Calcareous red and green dgae are often the
dominant cover. In addition some organisms, such as sponges, may be better indicators of oil effects.
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Brown and Howard (1985) review methods for assessing the effects of stress on cord reefs,
many of which are gpplicable to injury assessment. For ail, short-term mortdlity is expected from
physica destruction or direct exposure. Thus, the emphasis is on measures of sublethd effects that can
be used to estimate the degree, areal extent, and duration of injury. It isimportant to document the
degree and frequency of oil exposure and to stratify sampling Sites according to degree and type of
exposure. Injury assessment methods for coral reefs are summarized below.

Percent Cover. Quantitative methods for assessing cover can be conducted using the line-
transect (point) method or the quadrat method (Weinburg, 1981). If pre-incident data are available,
using the same methods as those in the previous surveys improves the strength of before-after
comparisons. Fixed transects often are recommended over random ones, so that repeat surveys can
confidently identify shiftsin zonation. When using the point method, it isimportant to record what is
directly under (and over, for branching corals) the point. Thereisawide rangein oil sengtivity among
cora speciesthat is not well known or understood.

Within the reef ecosystem, some organisms may be more abundant and at greater risk to oil
impacts, such as sponges. Cover and abundance measures for these organisms should be included
along the transects.

Tissue Injury Rates. Measurements of tissue injury for all sessle organisms on the reef can
include lesons, necrosis, and morbidity. In generd, thereisahigh background injury rate on reefs
which should be defined. Injury categories should be objective and standardized among observers.

Growth Rate. Changesin growth rates result from a variety of physiologica processes, thus
growth rate can be agood indicator of oil-induced stress. However, growth rates are inherently
variable among species and within a single species, requiring alarge number of samples. Gladfelter et
al. (1978) describe methods for measuring growth rates in the field using x-radiography for massve
coras or stain markings on branching cords, aswell as radioisotope dating and weighing of specimens.
For sparse resfs, collecting samples for analysis can cause extengve injury to thereef. To link
reduction in growth rates to hedlth of the redf, it may be necessary to monitor direct physiological
measures of injury, such as reduced reproduction.

Expulsion of Zooxanthellae. Expulsion of zooxanthellae (or bleaching) following exposure
to oil has been found both in the laboratory and following spills (Birkelund et d., 1976; Neff and
Anderson, 1981). Documentation of bleaching following a discharge may be evidence of short-term
exposure and response.



Reproduction Rates. Guzman and Holst (1993) were able to detect reductions in gonad size
of reef cords at oiled versus unoiled reefs five years after the Panama (1986) incident. They suggest
that female gonads (eggs) can be the easest method to measure changes in reproduction rates for
gonochoric coral species. However, because reef sampling is destructive and sample
preparation and analysis is very time-consuming and expensive, this technique is only applicable to
those species for which the reproductive cycle has been previoudy studied. Another approachisto
measure recruitment on settling plates or natural surfacesin oiled and non-oiled areas in Smilar habitats
and time periods.

Other physiologica and histopathologica parameters, including mucous production, alga
invasions, bacteria infections, other diseases, and reductions in metabolism, could be used to assess
injury. Thereislittle basdline information by species, however, and in genera there is high natura
variability in these parameters (Brown and Howard, 1985). In addition, corals exhibit these responses
for awide range of stressesthat are not well understood.
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D.4.d Shorelineand Riparian Communities
D.4.d.1 Sendtivity to Oil Impacts

This grouping of shoreline communities includes al biological communities associated with
shoreline and riparian habitats, including estuarine and marine intertidal zones and riverine and
lacustrine shorelines, from arctic to tropical settings. Habitats include rocky shores, sand beaches,
gravel beaches, tiddl flats, vegetated banks, wetlands, and man-made structures. These habitats are
often severdly injured when oil strands on the shoreline. There have been numerous studies on the
effects of oil on these habitats. Some events such as the Torrey Canyon incident in 1967 have been
studied for over 20 years (Hawkins and Southward, 1992). Ganning et al. (1984) summarized the
literature on the effects, recovery, and restoration of oiled shoreline ecosystems, mostly marine. They
summarized numerous studies on acute and sublethd effects, but none on coating or habitat aterations.
They concluded that it was difficult to generdize the impacts of an oil discharge because of the wide
range in environmenta factors controlling both the fate of the oil and community behavior. In
particular, thereis not agreat ded of information on which to predict oil impacts to riparian habitats.

D.4.d.2 Indicatorsof Exposure

Exposure can be documented through both visual and chemical methods. Visual observations
of the presence of oil are most important during the early phases of an incident, whereas chemical
measures are valuable for documenting chronic and low-level exposures. Indicators of exposure are
listed below:

Indicator of Exposure M easur ement M ethods

Extent and degree of oil | Aerial and ground surveys to make systematic, visual estimates of
contamination on the the areal extent and degree of oil adhering to the shoreline
substrate substrate, using standardized terminology and methods (Owens and
Sergy, 1994;); photographic or video documentation of visual
observations; sampling of oiled substrate to fingerprint the oil and
characterize oil weathering; summary statistics on the total distance
of oiled shoreline by degree of oiling categories.

Sediment Collection of sediment samples for chemical analysis to measure

contamination the level and type of petroleum hydrocarbons present.

Levels of petroleum Collection of tissue samples, usually from organisms that are

hydrocarbonsin tissue | known to uptake and concentrate petroleum hydrocarbons, such as
bivalves and gastropods.
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D.4.d.3 Injury

Assessment of injury to shoreline communities is most often conducted through field
measurement of population parameters and satistical analysis of the data. The primary god isto
document the community response to oiling over time by establishing enough permanent plots within
the study area to quantify the changes in the measurement parameters. Study design is extremely
important to being able to detect oil-related changes. 1t may be important to classfy stations according
to the degree of contamination, exposure to wave and tidal energy, habitat, elevation, and type of clean
up conducted at the station. Most communities undergo complex successiona stages that need to be
conddered in sampling design and data interpretation. Repetitive surveys should be scheduled
congsgtently, coinciding with reproductive events or maximum development, if possible.

Another dternative isto use previoudy established sations (Mussd Watch, State or University
long-term monitoring gSites, etc.) located in the area of impacts. These Sites can provide hitorica data
on population compositions and natural variations. In addition, the Minerals Management Serviceis
currently (1995) funding aresearch program to develop detailed guidelines for injury assessment
studies of rocky intertidal coasts. These guidelines should have broad applicability to al shoreline
habitats. 1njury assessment methods for shoreline and riparian communities are summarized below.

Per cent Cover and Species Abundance and Diver sity Indices. Methods for measuring
these community parameters are described in Littler and Littler (1985) for dgae, Baker and Wolff
(1987) for many different communities, Cubit and Conner (1993) for reef-flat communities, Zeh et d.
(1981) and Moore and McLaughlin (1978) for intertida communities, and Holme and Mclntyre (1979)
for coring of benthic fauna. Depending on the Site conditions, transects are set up either paralel or
perpendicular to the shoreline. Along the transects, quadrats are located either randomly or at fixed
distances. Estimates of percent cover and other parameters within quadrats can be made visudly or by
using systematic or random point contact methods. Dethier et d. (1992) indicated that visua
estimation of percent cover by experienced biologists was more accurate and precise, especidly for
rare species, than 50 or 100 point contact methods.

Growth Rates. Growth can be avery senstiveindicator of on-going subletha effects on
shoreline communities, either directly from contamination or indirectly from reductions in the food
base. Growth is studied by collecting animals from classfied sites and measuring length and/or weight
at selected intervals. To improve the precision of the data, individua specimens can be tagged for re-
collection and measurement. Specimens with shells can be evaluated by measuring increments between
growth rings in the shdll, tagging the shell chemically with a fluorescent dye (cacein) that binds with
cacium, or taking repetitive measurements of shell length of individual organisms (Houghton et dl.,
1992). Transplanting experiments can be used to document injury and potential recovery at oiled Sites
(Houghton et d., 1994). For plants, growth rates can be determined by marking or tagging individual
plants for repetitive length measurements over time.

D-58



Reproductive Condition. There are severd methods for measuring reproduction, depending
upon the species and reproductive mechanism. For species that broadcast eggs or seeds, plates can be
Set out to compare the settling rate in oiled versus unoiled sites. For attached plants or sedentary
animals, visua estimates or counts can be made of the percent or number of the speciesthat areina
reproductive stage.

Biomass. Nearly al methods of measuring biomass require destructive sampling, thet is, al
biotain a specific area are removed for analysisin the laboratory (Littler and Littler, 1985). Epifauna
are scraped from the surface. Infauna can be field-seved and preserved (Holme and Mclntyre, 1979).
Larger organisms can be hand-sorted, identified, and measured or weighed inthe fidld. Inthe
laboratory, the samples are sorted, identified to the lowest practica taxonomic level, and counted.

Species Behavior. Feld observations can be made of behavior including response to tactile
stimuli, gapping shells, re-attachment rates, righting ability, reactor muscle function, and so forth.
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D.4.e Benthic Ecosystems
D.4.el Senstivity to Oil Impacts

Benthic ecosystems include underwater habitats not addressed elsewhere:

Subtidal rocky reefs and sand/mud bottoms; and

Lake and river unvegetated bottoms.

For most incidents benthic ecosystems are usualy at much less risk of significant exposure to oil.
Benthic ecosystems are at risk when oil sinks, either because it is heavier than water initialy, or because
the oil picks up enough sediment to causeit to sink (Michel and Galt, 1995; Michel et d., 1995). Under
these conditions, benthic resources can come in direct contact with heavy amounts of oil, with
ggnificant injuries.

Oil dso can contaminate benthic habitats through the deposition of oil-contaminated sediments,
mostly sand and mud. Extensive contamination of subtidal sediments has been documented for only
the Florida barge in Buzzards Bay (Sanders, 1978; Sanderset d., 1980), the Amoco Cadiz off the
coast of Brittany, France (Cabioch et al., 1982), the Exxon Valdezin Prince William Sound (O'Clair et
al., 1993; Jewett and Dean, 1993), and the Braer off the Shetland Idands (Ecological Steering Group,
1993). With the exception of the Exxon Valdez, these incidents occurred during extremely high wave
energy conditionsin shalow water, where both oil and fine-grained sediments were mixed into the
water column in the nearshore zone. During the Exxon Valdez, high-pressure washing of oil from the
shoreline during the summer months probably mohilized oil and fine-grained sediment for mixing and
deposition in shalow offshore areas. It appears that somewhat unique conditions are required before
large-scale contamination of benthic habitats by oil islikely to occur. Muddy sediments are more likely
to be contaminated than rocky reefs or even sandy bottoms where the substrate undergoes some
reworking by currents and/or waves.

D.4.e2 Indicatorsof Exposure
Exposure can be documented through both visual and chemical methods. Visual observations
of the presence of oil in benthic habitats are difficult and feasible only under heavy oiling conditions.

More commonly, samples are taken for chemical analysis or toxicity testing to document the presence
of ail inthese habitats. Indicators of exposure are listed below:
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I ndicator of M easur ement M ethods
Exposure

Extent and degree of Sampling of sediments to quantify the amount of oil contamination,
oil contamination of fingerprint the oil, and characterize oil weathering. Sampling

the substrate methods include the use of sediment coring devices (USEPA,
1984; PSEP, 1991) or hand-held diver-collected cores.

Sediment toxicity Collection of sediment samples for bioassays to demonstrate the
presence of toxicity (Chapman, 1988). These tests provide
information that is independent of chemical characterization and
ecological surveys.

Levels of petroleum Collection of tissue samples, usually from organisms that are
hydrocarbonsin biota | known to uptake and concentrate petroleum hydrocarbons, such as
tissue bivalves.

D.4.e3 Injury

Assessment of injury to benthic ecosystems is conducted with field measurements of population
parameters and Satistical analysis of the data (Zeh et ., 1981). The primary god isto document the
community response to oiling over time by collecting enough samples within the study area to quantify
the changes in abundance, dengty, diversity, and so forth. It isimportant to classify stations according
to substrate type and degree of exposure to wave and current energy. Injury assessment methods for
benthic communities are summarized below.

Mortality. Where large-scale mortality of benthic organisms is expected, divers can make
observations on the extent and relative abundance of dead organisms dong transects using video
cameras to document these observations.

Benthic Species Abundance and Diversity Indices. Coring methods for measuring
community parameters for benthic fauna are described in Holme and Mclntrye (1979). Diverscan
census epibiota adong transects usng methods similar to those described for shoreline ecosystems.
Rapid bioassessment techniques are useful as quick screening tools to determine if there is a need for
more detailed, quantitative surveys. For example, the USEPA has published rapid bioassessment
protocolsfor use in streams and rivers for benthic macroinvertebrates and fish (Plafkin et d., 1989).
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Biomass. Infaunasamples are collected from sediment grabs or dredges, field-sieved, and
preserved (Holme and Mclntrye, 1979). Larger organisms can be hand-sorted, identified, and
measured or weighed in thefield. In the laboratory, the samples are sorted, identified to the lowest
practica taxonomic level, and counted.

Growth Rates. Growth is studied by collecting animals from specific locations and measuring
length and/or weight at sdlected intervals. Specimens with shells can be evaluated by measuring
increments between growth rings in the shell, tagging the shell chemically with a fluorescent dye
(calcein) that binds with calcium, or taking repetitive measurements of shell length of individual
organisms (Houghton et al., 1992). Trangplanting experiments can be used to document injury and
potentia recovery at oiled Stes (Houghton et a., 1994). For shoreline communities, growth rates can
be determined by marking or tagging individual plants for repeat length measurements over time. For
macroagae, gipe diameter may be agood indicator of length and weight of each plant (Dean et 4.,
1993).
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D.4f Terredrial Ecosystems
D.4.f.1 Senstivity to Oil Impacts

This category includes all terrestrial ecosystems, with emphasis on the most sengitive types
including dry tundra, taiga, temperate grasdands, and tropica rain forests. Because of extensive
development of Arctic and subarctic oll fields, there have been more studies of the effects of oil on
tundra and taiga environments compared to the other types (McCown and Simpson, 1973).

Tundraand taiga soils are highly sengtive to both the physical and chemical effects of oil and to
response activities (Linkins et a., 1984). Studies of experimental and accidental incidents have found
extremely dow westhering ratesfor oil that had penetrated below the surface in arctic and subarctic
soils. Slightly weathered oil was till present fifteen years after an experimental incident in taiga soilsin
interior Alaska (Collinset al., 1993). Three factors contribute to the long-term effects of oil in these
habitats:

Very low plant productivity and recycling of nutrients because of the short growing
season, limited nutrients, and acid, organic soils;

Slow weathering rates of stranded oil; and

Severe access limitations, particularly in summer when physical destruction from access
is unavoidable and extensive.

In generd, oil impactsto terrestrial ecosystems are a function of the following factors.

Depth of Penetration. Interrestria environmentsincidents usualy occur as point discharges
on the surface and subsurface, where penetration is a function of soil permesbility; and as aeria spray,
which usually causes low soil penetration. Deep penetration into soils (particularly tundra, peat and
gravel soils) will likely dow the rate of wesathering, and increase the duration of acute and chronic
toxicity.

Potential for Temperature Change. Oil can sgnificantly affect the soil temperature,
especidly in arctic and tropical settings. In arctic settings, the ground surface heat flux can be modified
because abedo is decreased, leading to surface heating, solar radiation flux is increased by desth of the
canopy, thermal diffusivity changes because of the oil, and the organic layer islessinsulative where the
vegetation has died (Mackay et d., 1975). Elevated soil temperatures in arctic settings can melt
permafrost, which can lead to permanent soil compaction and subsidence of the surface (Collinset d.,
1993). Intropica settings, decreased abedo and die-back of the canopy can cause soil heating,
dehydration, and reduced viahility (Kinako, 1984).
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Changesin Water -holding Capacity. One of the moreimportant effects of oil on soilsisa
reduction in their water-wettability, making the soil hydrophobic (Schwendinger, 1968). Contaminated
soils often resist wetting, reducing the amount of water available for uptake by plant roots.

Potential for Anaerobic Conditions. Oiled soils can have an increased oxygen demand,
which leads to anaerobic conditionsin soils with low oxygen permesbility. Microbia degradation rates
are extremely dow under anaerobic conditions, leading to longer oil persastence and effects.

D.4.f.2 Indicatorsof Exposure

Exposure can be documented through both visual and chemical methods. Visual observations
of the presence of oil are most important during the early phases of the discharge, whereas chemica
measures are valuable for documenting chronic and low-level exposures. Indicators of exposure are
listed below:

Indicator of M easur ement M ethods

Exposure

Extent and degree of | Aeria and ground surveys to make systematic, visua estimates of
oil contaminationand | the areal extent and degree of oil adhering to vegetation and
trampling on on/penetrated into soils using standardized terminology (Owens
vegetation and soils and Sergy, 1994); photographic or video documentation of visua
observations; sampling of oiled soils and vegetation to fingerprint
the oil and characterize oil weathering; summary statistics on the
total acreage of each habitat by degree of oiling and trampling

categories.
Soil contamination and | Collection of soil samples for chemical analysis to measure the
toxicity levels of petroleum hydrocarbons present and toxicity.
D.4f.3 Injury

Injury assessment studies of past incidents have concentrated on injury to vegetation. The
objectiveisto quantify the injury in terms of reductions in the key measures of vegetation productivity
and function and the ared extent and duration of the injury. These reductions can be trandated into
lost services and functions for valuable and sentinel species. Standard field methods for plant ecology
studies can be used (e.g., Barbour et d., 1980). There have been many field studies of the effects of air
pollution on vegetation that can be modified for oil pollution studies (e.g., Heck and Brandt, 1977).
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Percent Live, Dead, and Stressed Vegetation. To quantify vegetation injury, estimates of
the percent live, dead, and stressed vegetation can be made along transects utilizing a line-intercept
sampling method. Transects are preferred because they provide topographic control. Using fixed
transects allows better control for long-term monitoring of changesin cover. Alternately, study plots
can be located in areas defined by degree of oiling and randomly located quadrats within each plot can
then be used for making observations. Depending on the habitat, plant cover may need to be measured
inthree layers. canopy, understory, and herbaceous cover. Photography isimportant for documenting
and supporting visua estimates or observations. Hemispheric photography and automated scanning of
photographs can be used to determine percent canopy coverage (Anderson, 1964). Types of
vegetation stress to be recorded include chloross, bronzing, margina necrosis, leaf wilt, and leaf death.
Ground gtations can be used to verify estimates of vegetation die-back or stress measured from time-
series agrid photography, using false-color infrared film (Murtha, 1978).

Above-ground Biomass. Net above-ground effects on production of herbaceous vegetation
can be conducted by harvesting the vegetation from selected quadrats (subdivided into sections by
degree of oiling) within the affected aress.

Growth. These measures may be valuable when particular species known to have high
sensitivity to oil are present in the plant community. Under conditions of severe injury, each age class
for key species can be studied using sandard tree boring techniques, the diameter at breast height
(dbh), and height measurements. These data can be used to caculate the time required for recovery to
the pre-incident age structure in the affected area.

Seed Germination Success. For many species, stress is manifest asareductionin
reproduction. Comparisons between comparable oiled and unoiled study areas can be made of the
percent of plants flowering and producing seeds, and seed viahility. Seed germination studies can be
conducted to determine the continued toxicity of soils and reduction in reproductive capability.

Net Erosion. Loss of vegetation could result in increased erosion, by wind or water.
Sequentia ground photography can be used to document sediment erosion following vegetation die-
back. Seldom is erosion severe enough to detect using standard aeria photography. Erosion of stream
banks can be monitored using standard topographic survey methods.
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