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EXECUTIVE SUMMARY

On 19 July 2002, a blowout occurred on the Howard/White Unit No. 1 oil well in Morgan
Courty, Tennessee releasing an undetermined amount of crude oil. The oil flowed down the
slope, entering White Creek and Clear Creek, two tributaries of the Obed Wild and Scenic River.
The oil caught on fire and burned down both slopes and across Clear Elregency response
operations were initially conducted by the Responsible Party; however, the U.S. Environmental
Protection Agency took over operations on 21 July. Since the initial spill, oil has continued to
seep out of the bank below the well througly 2007 .

The Trustees for this incident include the Department of the Interior (DOI) represented
by the National Park Service and the U.S. Fish and Wildlife Service, and the State of Tennessee
represented by the Tennessee Department of Environment asdrZation. The Trustees were
assisted by the U.S. Geological Survey and the Tennessee Wildlife Resource Agency. During the
Preassessment Phase, the Trustees determined that forest vegetation and soils, visitor use, and
stream health (as indicated by beathlgae and invertebrates, fisheries, water quality, and
sediment quality) had been affected as a result of the oil spill and decided to pursue Injury
Assessment and Restoration Scaling.

Injury to forestry resources was determined by a study of thetfstascture and
chemical analysis of the soils in the burned site and a nearby reference site two years after the
spill and fire. Overstory mortality at the burned site was 100%. The soil litter, duff, and surface
horizons were burned away, and the sagidsbank was destroyed. Mychorrizae and root systems
were killed so that trees could not resprout from their roots following the burn. Based on the rate
of biomass accumulation and the age structure of the reference forest, it was estimated that it will
take 172 years for the forest to return to-ppéll biomass standing stock. Using the Habitat
Equivalency Analysis (HEA), the injury to forestry resources in the 0.74 acre site that was oiled
and burned was calculated to be 24.3 discounted service acréDBSASS).

Injury to stream services was determined by studies of the benthic macroinvertebrates in
the impacted and upstream reference sites, studies of benthic algae, surveys of riparian
vegetation, chemical analysis of water and sediments, and stdidres leealth and integrity of
fish populations in impacted versus reference sites in Clear Creek. An important consideration in
the injury assessment is the continued release of oil from the spill site as seepage directly into
Clear Creek since the spilhd as of July 2007. The rate of seepage appears to be controlled by
the flow conditions; that is, the seepage rate is higher durindldowconditions and appears to
slow during highflow conditions. It has not been possible to determine if the oil lisbsing
released from the well itself or from the oil trapped in the vadose zone and fractures in the rocky
slope adjacent to the creek. Thus, the Trustees have assumed that the oil seepage will continue
for 20 years and follow a pattern of higher seepdigeng low flows 66% of the time. This
pattern of higher seepage rates during-ftow conditions is important because the benthic
macroinvertebrate community, as measured using the Tennessee Macroinvetebrate Index (TMI),
becomes degraded in the sectidnstseam below the seep during periods of higher seepage,
compared to the reference site that is located only a short distance upstream.
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The affected sections of Clear Creek and White Creek were divided into three reaches
with differing degree and durati of exposure and impact. The Clear Creek Seep Reach extends
1,320 feet from the seep site and is chronically exposed to oil seepage durifigwiow
conditions. Lowflow conditions were determined to be when the flow at the Obed River gaging
station at Lacing, TN for July, August, or September was below 98 cubic feet per second, which
is the 70% duration flow exceedance value. The Clear Creek Downstream Reach extends 1,240
feet from the end of the Seep Reach to 500 feet below Barnett Bridge where o8 sbegnue
to be observed through June 2007, thus it is also chronically exposed, but to lower amounts of
oil. The White Creek Reach extends 1,174 feet from the point of oil entry into White Creek to
the junction with Clear Creek. White Creek was expdseail during the first year of the spill;
the amount of chronic oil seepage since then into White Creek was considered to be insufficient
to cause injury to benthic resources.

The inputs to the HEA model after the first year were based largely on thecbkéis in
the impacted streams versus upstream reference sites and consideration of the life histories of the
benthic macroinvertebrates present in the streams. It was assumed tilmwosenditions
would occur 66% of the time over the next 20 yearsisTfor years 20 the % service loss for
the Clear Creek Seep Reach was 50% duringflow years and 25% during higftow years.
The injury to the 2.41 acres in the Clear Creek Seep Reach was calculated as 16.01 DSAYs. For
the Clear Creek Downstream Rbathe % service losses, again based largely on the measured
TMI scores in this reach compared to the reference site, was 25% durisipwowears and
10% during higHlow years. The injury to the 2.26 acres in the Clear Creek Downstream Reach
was calculeed as 8.76 DSAYs. The White Creek Reach recovery curve was based on oil
exposure during the first year after the spill and the life histories of the benthic invertebrates.
Thus, the service loss in the first year was 25% and full recovery was reacbead yedrs. The
injury to the 1.62 acres in the White Creek Reach was calculated to be 1.37 DSAYs.

Lost use was based on a study of baseline estimates of visitor use at the Obed WSR prior
to the oil spill and the number of days lost during the period whnemniver was closed to public
use. It was determined that 509 fishing days and 400 paddling days were lost. A benefits transfer
methodology was used to determine the economic value of each fishing and paddling day lost as
a result of the spill, with theesult of $29,654 for lost fishing days and $26,792 for lost paddling
days, for a total lost use of $56,446.

Two restoration alternatives were evaluated to restore services to the injured resource: 1)
Natural recovery (i.e., no action alternative) and #)ePreferred alternative. The preferred
alternative involves several actions chosen to restore the forest, stream and lost use injuries. The
Trustees chose this alternative as the actions compensate for the interim loss of services. For
forestry resourceghe preferred restoration action was invasive vegetation removal in the area
burned for 25 years and land acquisition along the Obed WSR corridor consistent with the Land
Protection Plan for the park. HEA was used to calculate the amount of land taubedyogith
the result of 2.3 acres. The Trustees decided land acquisition was also preferred for the injury to
lost use since the properties identified have significant recreational value and either provide
access to the river and hiking areas or prdtegtparts of the Obed WSR corridor. The invasive
vegetation removal costs were $11,722 and land acquisition costs were $17,050.

Vi
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The preferred restoration action for the stream services resource consisted of several
stream restoration projects in Centehilark in Crossville, TN in the headwaters of the Little
Obed River. The restoration projects include 0.19 acres of streambank restoration, invasive
vegetation removal along 750 feet of stream, creation of 2.12 acres of bog gardens, and
construction of 2.@&cres of rain gardens/water detention structures. Using HEA, these restoration
projects would create 26.1 DSAYs (equal to the injury to stream services) at a cost of $691,600;
however, other sources of funds will cover some of these costs, so the tespgdoided by the
DARP would be $460,689. This is the preferred restoration action because it would restore
resources within the Obed River watershed and it meets the evaluation criteria discussed in
section 5.2.

Oversight of the restoration projectsdaadministrative costs by the Trustee agencies are
estimated to be $151,835.

Table ES1 shows the injury and restoration scaling for each affected resource. The total
costs are $697,742.

TABLE ES-1. Injury and restoration scaling for each affected resou

. . . Restoration Action and Restoration Action
Injured Resource | Injury Scaling ;
Scaling Costs
.I_:orestry resources Invasive vegetation removal fg $11,722
I 0.74 acres with ,
recovery taking 172 243 DSAYs _— 25 years;
Acquisition of 2.3 acres of lanc $17,050
years
Stream restoration in Centenni
Stream services Park, headwaters of Little Obe $460,689
6.29 acres of streal 26.1 DSAYs River
' (26.1 DSAYs)
Lost visitor use
- 509 fishing days $56,446 Acquisition of 16.1 acres of lan $56,446
- 400 paddling days
Oversight and
Administration $151,835
Total $697,742

vii
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1.0 INTRODUCTION

This Damage Assessment and Restoration Plan (DARP) was prepared by federal and
state natural resource Trustees responsible for restoring natural resources and setiwees of
Obed Wild and Scenic River (Obed WSR) injured by the 19 July 2002 oil well blowout (the
Ai nci dent o) Howard/ White Unit No. 1 oil well
a unit of the National Park Service (NPS) and was included into the WildSaenic Rivers
System in 1976. Located on the Cumberland Plateau in eastern Tennessee, the Obed WSR
corridor is managed cooperatively by the NPS and State of Tennessee. Through a Memorandum
of Understanding, the Tennessee Wildlife Resource Agency (TWikages the land it owns
within the rims of the gorges of the Obed River, Daddys Creek, and Clear Creek within the
authorized boundary of the Park, in accordance with the purpose and policies outlined in the
Wild and Scenic Rivers Act, as amended, Pubhevl90542. The NPS exercises management
responsibilities for the Obed River and its major tributaries, including Clear Creek.

The purpose of restoration, as outlined in this DARP, is to make the environment and the
public whole for injuries resulting fro the incident by implementing restoration actions that
return injured natural resources and services to baseline conditions and compensate for interim
losses. The Department of the Interior (DOI), represented by the NPS and the U.S. Fish and
Wildlife Senice (USFWS), and the State of Tennessee, represented by the Tennessee
Department of Environment and Conservation (TDEC), af€rastees for the Natural Damage
Assessment (NRDA) of this spill event. The agencies assisting the Trustees include the U.S.
Geobgical Survey (USGS) and the TWRA. The Trustees have prepared this DARP to inform the
public about injury assessment and restoration planning efforts.

1.1  Spill Incident

On 19 July 2002, a blowout occurred on the Howard/White Unit No. 1 oil well in Morgan
County, Tennessee (Fig. 1) releasing an undetermined amount of crude oil. The well was being
drilled to test for commercial oil production from the Nashville Group formation. After drilling
to a certain depth, oil flow occurred. The pressure of the floneased and began to spill oil
around the well and outside of the containment area at an estimat&@®@@rrels per hour
(EPA, 2003). At approximately midnight on 19 July, the oil well caught fire. The spilled oil had
flowed downhill from the wellhead io White Creek, at approximately 0.21 miles above its
confluence with Clear Creek, and into Clear Creek, at approximately 0.37 miles above Barnett
Bridge. The fire followed both oiled paths, burning the vegetation and tisealkd soils (Fig.

2). Some othe large boulders on the slope fractured from the heat of the fire. The oil adjacent to
the banks in both creeks caught fire as well. After the initial spill, oil continued to seep from the
creek bank into Clear Creek through 2007, with higher rateslefdse during periods of low
river flow (NPS, 2007a; b).

Staff from the NPS responded with fire crews and technical staff. FWS staff also served
in a response capability. Initial response actions to contain the oil were undertaken by the
operator of the @il and Responsible Party (RP), Pryor Oil Company of Cookeville, Tennessee,
and the well drilling firm, Highland Drilling Company, Inc. of Kingston, Tennessee. Response
actions were taken over by the U.S. Environmental Protection Agency (EPA) on thegesenin

1-1



Damage Assessment and
Restoration Plan

21 July 2002, with support from the U.S. Coast Guard (USCG). Two containment ponds were
constructed on the north and south side of the wellhead to catch to# fuom the well to

White Creek and Clear Creek. Containment and absorbent booms wévgedept several
locations along Clear Creek and White Creek. As of 2 August 2002, the placement of the booms
included the following locations (Fig. 2):

Point of oil entry in Clear Creek

Point of oil entry in White Creek

Immediately upstream of Barnettige

Downstream (100 yards) of Barnett Bridge

Downstream (0.5 miles) of Barnett Bridge

Upstream of Jett Bridge, approximately 5 miles downstream of the spill event

During the response actions, oil seeping from the bank of Clear Creek was recovered
using containment booms and a drum skimmer. As of February 2003, all containment and
absorbent booms were removexcept at the point of oil entry in Clear Creek. The RP has
maintained sorbent and hard boom in Clear Creek continuously through June 200¢@ bédcaus
has persistently seeped out of the bank. NPS staff has inspected the seep site regularly between
June and November 2006 and again in June and July 2007. They observed oil sheen, oll
globules, and oiled boom on each visit (NPS, 2006a; b; c; d; ghf;2907a; b). Evidence of oll
was consistently observed in Clear Creek at the seep site and downstream to the riffle just above
the confluence with White Creek. The boom and sorbent materials were commonly observed to
be poorly maintained.

NPS poot &ddti@Q@ome in Contact with Water o si
shortly after the spill. On 23 July Clear Creek was officially closed to public use from Double
Drop Falls to Jett Bridge (approximately 6 miles). The closure was implemented dulelito p
health and safety concerns. A cautionary warning was issued to the public against recreating on
the water from Jett Bridge to Nemo Bridge. The NPS lifted the closure from Barnett Bridge to
Jett Bridge on February 6, 2003, but maintained ahatiemile closure between Double Drop
Falls and Barnett Bridge.

Responders were able to stop the release of oil from the well and extinguished all fires by
25 July 2002. The well was capped on 26 July 2002. An emergency access road was widened
and stabilized reg Barnett Bridge to allow vacuum trucks access to the area in order to remove
spilled oil from the creek. O#aturated soil was removed from the top of the slope above the
cliff face on Clear Creek from 27 July to 2 August 2002. The soil was excavatedraporarily
placed in the containment pond on site. Straw was placed on the slope below the cliff face to
slow erosion and runff of oily sediments into Clear Creek. The removal actions did not include
complete restoration of the damaged areas downslbpiee well or complete removal of the
access road near Barnett Bridge.

Water, soil, and sediment samples were taken by EPA during the response activities.
EPA, TDEC, and FWS personnel also collected additional sarapl2s July 2002 to assess the
naure and extent of contamination in the impact areas during the response.
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OBED WILD AND " |
SCEMICRIVER

HIGHLAND DRILLING
CRUDE AND FIRE

WARTBURG,
TENNESSEE

SCALE

1inch =0.75 mile

SOURCE: MODIFIED FROM U.S. DEPARTMENT OF INTERIOR
NATIONAL PARK SERVICE, OBED WILD AND SCENIC RIVER
TENNESSEE 2001.

HIGHLAND DRILLING CRUDE AND FIRE
WARTBURG, MORGAN COUNTY, TENNESSEE
EPA CONTRACT No. 68-W-00-120
TDD No. 4T-02-07-B-005

FIGURE 1 - SITE LOCATION MAP

E TETRA TECH EM Inc.

FIGURE 1. Location of the Howard/White Unit No. 1 oil spill and fire.
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1.2  Summary of Natural Resource Injuries

The natural resource Trusteevaluated the information gathered during the response
activities and from studies implemented during the Preassessment Phase and Injury Assessment
Phase of the NRDA. Forest vegetation and soils, visitor use, and stream health (as indicated by
benthic afjae and invertebrates, fisheries, water quality, and sediment quality) were determined
to have been affected as a result of the oil spill. There is some uncertainty in the duration of
injury to stream health because it is unknown how long oil will contiouseep into Clear
Creek. However, the Trustees used all of the available information, including focused studies,
past literature, and expert scientific judgment, to estimate the injury as a result of the oil spill.

The natural resource injuries were afetined using the Habitat Equivalency Analysis
application discussed in further detail in the Injury Assessment section of this report and
translated to discounted service acre years (DSAYSs) or dollars. Using these methods, the
Trustees estimated the inyuto the 0.74 acres of oiled and burned forest to be 24.3 DSAYs. The
Trustees estimated the injury to the 5.2 acres of stream services to be 26.1 DSAYs. The injury to
visitor use was estimated to be $56,446.

1.3  Summary of the Preferred Restoration Altermative

The preferred restoration alternative involves five actions: 1) natural recovérg
primary restoration option for forest and stream injuries, 2) invasive vegetation control to
compensate for the forest injury, 3) land acquisition/conservatioarnpensate for forest injury
as well as lost visitor use in the Obed WSR, 4) restoration activities in the headwaters of the
Little Obed River in Centennial Park, Crossville, TN to compensate for lost stream services, and
in the event that theé™actionis unable to be implemented, 5) reclamation of an abandoned mine
site in the Golliher Creek watershed that includes treatment of acid mine drainage (AMD) would
also be appropriate to restore stream services. The Trustees prefer the Centennial Park project
over the Golliher Creek project because it is located in the Obed River watershed where the
injury occurred.

1.4  Organization of Document

This report presents information about the natural resource injury studies and proposed
restoration actions for thidoward/White Unit No. 1 oil well blowout incident. Section 2 briefly
summarizes the legal authority and regulatory requirements of the Trustees under the Oil
Pollution Act of 1990 (OPA), and the role of the RP and the public in the damage assessment
process. Section 3 describes the physical and ecological environments, the cultural and
socioeconomic use of the impacted areas, and the current conditions of affected resources.
Section 4 describes and quantifies the injuries caused by the spill, includioxgiamew of
preassessment activities, a description of assessment strategies employed by the Trustees, and a
summary of assessment results. Section 5 provides a discussion of restoration options, including
the economic and socEconomic impacts associatedth each, and the appropriate scale of
preferred options based on the nature and extent of injury presented in Section 4. Section 6
provides an analysis of environmental consequences from the two restoration alternatives.
Section 7 is a summary of theeperred restoration alternative evaluated by the Trustees.
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2.0 PURPOSE AND NEED FOR THE DARP
2.1  OPA Requirements

Under the OPA NRDA regulations in 15 C.F.R. Part 990, the NRDA process consists of
three phases: 1) Preassessment; 2) Restoration Plannitgdémdnjury Assessment and
Restoration Selection); and 3) Restoration Implementation. Preassessment Phase activities for a
NRDA include collecting ephemeral data that are necessary for determining the fate and effects
of the spilled oil, reviewing the raks and analyzing the data, compiling the Administrative
Record, and making a determination whether there is injury or potential injury to Trust resources
or services potentially affected. Ultimately, the Preassessment Phase documents the collaborative
decision made by the Trustees on whether or not to pursue the assessment and restoration
planning phases of the NRDA. The determination to conduct restoration planning is based on the
following conditions (OPA regulations section 990.42(a)):

e Injuries have esulted, or are likely to result, from the incident;

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

e Feasible primary and/or compensatory restoration actions exdttess the potential
injuries.

The Trustees conducted preassessment activities and prepared a Preassessment Phase
report in April 2003. As a result, the Trustees determined that the above conditions had been met
and had likely resulted in losses of natluresources and services from the date of the incident
until the date of recovery. Thus, the Restoration Planning Phase was initiated. Under OPA,
trustee agencies determine the damage claims to be filed against parties responsible for injuries
to naturalresources resulting from discharges of oil. Claims can be mageirary restoration
(actions taken to directly restore the injured resources)cantbensatoryestoration (actions
taken to replace the interim loss of resources from the time of injtifythue resources recover
to baseline conditions). The purpose of the Restoration Planning Phase is to quantify injuries to
natural resources and services and determine the scale of the restoration actions. As the injury
assessment is being completed, Thastees develop a plan for restoring the injured natural
resources and services. The Trustees are responsible for:

Identifying a range of restoration alternatives,

Reviewing and selecting the preferred alternative(s),

Developing a Draft Restoration Rl@resenting the alternative(s) to the public,
Soliciting public comment on the Plan, and

Considering these comments when developing a Final Restoration Plan.

Before initiating the Restoration Implementation Phase, the Final Restoration Plan is
presentd to the RP to implement or to fund the Trustees' costs of implementing the plan to avoid
litigation. Should the RP decline to settle a claim, OPA authorizes Trustees to bring a civil action
against the RP for damage s sharsethent fiore theTUSGCG Dile e s 6
Spi Il Liability Trust Fund (OSLTF) equal to t
Costs include the cost of implementing the selected restoration action, the monitoring and
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necessary corrective actions, and thd obshe damage assessment itself (33 U.S.C. 88§ 2701(5)
and 2702(b), 15 CFR 990.62 and 990.63).

2.1.1 Coordination among the Trustees

The damage assessment and restoration planning process included theTtwstees
(DOI as represented by NPS and WEF, and the State of Tennessee represented by TDEC) of
the river system and those agencies assisting the Trustees (USGS, TWRA). Together, these
agencies became the Trustee Council and worked to meet their respective natural resource
trustee responsibilit,eunder OPA. The Trustee Council met on a regular basis to discuss the
progress of the NRDA and the studies being completed to support the Injury Assessment and
Restoration Planning efforts. As the federalTecastee, NPS assumed the role of the Federal
Lead Administrative Trustee and the overall NRDA coordinator; however, all decisions were
made by a consensus of the Trustee Council.

2.1.2 Coordination with the Responsible Party

The OPA regulations require the Trustees to invite the RP to participtte shamage
assessment process. Accordingly, the Trustees delivered a letter to the RP, Pryor Oil Company,
on 16 August 2002, alerting the RP that the Trustees were preparing to begin the Preassessment
Phase of the NRDA, and that they were invited to pigdte in the preassessment as well as any
further assessments or restoration planning. The RP chose not to participate with the Trustees
and was not present at the Trustee Council meetings. A DOI Notice of Intent to Conduct
Restoration Planning letter wasnt to the RP on 29 April 2003, but the Trustees did not receive
a written response from the RP. A third letter to the RP, dated 11 February 2005, was sent to
notify the RP that the Trustee Council was preparing the DARP. The letter also offered an
invitation to the RP to participate in DARP activities, with no response received from the RP
With the lack of participation from the RP, the Trustees collectively made determinations
regarding injury and restoration.

2.1.3 Public Participation

The Trustes have provided the public with information regarding their NRDA activities
via the Administrative Record (AR). The AR is available for public viewing at the Obed WSR
Office. Through the AR, the public is able to obtain all documentation collected dieng
NRDA, provide restoration ideas and alternatives to the Trustees, and identify agency contacts to
obtain more information.

The Trustees will also provideotice to the public that thdraft Damage Assessment and
Restoration Plan and Environmental Assments availablefor public review will solicit public
commentson the draftand may hold a public meeting about the plan and assessment if there is
sufficient public interestThe Trustees will respond smywritten or oral comments received on
thedraft planand environmental assessment when they prepafméh@lan and assessment

2.1.4 Administrative Record
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The AR was created during the Preassessment Phase and the files contain records from all
of the injury assessment studies, meeting minuteapents provided by the various agencies,
reports, and all other documentation related to the NRDA. The AR is available for public
viewing at the Obed WSR office, 208 N. Maiden Street, Wartburg, Tennessee.

2.2 NEPA Compliance

The National Environmental PolicAct (NEPA) (42 U.S.C 88 437&t. seq. requires
federal agencies to evaluate environmental values during a restoration project by considering the
environmental impacts of their proposed actions and reasonable alternatives to those actions.
This documentserves as the Environmental Assessment (EA) required by NEPA in that it
describes the affected environment, the need and purpose of the restoration, addresses alternative
restoration options, the consequences of the proposed action, and the role fqrastibipation
within the decisiormaking process. The information summarized in this document also
determines whether or not an Environmental Impact Statement (EIS) is required before a final
restoration project(s) is chosen. An EIS is necessary wherdpesed action is a major federal
action that may significantly affect the quality of the human environment (40 CFR 1502.3).

The draft DARP/EA will be submitted for public review and comment. Based on the
results of the public review, the Trustees wilbke the determination whether or not the
preferred restoration actions will significantly affect the quality of the human environment and if
the proposed restoration actions meet the threshold requiring an EIS. The results of these
determinations will benicluded in the final DARP/EA.
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3.0 AFFECTED ENVIRONMENT

This chapter presents a summary of the physical, biological, and cultural environment
within the Obed WSR affected by the Howard/White Unit No. 1 oil spill. The affected
environment includes the surtaavaters, sediment, shoreline, cliffs, and associated biological
resources as well as the cultural resources and human uses of Clear Creek and White Creek. Also
discussed is the Little Obed River headwater stream and Golliher Creek, neither of which were
affected by the oil spill but are considered part of the preferred restoration alternative.

3.1  Physical Environment

3.1.1 The Obed WSR

The Obed is one of only nine Wild and Scenic Rivers authorized in the southeastern
United States. The Obed River flows ov&s miles through some of the most rugged and
undeveloped terrain in eastern Tennessee. Spectacular views of high bluffs, waterfalls, and
geologic features are common. Its rugged terrain has allowed the river corridor to remain
relatively uninhabited andnimpacted. The Obed WSR's "wild" character and difficult terrain
offer visitors a rare opportunity to experience a trace of primitive America. Clear Creek and
White Creek are part of the Obed River watershed that drains across the Cumberland Plateau,
cutting 300 to 400 feet below the surface of the Plateau. Much of this vertical depth is accounted
for by bluffs that are up to several hundred feet in height. The larger tributaries join the stream at
grade, and the smaller ones often enter as waterfallsespd.sTotal precipitation varies from
about 52 inches to 61 inches (Mayfield, 1984). Water resources and riparian environments are
the principle resources of the Obed WSR. The waters of the Obed in this area, including Clear
Creek, are relativelynpolluted (with the exception of the oil spill) and are considered to be
among the highest quality in the state, supporting a rich array of plant and animal life. The
waters in this area are currently listed on the 2006 303(d) list for the oil pollution.

The oil flowing from the well contaminated both White Creek, at approximately 0.21
miles above its confluence with Clear Creek, and Clear Creek, at approximately 0.37 miles
above Barnett Bridge. The oil impacted at least 2 miles of Clear Creek (EPA, 2002 C@ekar
is a highgradient, fourthorder stream located in Fentress and Morgan Counties, Tennessee. The
physical resources affected from the contamination were the water and sediments within the
creeks, the riparian wetlands and habitat alongside Clear ,Gnegkhe highland areas and soils
above the point of oil entry at Clear Creek.

The waters of Clear Creek showed evidence of oil contamination during sampling efforts
(see4.2.1 Water Quality and the Trustees assumed that the water quality remagusealfsince
oil continues to seep into Clear Creek (observed June 2007). The affected waters in Clear Creek
begin from the point of entry to just downstream of Barnett Bridge (2,560 ft long). White Creek
also showed evidence of water contamination inyticlbm the point of oil entry downstream to
the confluence with Clear Creek (1,174 ft long), however, the amount currently observed in the
creek is likely to be below levels that would cause significant impacts. Sediments were also
affected as a result dfie spill. There was initial evidence of contamination in the sediments in
Clear Creek from the point of oil entry downstream to just below Barnett Bridge (2,560 ft). The
Trustees assumed that this resource continues to be affected by the continual cfe@padge
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Clear Creek, however, the degradation of sediments was based on the effects observed in the
injured biological resources (e.g., benthic invertebrates, fish), discussed 3iAdBrological
Environment Riparian wetlands and habitat, from th®lissite to Barnett Bridge along Clear

Creek were also affected in the initial period after the spill. Dead and stressed vegetation was
observed, as well as a coating of oil on leaves of some of the surviving plants. However, the
riparian areas observedtex the spill had returned to baseline levels within a year, and the
Trustees did not identify these resources as impaired after this time period.

The highland areas, from the oil well down to both White and Clear Creeks, were
impacted by both oil andré. The soils were soaked with oil and the fire burned the surface soill
as well as the forest vegetation. An area 1.98 acres (0.8 hectares) in size was burned from the oll
well to Clear Creek, of which 0.74 acres (0.3 hectares) are within the autharizedbby of the
Obed WSR over which the Park owns a scenic easement property interest. The fire also burned
an area estimated to be less than 1.24 acres on the slope from the oil well down to White Creek;
however, this area was not part of the Obed WSR eotppThe forest vegetation and soll
resources are currently injured as a result of the spill and fire.

3.1.2 Centennial Park, Crossville, TN

The Little Obed River is a headwater stream to the Obed River within the city limits of
Crossville, TN. One fothe smaller streams that empty into the Little Obed River also runs
through Centennial Park, a Crossville City park with baseball fields and other recreational areas.
The headwater stream was not affected by the oil spill, however, the site is thenlotame of
the preferred alternative actions discussed in subsequent sections.

The reaches of the small headwater stream to the Little Obed River in the preferred
restoration area are heavily developed. The banks are incigdde®, and the streamas been
channelized in the upper section of the city p&rtrenchment is consistent with upstream urban
development/increased runoff coefficierithe banks are unstable, the substrate includes
sandstone rubble and scoured residuum, and silt covers tioenbaf the creek. In July 2007
(during drought conditionsjhe channel was dry in the uppermost sections, standing pools were
present in the middle reaches, and the lowest reaches in the park had a trickle of flow, indicating
viable perennial (or nearlgo) habitat in the lowest third or so of the park (J. Burr, pers. comm.,
2007) The riparian buffer is either neaxistent or composed of narative species. Water
quality is degradedMost of the drainage conveyances leading from the paved parking areas
directly to the stream are unstable and managed poorly. Not only are they susceptible to flash
runoff erosion and are washing away hillsides, the grounds crew crops the soils bare.

3.1.3 Golliher Creek, Morgan County, TN

Golliher Creek is a tributary dnheadwater creek to Crab Orchard Creek which empties
into the Emory River. Golliher Creek is outside of the Obed WSR drainage and was not affected
during the oil spill. However, like the Centennial Park site, it is the location of one of the
preferred akrnative actions discussed below.

Golliher Creek is currently listed in the TDEC 303(d) 2006 List of Impaired Waterbodies
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as a result of acid mine drainage (AMD). The upland banks of Golliher Creek were used for coal
mining activities prior to the passagé the Surface Mining Control and Reclamation Act of

1977. The coal mining activities left open pits along the creek channelcahibrming material

that was exposed on the upland site during the operations oxidized and created pockets of
standing andléwing surface water with depressed pH and elevated mineral coAtdrdugh

coal mining operations no longer occur at this site, runoff events continue to contaminate
Golliher Creek with acidic materials (TDEC, 2001). The water quality of Golliher Gsgador

with low pH levels (pHO 3.0) and high Ilevels
surface disturbance at this site is approximately 17 acres.

3.2  Biological Environment

3.2.1 The Obed WSR

Clear Creek and White Creek are important habitat &n array of species.
Macroinvertebrates, such as the musSélssa iris andLampsilis fasciolagrecommon to both
creeks and rely on high water quality within the river system. Several species of fish inhabit both
Clear and White Creek including srmabuth bass Nlicropterus dolomiey)largemouth bass
(Micropterus salmoidgsrock bassAmbloplites rupestris redbreast sunfish.épomis aurituy
and Northern hogsuckerypentelium nigricans

Clear Creek is federally designated critical habitat éFa@dRegister Volume 42, No. 175)
for the federally threatened spotfin chuByprinella (=Hybopsi3 monachy One federally
endangered Unionid mussel, the purple b&alhoga perpurpureg, and two federally threatened
plants, Virginia spiraeaSpiraea viginiana and Cumberland rosemar@dgnradina verticillatg
are also known to occur in or along Clear Creek.

The forests bordering the Obed WSR are characterized as a ddpowakated forest
with black and scarlet oak the most common and oldest spedirsa wmiean age of 102 years
and up to nearly 400 years (Walker et al., 2004; Webster and Jenkins, Q@0€).species
include white pine, hickories, white oak, and chestnut oak. The rim and slopes of the river have
thin soils, unique and striking rock @ubps, rugged terrain, and one of the richest floras in the
southeastern United States including vascular plants, bryophytes, and lichens (Walker et al.,
2004). Within the Obed River gorge, studies have reported 734 taxa within 393 genera and 122
families (Schmalzer et al., 1985The cliff edge habitat was found to have unique community
assemblages including state and federally listed spédiatker et al., 2004). Mammals and
birds that have been observed in the Obed WSR include-taliigd deer, gray fq red fox, gray
squirrel, raccoon, cottontail rabbit, wood duck, mallard, and turkey. Songbirds and raptors are
also seen frequently throughout the area.

Affected biological resources from the oil spill include benthic algae, macroinvertebrates,
and fish These resources are present in both Clear and White Creek occurring in the entire area
of impact (Clear Creek: 2,560 ft long and 79.4 ft wide; White Creek: 1,174 ft long and 60 ft
wide). There was a change in the benthic algae community that occurrentiiaely after the
spill as a response to the change in water quality. A decrease in primary productivity was noted
downstream of the spill site. Algal communities may be affected as long as oil continues to seep
into Clear Creek. Benthic macrovinvertetes were also affected and sampling between 2002

3-3
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and 2006 showed lower index scores (e.g., taxa richness, EPT richness) indicating injury in the
macroinvertebrate community during low water flows in Clear Creek. Fish, including redbreast
sunfish and rock dss, were exposed to oil in the area of impact and showed evidence of
sublethal stress (e.g., organ dysfunction and reduced condition indices). Impacts on reproduction
were also observed but only immediately following the spill. The Trustees concluddustihat

were affected in the impacted area from the spill site to Barnett Bridge.

Every canopy tree, most of which were oaks, in the burned area was killed. Few trees
have resprouted because of the damaged root systems and the badly burned soiff]ited du
surface horizons. Fireweed, a native weed that dominates disturbed sites, comprises the majority
of the growth in vegetation since the spill.

3.2.2 Centennial Park, Crossville, TN

The riparian buffer in the headwater stream in Centennial Rades from spotty and
composed mostly of nenatives to no canopy and mostly mown grass and weeds. The instream
habitat is poor, consisting of silt and weedy aquatic vegetation in the upper sections and some
viable natural substrate in the lower sectiarBir, pers. comm., 2007).

During informal consultation wtih the USFWS, it was determined that there were no
threatened or endangered species in the headwater stream in Centennial Park, Crossville that
might be affected by the proposed restoration ptojébe park is highly developed and
maintained (mowed grass, ball fields, paved parking areas, etc.) and is surrounded for miles by
suburban development. Representatives of the TWRA visited the site in July 2007 and did not
note the presence of any spe@es$abitats of concern.

3.2.3 Golliher Creek, Morgan County, TN

In its current condition, Golliher Creek does not support fish and other aquatic life
because of the high acidity levels. Secondary production, an important ecological service of a
headwate stream, is limited as a result of the degraded aquatic community. Benthic algae, fish,
and macroinvertebrates will return to streams when the pH of the water returns to baseline
conditions.

3.3 Cultural Environment and Human Use
3.3.1 Obed WSR

There is eidence that prehistoric Native American cultures used the gorges and bluffs
along the Obed WSR as early as 12,000 B.C. as hunting grounds (NPS, 1994). Approximately
400 years ago, Native American groups of the Historic Period claimed the Obed WSR as tribal
territory. The last prehistoric cultural period, known as the Mississippian period, saw an influx of
different tribes in the region. From roughly 1300 to the-a800s, tribes such as the Creek,
Chickasaw, Choctaw, Shawnee, Yuchi, and Cherokee all bémessito the Obed River. These
tribes could not farm the land surrounding the river however, due to its poor farming soil and
steep bluffs. As a result, the tribes used the area for hunting and gathering, and on many



Damage Assessmeantd
Restoration Plan

occasions used the sandstone bluffsshslter during inclement weather. During the 18th
century, a group of European white males migrated through the Obed area. They were called
"Longhunters," and they were in the area primarily to hunt and fish. Like the Native Americans
before them, they dichot make their homes at the Obed, but used the sandstone bluffs as
shelters. Europeans settled on the Cumberland Plateau around 1800 and used the land for
agriculture. Archaeological studies identified 13 culturally significant sites, ten of which were
prehistoric rock shelters. The remaining three sites were associated Wigmd®d' century
farmsteads and industries (NPS, 1994). It is unlikely federally controlled sites were affected by
the oil spill, however, private and/or state archaeologicali@lltsites were disturbed by the
response effortOesJean, 2002).

With the excellent water quality, scenic canyons, deep swimming holes, and whitewater
rapids, the park supports a variety of outdoor recreational activities, including whitewater
paddling, rock climbing, hiking, swimming, fishing, and sightseeing. Many visitors are
particularly attracted by the remote wilderness experience offered by the park, as there are no
roads along the rivers and few signs of civilization (IEc, 2003b).

Five bridgesspan rivers and creeks within the park, allowing visitors access to the water
and serving as focal points for recreation. A brief description provided by Industrial Economics,
Inc. (2003b) of the four bridge access points potentially affected by théodpils:

Barnett Bridge The Barnett Bridge access to Clear Creek includes two to three primitive
camping sites, pit toilets, a bulletin board, and a small, unpaved parking area with space for
approximately ten to twelve cars. Recreational activities aan@&t Bridge include paddling,
fishing, picnicking, camping, and swimming (a swimming hole with a tree swing is located
approximately 500 yards downstream from the bridge).

Jett Bridge The Jett Bridge access to Clear Creek includes a bulletin boatdjlets,
picnic tables, fire pits, and a paved parking area with space for approximately ten to fifteen
vehicles. Recreational activities at Jett Bridge include paddling (Jett is a popuilaraodt take
out area), fishing, picnicking, and swimming (goptar swim hole, known as "Slant Rock" is
located just upstream of the bridge).

Lilly Bridge: The Lilly Bridge access to Clear Creek includes a bulletin board, pit toilets,
and a partially paved parking area with space for approximately 25 vehiclesatiee
activities at Lilly Bridge include paddling, fishing, swimming, and sightseeing. A number of
popular swim holes are located near the bridge, and the view of Clear Creek Canyon makes the
Lilly Bridge area attractive to sightseers.

Nemo Bridge TheNemo Bridge access on the north shore of the Emory River includes a
bulletin board, changing rooms, pit toilets-1® picnic tables and fire pits, and a large parking
area with space for approximately-80 vehicles. In addition, Nemo Bridge access ptesi
approximately twelve primitive camping sites on the south shore of the river and additional day
use parking. Recreational activities at Nemo Bridge include paddling, fishing, swimming,
picnicking, hiking, and camping. A number of popular swim holegared just downstream of
the bridge, outside of the park boundary.
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The visitor use component of the Obed WSR was affected by the spill as many of the
activities that occur frequently within the
contamination. A section of Clear Creek was closed from July 2002 through February 2003, and
an estimated 509 fishing days and 400 paddling days were lost. A survey revealed that 78% of
visitors who had completed the survey indicated that they were negathgdgted by the spill.

The ongoing release of oil into Clear Creek during low flows continues to impact visitors,
whether their intended activity is fishing, swimming, or boating.

3.3.2 Centennial Park, Crossville, TN

Centennial Park, managed by thigy®f Crossville, TN,was built in 1992 and consists
of 67 acres. The park facilities include four aekited softball fields with field house and
concessions, five youtkized softball fields, a regulation baseball field along with field house
and concssions, two lighted picnic pavilions, 1.5 miles of paved walking and bicycle trails,
combination basketball and tennis court area, regulaied double tennis court, 24 horseshoe
pits, four sand volleyball courts, a large child play area with sand paxsayground designed
specifically to accommodate children with special needs, and ample parking.

Consulations were initiated with the State Historic Preservation Office and Tribal
governments on the potential for impacts to cultural resources inatthe Pased on these
consultations, there are no known cultural resources in the park.

3.3.3 Golliher Creek, Morgan County, TN

Crab Orchard Creek was once a heavily used site for whitewater fishing enthusiasts.
However, the poor water quality due to th®B contamination from several of its headwater
creeks (e.g., Golliher Creek included) has limited recreational fishing. Many of the fish species
have disappeared from the creek as result of the high acidicity levels. Golliher Creek is not a
high public usesite; however there have been some concerns with human safety on the uplands
of the creek. The steep high wall of the mine against the hillside is hazardous and piles of
unstable mine debris are unsafe for climbing.

3-6
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4.0 INJURY ASSESSMENT
4.1 Introduction

Thegoal of injury assessment under OPA is to determine the nature and extent of injuries
to the natural resources and services. This determination provides a technical basis for evaluating
the need for, type of, and scale of restoration actions. Under therOPg ul at i ons, nior
defined to include fAan observable or measur a
i mpair ment of a natur ag 990x3e)sToustees are respansiblecfe 6 (1
determining whether or not there is exposurenoadverse change to natural resources as a result
of oil contamination or injury to a natural resource as a result of response actions. To proceed
with restoration planning, trustees also quantify the degree and extent of injuries. Injuries are
guantifiedby comparing the condition of the injured natural resources or services to baseline.
AfBaselineo is defined as Athe condition of t
existed had the incig8896.8). not occurredo (15 CF

4.2  Overview of Preasessment Phase Activities and Findings

The data collected during the Preassessment Phase were necessary to determine the
extent of injury to Clear and White Creeks and decide if restoration planning is appropriate.
NPS, USFWS, TDEC, Oak Ridge National Ledtory (ORNL), and the Tennessee Valley
Authority (TVA) participated in the collection of samples for analysis that began days after the
spill and continued for the next six months. The following sections describe the studies
conducted to assess the likelod of injury to the resources impacted by the oil spill. The
resources and services that were evaluated include water, sediment, soil, biota, terrestrial
vegetation, and visitor use. A more detailed description of the following studies is presented in
the Preassessment Phase Report (Research Planning, Inc., 2003) located in the Administrative
Record.

4.2.1 Water Quality

Water quality monitoring of both Clear and White Creeks was conducted to document the
oil concentrations over time and distance ddve@mn from the release site, as well as to
complete a fingerprint analysis to document the source of the oil contamination. Surface water
grab samples were collected from Clear Creek and White Creek in July, August, and October
2002, as well as October 2Z00_ocations were chosen to represent water quality upstream of the
spill site, at the site where the oil was discharged into the creeks, and downstream of the site to
monitor the spatial extent of exposure. Water samples were analyzed for polynucleaicarom
hydrocarbons (PAH), metals, semivolatile organic compounds (SVOC), volatile organic
compounds (VOC), EPA target analyte list of 23 metals, alkanes, and total petroleum
hydrocarbonisdiesel range organics (TPBRO).

Water samples collected in July,udust, and October 2002 and analyzed by the
Louisiana State University showed evidence of contamination by oil that was fingerprinted as
matching the source oil from the oil well (Research Planning, Inc., 2003). Additional water
samples collected in Octab2003 also showed contamination with PAHs that were a match with
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the source oil. The sampling efforts and analyses indicated that there were impacts to water
quality resulting from the oil spill and fire, from the point of release on each creek andiregtend
at least to Barnett Bridge.

NPS andUSFWS personnel routinely surveg Clear Creek and White Credlring the
summer, fall, and winter of 200&nd early 2003 for evidence ofled substrates and surface
sheening. Swey efforts included snorkelingand videotaping the substrate and biota
encountered. Stream substratesre disturbed to determine oil emergeaceas and shorelines
were alscsurveyed for residual free product and areas of paraffin accumulation.

4.2.2 Sediment Quality

In July and AugusR002 sediment samples were collected from Clear Creek and White
Creek representing unaffected upstream or background sites, points of oil entry into the creeks,
and downstream sites. These samples were analyzed for SVOC, VOC, metals, aD&OPH
Sedimentsamples were also collected from three locations along Clear and White Creeks in
August 2002 to be tested for alkanes and PAH. A third round of sediment sampling in October
2002 was completed asdamples were analyzed fofratkanes, PAH, metals, and VOC.

Based on sediment sampling conducted in 2002, sediments in Clear Creek showed
evidence of contamination from the oil spill, with elevated TPRIO concentrations in
sediments from the point of entry site to Barnett Bridge. Although there is potentahtorued
sediment contamination from ongoing oil seepage into Clear Creek, the Trustees proposed to
assess sediment injury in terms of impacts to the benthic community, as reflected in
contamination of mussels and crayfish and the health of the bentricoimeertebrate
community. Therefore, no additional injury assessment studies of sediments were completed.

4.2.3 Benthic Algae

Benthic algae are important indicators for changes in water quality as they are attached to
the substrate and respond rapidlychemical or physical disturbances within a stream system.
Natural substrates were sampled and artificial substrates were deployed in Clear Creek upstream
from the spill site, at Barnett Bridge, and at Jett Bridge (downstream of spill site) in October
20 (Pennington and Associates, Inc. 2003). The artificial substrates were removed two months
later and analyzed for chlorophyll and dste dry weight. The samples from the natural
substrates were analyzed for species present, number of individuals ges,sped calculation
of metrics of biotic integrity.

The results indicated that the natural substrate sampled in October 2002 appeared to be
similar among all three stations sampled. The December 2002 samples analyzed from the
artificial substrates indated a change in the number of species between locations, with the
highest number of species found at the upstream location in Clear Creek (Pennington and
Associates, Inc. 2003). These data suggest a change in the algal community as a possible
response tahe water quality impacts in Clear Creek after the oil spill. Therefore, the Trustees
used these data to assess the injury to benthic algae in terms of changes in primary production,
which is the lowest trophic level in the stream ecosystem.
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4.2.4 Macroinvertebrates

Impacts to benthic macroinvertebrates were assessed during the Preassessment Phase by
three types of studies: 1) mussel sampling in August and October 2002 for chemical analysis of
tissues to measure the bioavailability of the oil; 2) bentioaitoring conducted in October 2002
and 2003 to compare benthic species abundance and diversity between oiled and unoiled areas of
Clear Creek; and 3) collection of crayfish samples in May 2003 (however, the samples were not
analyzed until 2006).

All mussel tissues collected and analyzed in 2002 showed low or no detectable PAH.
During August 2002 surveys, female mussels were observed ejecting from the sediments near the
spill site and moving to a different location (seen by a trail left on the subsyréte Inussel),
possibly indicating that the mussels were trying to relocate intgpothated sediments.

The benthic macroinvertebrate community data collected in October 2002 showed
impacts to the benthic macroinvertebrate communities in Clear Credkefarea above Barnett
Bridge but not as far downstream as Jett Bridge (Research Planning, Inc., 2003). The degradation
of bent hic community health -5un0ppCdretairngCroe ewkhe
previously was fully supporting and considetede a reference stream.

The results of the October 2003 benthic macroinvertebrate sampling indicated that the
benthic community in the area just above Barnett Bridge had returned-spilblevels by late
2003. A new site 0.4 miles downstream of BatrBridge was sampled in October 2003 to
determine the downstream extent of impact, and this site was also normal in terms of its benthic
community in late 2003. Sheens were released from both sites above and below Barnett Bridge
during the October 200&mpling efforts.

Based on the above data collected, the biological condition at the Jett Bridge site before
and after the spill was considered to be-mopaired. Benthic index scores showed an impact
immediately downstream of the spill site in 2002 bat in 2003. In summary, impacts to the
benthic macroinvertebrate communities were detected in Clear Creek for the area above Barnett
Bridge but not as far downstream as Jett Bridge.

4.2.5 Fish Community Health

Fish were collected, counted, and observed famelies in 2002, 2003, and 2004 to
determine the Index of Biotic Integrity (IBI) metric for Clear Creek. Similar data were available
from 1996 and 1998, allowing tirreeries comparison of before and after the spill event. The IBI
is a fish community asse&sent where species are assigned to trophic guilds and anomalies are
noted in order to obtain a score based on values assigned to the Cumberland Plateau Ecoregion.

TDEC, TVA, and ORNL collected fish for analysis at two reference sites and two oiled
sites(Barnett and Jett Bridges) in 2002 (Fig. 2). For a portion of the 2002 samples, preliminary
analysis were conducted which indicated injury at various levels of biological organization to the
health of both rock bass and redbreast sunfish (sentinel iod&aecies) collected from the oll
spill site (Adams et al., 2003).
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No fish kills were reported during the oil spill and response. The IBI scores calculated for
locations upstream and downstream of the spill site in Clear Creek were compared to scores
assigned to the same areas in previous years. The only decrease observed between sampling
times was for the upstream location at Norris Ford. The scores for fish collected at Barnett
Bridge, downstream of the spill site, gave no indication of having an infimaa the oil spill
event. The IBI scores were all rated as good or good/excellent with the exception of the upstream
2002 collection, which was rated fair/good.

The initial data collected from the fish collections in August 2002 indicated that rogk bas
may be the species most affected by oil exposure (Adams et al., 2003). Rock bass collected near
Barnett Bridge in Clear Creek experienced lower viseswatatic index, livesomatic index,
and reduced feeding index as compared to redbreast sunfish gswtcker. All three species,
rock bass, redbreast sunfish, and hogsucker had higher leukocrit values indicating a weakened
immune system. A depressed immune system in fish increases the chance of disease and
parasites.

In summary, it is likely that ther@ere no acute impacts to fish communities resulting
from the spill. However, there were indications of -¢etithal impacts to fish health that could
lead to reduced survival, growth, and reproduction.

4.2.6 Forest Vegetation and Soils

A forestry study wasonducted to document impacts to the forest structure by sampling
vegetation within the burned site and a nearby reference site (Jenkins, 2003). Preassessment
Phase field sampling was completed in January and February 2003. The diameter at breast height
(dbh) and height of all woody stem species greater than or equal to 1.4 m in height were
measured and their condition was assessed. Basal area and density were calculated for all living
and dead woody stems greater than or equal to 2.54 cm dbh. Densityeasisred for stems
less than 2.54 cm dbh. The age of the overstory trees were also determined.

Soil samples were collected in July and August 2002 and included a reference site located
in the woods southwest of the well, as well as samples between lthenai¢he cliff. Samples
were collected between the cliff edge and Clear Creek, as well as in the area between the cliff
edge and White Creek. The samples were analyzed for SVOC, VOC, metals, arfioRTPPH
(EPA, 2003). Another round of soil samples wereleodéd throughout the burned forest
community in February 2003 that documented the changes in fire severity and oil saturation.

The forestry study results showed high mortality of the vegetation in the footprint of the
two slope areas (on both Clear Gremd White Creek) affected by the oil spill and fire. The soil
was severely impacted by the oil spill and fire. The oil saturation and fire caused the loss of the
fine roots, the seed bank, and the sources of vegetative reproduction, which will slogvyetov
the burned area. The fine roots are responsible for the uptake of water and nutrients and their loss
could greatly impact surviving trees.
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4.2.7 Riparian Wetlands and Habitat

During the Preassessment Phase, alderitaget ani st
conducted surveys of the riparian habitat adjacent to and in Clear Creek, from the spill site to
Barnett Bridge. Dead and stressed vegetation, consisting primarily of American water willow,
Justicia americanawas observed along Clear Creek. nylaoccurrences of the royal fern,
Osmunda regaliswhich also occurs along the banks of Clear Creek, were observed to be
damaged and dead. The botanist observed a coating of oil on the leaves on some surviving
individual plants. Woody plants observed @thwat er 6 s edge did not appe
for browning of the leaves where the plant came in contact with oily water.

4.2.8 Visitor Use

Visitor-use reports were compiled to document the potential impacts of the spill on park
visitors during andafter the spill event. Qualitative visitoise surveys were completed between
July and August 2002 and between August and September 2002 that documented response
events that may have affected park vishetoros
timing and geographic extent of closures and warnings for Clear Creek, and the appearance of
the oil were recorded. This information was researched and compiled into a single document for
future economic valuation work (Industrial Economics, Inc., 2R03a

A total of 118 visitors completed an informal NPS visitor survey. The surveys revealed
that 41% of the respondents could not participate in their intended activity; however, 85% of
these respondents could participate in their activity at an altdotat@éon. Seventgight percent
of visitors who completed the survey were negatively impacted by the spill, with 33% being
Aslightlyo affected, 29% Aimoderatelyo affecte

A quantitative study was completed that produced beselstimates of visitor use at the
Obed WSR prior to the oil spill. Visitor use at four bridge access areas in the park was calculated
using visitation patterns observed by an experienced NPS Obed law enforcement ranger. It was
estimated that the averagamber of fishing visitors per day at Barnett Bridge and Jett Bridge
between 20 July 2002 and 31 October 2002 (the end of the fishing season) were 7 people on
weekend days and 4 people on week days (Industrial Economics, Inc., 2003b). It was also
estimatedby NPS personnel that approximately 400 paddling days would have occurred on the
closed section of Clear Creek between 20 July and 6 February 2003 (when the closure was lifted)
in absence of the spill (Industrial Economics, Inc., 2003b).

4.2.9 Information Mana gement

The USFWS provided Geographic Information System (GIS) data management support
to the Trustee Council during the Injury and Restoration Assessment Phases of the NRDA
project. The work consisted of gathering spatial data on all sampling and olosestations
within the Clear Creek watershed. All analytical data were entered into a relational database and
linked with the spatial database. The GIS database was used by the Trustee Council and
researchers in the conduct of NRbélated assessments.
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4.3  Injury Assessment Strategy

Based on the data collected during the Preassessment Phase, the Trustee Council
determined three categories of injury: 1) forestry resources; 2) stream resources; and 3) lost
visitor use. To determine the restoration optiappropriate to compensate for the injury, the
Trustees were required to quantify the nature and extent of the injury. Each injury assessment
study focused on determining both the magnitude of the injury (i.e., amount of biomass lost or
reduction in strearhealth) and the time to full recovery. Two approaches were used for injury
guantification: benefits transfer and habitat equivalency analysis (HEA). Benefits transfer
involves using economic values that have been previously estimated and reportedirig exist
studies to address similar issues in other contexts. Thatidagenonetary values from existing
economic studies are combined with sifeecific data on the number of days lost to estimate the
total ecomomic value of the loss (NPS, 2003). HEA isnethodology used to determine
compensation for injuries to resources such as forestry and stream resources. The principal
concept underlying the HEA method is that lost habitat resources/services can be compensated
through habitat replacement projects byvyding additional resources/services of the same type
(NOAA, 2000).

Under the HEA method, trustees determine the injury using metrics that can be used to
scale appropriate compensatory restoration options. The size of a restoration action is scaled to
ensure that the present discounted value of project gains equals the present discounted value of
interim losses. That is, the proposed restoration action should provide services of the same type
and quality, and of comparable value, as those lost duguty (INOAA, 2000). The losses and
gains are discounted at a standard rate to express future quantities in present terms based on the
concept that present services are more valuable than future services. The selection of the
metric(s) to quantify the injurgnd scale restoration options is key to the successful application
of the HEA method.

Using the HEA method, the injuries are quantified in terms of the percent loss of
ecological services (compared to 4@l baseline levels) and the rate at which Ithet services
recover over time. Figure 3 shows a hypothetical curve of the reduction in services for a habitat
after an incident and the expected rate of natural recovery. The inputs into such curves for each
injured habitat are: 1) the percent lossservices immediately after the incident; and 2) the
percent of baseline services at key points in time after the injury. For example, the ecological
services of an injured forest as measured by lost biomass might be reduced to 25 percent of
baseline duringhe period from the spill to when vegetation started to return. Recovery would be
a function of the rate of oil degradation in the soils and the accumulation of biomass as the
vegetation repopulated the area. By the end of the first growing seasongvibessmight be
predicted as 65 percent of baseline; by the end of the second year, services might be predicted to
have returned to 90 percent of baseline; full recovery might be predicted to occur at the end of
the growing season of the third year follogithe injury. The injury or lost interim services is
then quantified using a term called a discourgedviceacreyear (i.e., the value or amount of
services provided by one acre of habitat over one year). For the above example, if the injured
area was Ahcre, the estimated injury would be 1.2 discounted seadoesyears (DSAYS). The
calculations for this example are shown in Table 1.
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Baseline is constant (with natural variability)

yf—seruices without injury (“baseline”)

Services ——»

services after injury

Vs injury event

Time ——»

FIGURE 3. Hypothetical curve showing the lost services after an oil spill (area represented by
t he | et t ehe expebted)rateaohrditurdl recovery, for habitats where the
baseline is constant, though undergoing natural variability.

TABLE 1. Hypothetical injury calculated for 1.0 acre of injured forest habitat.

. Average Discount Discounted Disc_ounted
Years Post Spill Year Percent Eactor’ Ave. Percent | Service Acre
Service Loss Services Lost | Years Lost

0 2003 75% 1.000 75% 0.750
1 2004 35% 0.971 34% 0.340
2 2005 10% 0.943 9% 0.094
3 2006 0% 0.915 0% 0.000
Total Discounted Service Acre Years Lost 1.184

! the gandard discount rate, 3 percent; for year 2: disc. factor = (disc. factor from Year 1, 0.971) / (1 + 0.03)
2 (discount factor) X (average percent service loss)
3 (acres injured (1.0)) X (discounted average percent services lost)

This approach was usedrfetream and forestry resources by quantifying the injury as
service acrg/ears, where a service agrear is the flow of benefits that one acre of forest or one
acre of stream habitat provides over the period of one year. For lost visitor use, losses were
calculated as the reduction in visitors to the spill zone and the diminished value of recreational
activities that occurred after the spill, expressed in dollars. Injury estimates in future years were

4-7



Damage Assessmeantd
Restoration Plan

discounted at three percent per year (NOAA, 1999) nsedh) and added to the injury in the year
of the spill yielding an estimate of total injury. All of these methods produce an estimate of direct
plus interim (from the time of injury until full recovery) loss of resources resulting from the oil.

Federal andstate scientists, and local and regional experts, including those from
Tennessee Tech University, Michigan Technological University, and ORNL, conducted the
studies for each injury category. A full description of the injury assessment methods and results
is presented in resourspecific injury reports prepared by the principal investigators. In each
instance, the Trustees retained an outside expert to peer review key reports and, where
appropriate, the principal investigators revised the report to adakesseview comments prior
to approval. Final injury reports and peer review comments were then placed into the
Administrative Record, where they are available for public review $&stion 2.1.% Section
4.4 of this final Restoration Plan presents asiwary of each injury assessment, including
methods and findings.

4.4  Injury Assessment Methods and Results

The following sections describe the resul
resources as a result of the Obed oil spill. Descriptions jafiés are organized into the
following three categories: forest vegetation and soils, stream health, and lost visitor use.

4.4.1 Forest Vegetation and Soils

The results from the forest vegetation sampling that occurred during the Preassessment
Phase pnmpted a resampling of both the burned and reference site two years later-2@n 22
September 2004, within a 10 x 50 meter (m) plot, five subplots (10 x 10 m) were used to
measure the diameter at breast height for all woody stems greater than or eqcehtinéter
(cm), to identify the species (when possible), and to determine average age using tree cores.
Using an age versus diameter relationship, the rate of accumulation of forest stand biomass at the
Obed WSPburned and reference forest sites wererestd.

The current standing stock of biomass from the reference site was estimated to be 137
metric tons/hectare and the forest is accruing biomas at a rate of 0.92 metric tons/ hectare per
year. The maximum tree age in the both the burned and refdorasewas 149 years (Webster
and Jenkins, 2006). Dry forest communities (pine, oak) have adapted to disturbances such as
low-moderate intensity burns, which thins the understory and shrub layers but spares the
overstory trees. However, the oil spill andri that took place in 2002 was much more severe
than the typical disturbance regime seen in forest communities. Analysis of the site revealed that
overstory mortality at the burned sites was 100% (Webster and Jenkins, 2006). Few trees had
resprouted (<186) within the two years following the spill/fire, and those that had were closer
to the edge of the forest where the burn was not as severe. The soil litter, duff, and surface
horizons were burned away and the soil seed bank was destroyed. Mychorriraet aydtems
were Killed so that trees could not resprout from their roots following the burn.

The soil sample analysis showed a decrease in alkane and PAH concentrations by 80%
from February 2003 to September 2004 (Webster and Jenkins, 2006). Becdbse rapid
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breakdown of hydrocarbons, it is unlikely that the compounds will inhibit future forest
regeneration after the site experiences some inithaegetation by early successional species.

The recovery period for the burned forest was estimated) ysevious studies on the
recovery times of both post disturbance succession of vegetation iagvmstiture fields (614
years) and strip mine areas {86 years). Webster and Jenkins (2006) estimated that the severity
of the spill and fire on the OdaNSRforest community was likely to be more damaging than old
agricultural fields but less damaging as compared to strip mine areas. It was estimated that there
would be a 25/ear time lag before woody species began to reestablish on the site and initiate
normal stand development. However, the establishment of the herbaceous $feciatites
hieracifolia (E. hieracifolig fireweed), a native weed that dominates heavily disturbed sites, has
covered over 10% of the burned forest ground (Fig. 4) sincepiieoccurred (Webster and
Jenkins, 2006). As part of a primary restoration effort, the NPS will implement an invasive
vegetation control plan at the beginning and end of at least two growing periods that would
increase the rate of recovery of the nattwatst vegetation. With the amount Bf hieracifolia
growing within the burned site and the NPS primary restoration effort, it was estimated that 5%
of biomass would accrue incrementally within the first 25 years following the spill.

Based on the rataf biomass accumulation and the age structure of the reference forest, it
is estimated that it will take 172 years for the forest to return tegilebiomass standing stock.
The recovery curve for the burned forest is shown in Figure 5. The curveewglsped with a
logarithmic equation that used the slope and intercept of the observed relationship between the
rate of biomass accumulation and the age of the forest to determine the return of services. The
inputs to the recovery curve can be found in é&mtix A, Table 1. Using the HEA model and the
injury curve, the injury for the 0.74 acres of burned forest was 24.3 DSAYs (Appendix A, Table
2).
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FIGURE 4. The oiled and burned slope just above Clear Creek. Note grovidhhaéracifolia
a native weedhat dominates sites after heavy disturbance. August 2004.
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FIGURE 5. Recovery curve for the forest vegetation and soils. In the first 25 years, only 5% of
services returned in the form of early successsional species. Natarad
development was estimated to occur 25 years after the spill and reaspillpre
conditions 172 years after the spill.
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4.4.2 Stream Services

The injury to stream services was estimated using the data collected from several studies
gathered duringhie Preassessment Phase (see sedtrOverview of Preassessment Phase
Activities and Findingsand the Injury Assessment Phase for the following resources: benthic
algae, benthic macroinvertebrates, mussels, fish, ground water/geologic resources) riparia
wetlands and habitat, sediment quality, and surface water quality. The injury assessment for each
resource is discussed below.

The temporal and spatial component of the oil contamination was critical in determining
the injury to the stream services.éldata collected during the Preassessment Phase indicated
that the spatial extent of the impacted stream area was from the spill site in both Clear Creek and
White Creek to the pool located just below Barnett Bridge. Based on the GIS data compiled by
the USFWS, the total length of injury for Clear Creek was 2,560 feet (ft), with 1,320 ft from the
release site to the first riffle and 1,240 ft from the riffle to 500 ft below Barnett Bridge (since the
site 2,000 ft below the bridge was not affected, basedhe@miacroinvertebrate sampling). The
total length of injury for White Creek was 1,174 ft.

The temporal component of the spill was more difficult to determine. The Trustees have
documented observation of oil seeping from the bank at the spill site irdo Cleek through
June 2007 (Table 2) and are unsure of how many years into the future the seep will continue.
Based on the Preassessment and Damage Assessment data, the Trustees determined that the flow
rate of the river may dictate how much oil is relebiseo Clear Creek. In lower water flow years
(i.e., 2002, 2005, 2006), oil was observed seeping from the well into Clear Creek and water
samples showed contamination (see sedfi@al Water Quality. In 2003 and 2004, years of
higher flows, the observain of oil seeping into the Creek was not as apparent and the data
showed | ittle or no contaminati on. During the
the rocks as we stepped into the river near B
gauge was 4.5 cubic feet per second, a historic low for this date.

TABLE 2. Observations of oil on Clear Creek between 2002 and 2007.

Date Team Observations

August 2002 J. Burr (TDEGWPC) Oll, paraffin, and sheen observed; water samplertai point of
and Tetra Tech entry had extremely high PAH concentrations (24,100 ppm)
indicating that the sample included some floating oil; oil appea
to be fresh with a PAH pattern that matched the oil from the we
indicating that fresh oil continued to seep olthe creek bank in

late August.
October 2002 | J. Burr (TDEGWPC) Sheen observed upstream of Barnett Bridge during benthics
collection.
May 2003 Williams, Bivens, Carterp Oily sheen rising from rocks in Clear CreatkBarnett Bridge as
(TWRA); Bakaletz, they were overturned during crayfish sampling.
Hudson, Williams
(NPS)
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Date Team Observations

October 2003 | J. Burr (TDEGWPC) Oil seen on substrate during benthic collections, just upstream
Barnett Bridge.

August 2004 J. Burr (TDEGWPC), J. | Water/sediment sampling; sheen observed at spill site and in g

Michel and H. downstream of spill site. Oil observed behind the boom.
Hinkeldey (RPI)
June 2005 G. Harper (Emergency | Oil observed seeping from the creek bank into the boom; more
Response, Weston than a sheen had collected in the boom; sheen was also noted
Solutions, Inc.), M. outside and adjacent to the boom on Clear Creek.
Hudson (NPS), N.
Helton (NPS)
August 2005 S. Bakaletz and S. A blob of paraffin that had the cosstncy of grease
Ahlstedt (NPS) (approximately 6 inches in diameter) was observed washed on
rocks with | eaves attached i
August 2005 A. Mathis and M. Sheen and paraffin observed just downstream from the last riff
Hudson (NPS) before the spill sitenithe rocks and detritus along the water's
edge; rainbow sheen observed all over the pool at the site; she
was solid and colorful throughout the pool; within the boom, the
surface of water had a thick orange and yellow substance and
occasionally, a solidurface of paraffin covered the water;
downstream of site more sheen was observed in both the closg
riffle to the site and the next riffle downstream.

October 2005 | J. Burr (TDEGWPC) Sheen observed in pool at spill site, in riffle downstream of spil
site, and at the next pool downstream of spill site; oil was obse|
behind booms while collecting benthics.

November 2005 B. Peacock (NPS) and | Gas leaking at the well site.

D. Anderson (EPA)

June 2006 A. Mathis (NPS) Observed oil seeping out from poiftentry.

July 2006 A. Mathis (NPS) Oil andsheerobservedvithin booms, sheen observedtside of
the boomsorange iron bacteria and yellow/orange paraffin alsa
present; oil saturated absorbent pads observed.

August 2006 A. Mathis (NPS) Oil observed @nding on the water within the boonasange iron
bacteria and yellow/orange paraffin also present; oil saturated
absorbent pads observed.

September 200¢ A. Mathis (NPS) Oil observed on absorbent pads, threads of yellow paraffin ang
orange iron bacteriaithin booms; sheen in pool outside of boon

October 2006 | J. Burr (TDEGWPC) Observed oil sheen on entire surface of pool at the spill site wh
collecting benthics, and in the riffle immediately downstream;
booms were in place but poorly maintained.

November 2006 A. Mathis (NPS); S. Obvious sheen and orange iron bacteria within booms; sheen

Spurlin (EPA) pool outside of booms (A. Mathis); waxy sheen coming from bg
minor film and yellow waxy accumulation (S. Spurlin).

June 2007 A. Mathis, R. Slight sheens observed among rocks at Barnett Bridge,

Schaansky (NPS)

downstream of pool, and within 50 ft of the seep site; no visiblg
solid paraffin.
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4.4.2.1 Benthic Algae

The decrease in the number of species at the stations sampled downstream of the spill site
(see sectiod.2.3 Benthic Alggeindicated a decrease in primary productivity in response to the
oil contamination by December 2002 (5 months after the spill occurred). Algae are a food source
for grazing fishes and invertebrates, and changes in thiecalganunity may affect some higher
trophic level species.

4.4 .2.2 Benthic Macroinvertebrates

Table 3 shows a summary of the Tennessee Macroinvetebrate Index (TMI) szores
samples collected from Clear Creek over time since the spill. The TMI score is bated on
richness, percent Ephemeroptera, Plecoptera, and Trichoptera (EPT), EPT richness, North
Carolina Biotic Index (NCBI), percedligochaetes and Chironomids (OC), percent of dominant
taxa, and percent of clinger taxa. Scores are recorded based os teltetoped for each
category (i.e., taxa richness, EPT richness) under Bioregion 68a, where Clear Creek is located
(Arnwine, 2002). A score of 10 or less is considered to besnpporting or severely degraded,;

a score between 10 and 31 is consideredet@adntially supporting or slightly to moderately
degraded; and a score greater than 32 indicates a fully supporting-degraaded community.

Table 3 also shows the flow conditions in the watershed for the period of July through September
each year, sincewater levels for this period have a direct influence on the benthic
macroinvertebrate community sampled in early October.

TABLE 3. TMI scores for benthic macroinvertebrate samples collected from Clear Creek since
the spill in July 2002. A score >32 imdites a fully supporting community.

: Barnett Bridge River Flow
Sample Date (uplgt? :gaer:]l;?r;jpill) R'ﬁlgei?olow (downst_reangJ of Conditions
spill) (July-Sept)
October 2002 38 - 20 Low
October 2003 40 - 40 High
2004 - - - High
October 2005 34 18 24 Low-Moderate
October 2006 34 26 36 Low-Moderate

Table 3 shows that benthic macroinvertebrates were injured in October 2002 at Barnett
Bridge but had returned to pspill levels in October 2003. Samples taken upstream and further
downstream (Je#iccess) were determined to have a healthy benthic community.

Benthic samples were collected outside of the NRDA in 2004 at Hegler Ford, Barnett
Bridge, White Creek, and Jett Bridge as part of separate study (Goodfred and Cooke,
unpublished data, cited @ooke, 2006). The TMI scores from these samples showed that none
of these sites were impaired. This was likely due to 2004 being dlbwlyear. As part of the
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NRDA studies, samples were collected in October 2005 and 2006 at the standard upstream
location (Hegler Ford) and two downstream locations (at the first riffle below the seep and at the
standard location at Barnett Bridge). The data through 2005 were analyzed by Cooke (2006) who
concluded that the reference and Barnett Bridge impact sites hdar $iabitats, as well as good
scores for sediment deposition and embeddedness, and thus could be used to detect impacts from
the spill. The apparent recovery with the higgw conditions of 2003 and 2004 was reversed
during the lower flows in 2005 (Tab®). EPT richness, percent EPT, and percent clinger scores
were also lower in the 2005 downstream samples than in the 2003 samples. EPT and clinger taxa
are both sensitive to environmental disturbance. The downstream 2005 samples had higher
percent OC value which seems appropriate because Oligochaetes and Chironomidae larvae are
considered to be more tolerant to stream disturbances than Ephemeroptera, Plecoptera, or
Trichoptera. Cooke (2006) concluded that, during normal and high flow events, benthic
commuities at the Barnett Bridge sites appear -mopacted, but may be influenced by
increased contact with oil during low flows.

In 2006, when flows were very low in July and moderate in August and September, the
riffle below the seep site showed injury Bl@a 3). According to analysis of the data by Burr
(2006), the total taxa numbers dropped from 32 at Hegler Ford (the control site) to 21 at the spill
site (a loss of 1/3 of the taxa). The % OC (% of the sample made up of oligochaete worms and
chironomids)rose sharply at the site immediately downstream of the spill zone. This is a
negative metric, so a higher value means more impact. The sample at the site below the seep was
dominated by worms of the Gendais which have been noted to have an affinity for
petroleum. There was ori¢ais in the Hegler Ford site sample, and five in the Barnett Bridge
sample, buNaiswas the dominant organism at the site immediately downstream of the seep (49
individuals out of 199 total organisms subsampled, or 25% of thencoity). The NCBI was
significantly higher at the site below the seep (5.51) than at Hegler Ford (4.29) or Barnett Bridge
(4.11). It is another negative metric; the higher the value, the more tolerant to pollution the biotic
community. The % Clingers, whicrefers to the % of taxa that build fixed retreats or have
adaptations to attach to surfaces in flowing water (as opposed to burrowers or sprawlers),
declined by about 60% at the spill zone site compared to the control site at Hegler Ford. Clingers
dependbn stable, sedimetftee or contaminariree substrates.

Mussel tissue sampled in 2002 had no detectable PAH and a qualitative mussel survey in
August 2005 did not provide any evidence that mussels were affected by the oil spill. Crayfish
collected in Mg 2003 were also analyzed for PAH and no oil contamination was observed. The
results of a mussel population and reproduction survey in 2005 were inconclusive since there
was limited reproduction and recruitment in both the reference and impact studyklstedt
and Bakaletz, 2005). The Trustees conducted a second mussel tissue sampling study in June
2006. Lampsilis fasciola,wavyrayed lampmusselsind Villosa iris, rainbow mussels, were
collected from Clear Creek above the spill site (reference sitd)fram Clear Creek at the
junction with White Creek (impacted site) to determine if organ tissues showed lingering effects
from the oil. The results of the study were inconclusive (Henley, 2007). There were no
biologically meaningful differences betweenethissues of mussels from the impacted site
compared to the mussels from the reference site. However, because of a small sample size due to
trematode infestation on mussels at the reference site, it was difficult to draw firm conclusions on
the effects ofingering oil.
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In summary, the benthic macroinvertebrates were impacted initially after the release of
oil into the stream. In the years following the spill, benthic macroinvertebrates between the spill
site to just below Barnett Bridge appear ampacte during highflow years, but may become
impacted when the oil seepage rate increases durinfdemperiods during the summer months
(Cooke, 2006).

4.4.2.3 Ground Water/Geologic Sources

The oil well was observed by TDEC staff in November 2006, and it didppar to be
leaking. The well was observed to be leaking in the summer (2006) at aboupahptr day.
There is some hypothesizing that the leak may be temperature influenced (D. Mann, TDEC, per.
comm., 2006).

4.4.2.4 Riparian Wetlands and Habitat

No further studies were conducted on riparian wetlands or habitat after the sweareys
completed irthe Preassessment Phase. The Trustees assume that injury to the riparian vegetation
and habitat along Clear Creek was evident only within the first year folipthie spill and then
returned to baseline services in the following year.

4.4.2.5 Sediment Quality

Evidence of oil contamination was found in sediment samples collected within Clear
Creek downstream of the spill site in 2002 and 2004. This indicates an ongjeiage of oil into
the river system and accumulation in sediments. The Trustees assume injury to stream services
and biota from sediment contamination will continue as long as oil continues to seep from the
creek bank into Clear Creek.

4.4.2.6 Surface Water Qudity

Water samples taken in 2002 and 2003 in Clear Creek showed evidence of oll
contamination. Because oil continues to seep into Clear Creek, the Trustees assume that surface
water quality will continue to be affected.

4.4.2.7 Fish Resources

Two sentinel fik species, redbreast sunfish and rock bass, were studied over-ygetiree
period (20022004) to assess and evaluate the possible effects of the oil spill on the health and
integrity of fish populations in Clear Creek (Adams et al., 2007). An integratoredizator
approach, measuring a suite of selected biological responses at several levels of biological
organization from the biochemical and physiological levels to the individual and population
levels, was used to assess the potential effects of tepilbibn the health and integrity of these
two sentinel fish populations in Clear Creek. The results indicated that both species from the
Barnett Bridge site were exposed to oil and had sublethal stress (based on organ dysfunction and
reduced condition ihices) as a result of that exposure in 2002, compared to upstream control
sites. Impacts on reproduction were observed in 2002 near the end of the breeding season for
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these species but not during the 2003 or 2004 breeding season. Levels of most stigeshal s
responses that were observed in 2002 declined or were reduced dramatically in 2003 and 2004.
Based on these studies, the Trustees concluded that there were no impacts to fish populations as
a result of the spill; however, there was evidence of suddleffects from the spill site to Barnett

Bridge in 2002.

4.4.2.8 Summary of Injury to Stream Services

Using the Preassessment and Injury Assessment study results, the Trustees determined
the percent of baseline services at key points in time to create thedajue for stream services
for both Clear and White Creeks. Table 4 shows the data that were used to determine the loss.

The Trustees divided Clear Creek into two reaches based on the level of impact from the
contamination: the Seep Site (area fromghep to the first riffle just downstream of the seep)
and the Downstream Site (area from the first riffle downstream to 500 ft below Barnett Bridge).
The former would have higher oil exposures based on the proximity to the oil release site than
the latter As shown in Table 3, the Seep Site had a lower TMI score (18 and 26 in October 2004
and 2005, respectively) than the Downstream Site (24 and 36 in October 2004 and 2005,
respectively). The injury to White Creek was calculated separately using a tluveémgecurve,
since the amount of chronic seepage into White Creek is unknown but likely to be below levels
to cause significant impacts to stream services.

In developing the injury curves for the period 2002 to 2003, the Trustees used the actual
field datn and observations of oil seepage patterns to estimate the percent reduction in stream
services, as discussed in the following sentences and described in Table 4. All three stream
reaches, the Clear Creek Seep Reach, the Clear Creek Downstream Reachjtandré®k,
were estimated to have 0% services in-Algust 2002. This was the month following the spill
and a large amount of oil had entered the stream system from both release sites. Elevated TPH
DRO levels were found in water and sediment samplesP#&H contamination was apparent.

Fish collected in August 2002 had lower viscesainatic index, livesomatic index, reduced
feeding index, and weakened immune systems. Mussels were observed abnormally ejecting from
the sediments. By October 2002, theceat of services provided by the Clear Creek Seep Reach
were estimated to be at 25% of baseline, and White Creek and the Clear Creek Downstream
Reach at 35% of baseline. The majority of the heavy oil had been removed but a constant sheen
remained. The TMWas much lower in waters downstream of the spill (score = 20) compared to
upstream sites (score = 38). EPT richness and % clingers (sensitive to disturbance) were both
low. By December 2002, the percent services present increased -bp%%Tlhe number of
benthic algae species had decreased in December collections. By 2003, higher water flows
occurred and the TMI showed no injury. However, the water samples still showed evidence of
PAH contamination and oil sheens continued to be seen during benthiciaofieéin estimated

90% of the benthic macroinvertebrate species haveyeaelife cycles (Burr, 2007). Drift from
upstream habitats would bring in nymphs and eggs, however it would take two years to fully
recover to baseline conditions in the absencelofbus, the services present were estimated at
75% of baseline for White Creek and the Clear Creek Downstream Reach (low amount of
continuing oil exposure) and at 50% of baseline for the Clear Creek Seep Reach where there was
chronic oil exposure.
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In 2004, continued high water flows appeared to flush out the system, although some
sheen was still observed during water and sediment sampling. No benthic invertebrate samples
were collected, because it was assumed that the oil seepage would slow and bemntlicites
would continue to recover. Several important taxa have life cycles greater than one year,
includingodonates (dragonfly larvae) with a42year life cycle, perilidae stoneflies with a 2 year
life cycle, megalopterans (hellgrammites) suclCasydalus and Nigronia have a 23 year life
cycle, and gilled snails, mostly the females, livé years (Burr, 2007)Considering the time for
these communities to recover, the Clear Creek Seep Reach was estimated to have services
present at 75% compared tosblne (because of continued chronic oil exposures), and White
Creek Reach and the Clear Creek Downstream Reach at 85% compared to baseline (low amounts
of chronic oil exposure).

TABLE 4. Services present in both Clear and White Creeks as compareselmbéadased on
the Preassessment Phase and Injury Assessment Phase study results.

Period

Clear Creek
Seep Reach

% Services
Present

Clear Creek
Downstream
Reach

% Services

White Creek
Reach

% Services
Present

Evidence of Service Loss

Present

Vegetation stressed and some mortality occurred; musse
ejecting from sediments (abnormal behavior); TPRO in
water samples was 4 times the background at Barnett Br
elevated TPHDRO in sediment samples; PAH contaminaj
above backgrounkdvels in sediment samples downstrean
spill; oil continued to seep out of creek bank into Clear C
in late August.

July-
August
2002

TMI showed moderate injury at Barnett Bridge with a scq
of 20 versus 38 at Hegler Ford (upstream site); E&ihess
and % clingers lowest of all sites: clingers are very sensif
to environmental disturbance; low levels of BTEX in wate
samples; higher concentrations of metals (Al, Fe, Mn) in
water samples; benthic algae showed no difference betw
upstream ath downstream sites.

October

2002 25

35 35

For benthic algae; number of species decreased in areag
downstream of spill. Upstream area had highest number
species.

Dec 200 30 45 45

Higher water flow; TMI showed Clear Creek was not
impaired at any sites, witltgre of 40 at Barnett Bridge an(
Hegler Ford; PAH contamination still observed in water
samples; crayfish samples indicated no contamination; o
sheen rising from rocks at Barnett Bridge during crayfish
sampling; oil seen on substrate during benthic ctides, jus|
upstream of Barnett Bridge.

2003 50 75 75

Higher water flows; sheen observed during water/sedime

2004 sampling.

75 85 85
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