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1.0 INTRODUCTION

From 1964 through June 1990, Texaco Petroleum Company (Texpet) conducted petroleum exploration
and production operations in an area known as the Concession area located in the Oriente District of
eastern Ecuador, Through a series of agreements, Texpet conducted its activities as part of a consortium
beginning with Gulf Oil in 1964. In 1974, the Corporacion Estatal Petrolera Ecuatoriana (CEPE), now
known as Petroecuador joined the consortium. Throughout this time period, Texpet acted as the oil field
operator for the consortium. '

In 1993, a group of Ecuadorian plaintiffs filed a class action lawsuit against Texaco in the United States
District Court, Southern District of New York (Maria Aguinda , et. al. v, Texaco, Inc.). In the Aguinda
litigation, the plaintiffs, a class of persons residing in the Oriente region of Ecuador, sought to recover
individual personal injury and property damages from Texaco (SDNY, 2010). The Aguinda case was
dismissed by the Court in May 2001, However, in May 2003, a group of Ecuadorians asserting the same
or similar claims filed the Lago Agrio litigation against Chevron in the Superior Court of Neuva Loja,
Ecuador. In the Lago Agrio case, plaintiffs are asserting claims against Chevron for environmental
remediation costs (SDNY, 2010).

In March 2007, the President of the Court in Neuva Loja appointed Engineer Richard Stalin Cabrera Vega
{Cabrera) to provide expert technical assistance to the Superior Court in the Maria Aguinda et al. case
{Case No. 002-2003). In March 2008, Cabrera produced an expert report documenting his study of the
environmental damage caused in the Concession area and his estimate of the costs for remediating
contaminated soil, groundwater, and sediment and for restoring the ecosystem, Cabrera’s total estimate
for remediating environmental damages in his March 2008 report was $2.4 billion (Cabrera, 3/2008)." In
November 2008, he issued a revised report in which he increased his estimate to remediate environmental
damages to $7.7 billion (Cabrera, 11/2008).2 '

On August 2, 2010, the Neuva Loja Court issued an order directing the parties in the litigation to submit
independent damages assessments within six weeks. The order asks the parties to ‘assess the “economic
cost” of the environmental damages documented by more than 100 expert reports and the tens of
thousands of chemical sampling results now before the court’ (Energy & Ecology Business, 2010).

14 SCOPE OF ENGAGEMENT

DouagLas C. ALLEN, P.A, (DCA) was retained on behalf of plaintiffs’ counsel in the Aguinda litigation to
assist in developing an independent evaluation and estimate of the potential costs for the remediation of
environmental damages in the Concession area in the Oriente region of Ecuador.

DCA’s task was limited to the development of potential costs for the remediation of contaminated soil
and groundwater at well sites and production stations, and sediments in waterways (e.g., rivers, streams,

" Cabrera's cost estimate in his March 2008 report was for remediating contaminated soit at the oil well platforms and production
stations to a cieanup level of 1,000 ppm fotal petroleum hydrocarbons (TPH), and compensation for loss of ecosystem,

% Cabrera’s cost estimate in his November 2008 revised report was for remediating contaminated sofl at the cil well platforms and
production stations to a cleanup level of 100 ppm TPH, remediating groundwater, and compensation for loss of ecosystem.
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marshes, ete.) associated with the oil exploration and production operations conducted by the Texpet-
Petroecuador Consortium in the Concession area,

1.2  FRAMEWORK FOR VALUATION

DCA utilized a rational and objective framework in order to develop a credible and conservative
valuation. This framework infegrates three components: (i) Ecuador’s current quality standards for
contaminated environmental media, (2) U.S. environmental legislation and programmatic guidance for
investigating and remediating contaminated sites under the Comprehensive Environmental Reclamation,
Compensation and Liability Act (CERCLA, also known as “Superfund™), and (3) standard guidance for
estimating environmental costs and liabilities developed by the American Society for Testing and
Materials (ASTM). Each of these framework components is discussed in the following paragraphs.

Ecuador’s Environmental Quality Standards. Ecuador’s environmental Jegislation and standards have
been discussed in detail previously (Cabrera, 3/2008, Appendix D; Fugro-McCelland, 1992; HBT Agra,
1993),

The primary focus for this valuation was the Ecuador standards for the protection of soil and water from
contamination by petroleum hydrocarbons associated with crude oil. Afthough sampling data from the
Concession area has indicated the presence of numerous other contaminants associated with crude oil,
(including metals, benzene-toluene-xylenes (BTEX), and polyaromatic hydrocarbons (PAHs)), to date the
target cleanup levels for soil and groundwater have focused on total petroleum hydrocarbons (TPH) as the
primary contaminant of concern (CQC).

Ecuador’s soil quality standards for TPH as set forth in Decree No. 1215, Annex 2, Table 6. Decree No.
1215 allows three permissible TPH soil concentrations: 1,000 ppm for the protection of sensitive
ecosystems, 2,500 ppm for agricultural soils, and 4,000 ppm for industrial soils. The Concession area is
located in the tropicdl Amazon forest and is likely to be considered as a sensitive ecosystem (Cabrera,
3/2008, pp. 11-13; Annex D). For the purpose of this valuation, DCA assumed a 1,000 ppm TPH cleanup
level in developing its environmental damages valuation.

It has been suggested that a TPH cleanup level of 100 ppm would afford greater protection of human
health and the environment {Cabrera, 11/2008, pp. 16). Support for 2 100 ppm level may be found in two
places. First, Petroecuador’s Project for the Remediation of Pits in the Amazon Region (PEPDA)
establishes a TPH level of 100 ppm when cleanup of TPH contamination in soils achieves 100%
environmental quality (Cabrera, 3/2008, p. 13; Cabrera, 11/2008, p. 16}, Second, although many .S,
states are moving toward chemical-specific risk-based cleanup standards, there are a few states where
TPH soil cleanup standards of 100 ppm (or less) have been established.” For the purpose of this vatuation,
DCA assumed 100 ppm as a possible alternative TPH cleanup level.

* Table § in Cabrera’s Annex D (A Review of Beuador's Environmental Quality Standards) provided a iist of 13 U.S, states of
which 6 established TPH scil standards of 100 ppm or lower. This lis{ was based on a survey conducted in 2008 and reflected
TPH regulations in effect in 2003. A review of this list by DCA indicated 3 of these states have since moved to risk-based
cleanup standards, DCA also found that Washington has a cleanup standard <100 ppm where gasoline is involved, and North
Dakota has a 100 ppm TPII scil cleanup standard.
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Ecuador’s water quality standards for TPH are set forth in Decree No. 1215, Annex 3, Table 5 which
establishes a standard of 0.325 mg/I for TPH in water (Cabrera, 3/2008, p. 12, Annex ). For the purpose
of this valuation, DCA evaluated groundwater remediation necessary to achieve the 0.325 mg/l standard.

U.S. CERCLA “Superfund” Program. While Ecuadorian environmental laws and policy may not
incorporate an equivalent of the U.S. Superfund program, it is nevertheless instructive and useful to
consider the programmatic guidance and knowledge base of information and data that has been developed
for the Superfund program in any valuation of environmental damages. For this valuation, DCA drew
upon the wealth of Superfund information and data on remedial treatment technologies and used the
Superfund evaluation framework of criteria and factors in considering the overall effectiveness, ability to
implement and costs of remediating contaminated soil, groundwater and sediments at the Concession
area.

ASTM 2137-06. Selection of an appropriate cost estimation method for environmental valuations
depends on a number of factors including the quality and quantity (i.e., the value} of the information
available or obtainable, the intended use of the estimate, and the estimator’s judgment based on their
knowledge and experience. DCA considered the value of the information it reviewed as the primary
determinant in selecting an appropriate estimation method. For the purpose of this valuation, DCA
developed its remedial cost estitnates ag a range of values from low cost to high cost, based on reasonable
assumptions. This method of cost estimation is one of five methods prescribed in ASTM E 213706,
Standard Guide for Estimating Monetary Costs and Liabilities for Environmental Matters, for estimating
environmental costs and liabilities.” The range of values method is best used where there is insufficient
information for more robust estimation methods and/or where the probabilities for various scenarios
cannot be accurately predicted.

1.3 SOURCES OF INFORMATION RELIED ON

The primary information and data used by DCA for this valuation was obtained from plaintiffs’ counsel
and included: (1) the expert reports and associated annexes of Richard Cabrera; (2) technical reports cited
in the Cabrera reports; and (3) other information and data submitted to the Court for the Aguinda
litigation. In addition, DCA obtained information and data from internet sources including: media
releases, U.S. EPA CERCLA legislation and guidance, and environmental remedial technology databases.
Finally, DCA relied on its own knowledge and experience in the investigation and remediation of
petroleum-contaminated sites. A list of the documents used by DCA for this valuation is presented in
Section 7 (Bibliography).

14  LIMITATIONS AND UNCERTAINTIES OF VALUATION

The Aguinda litigation has generated more than [00 expert reports and tens of thousands of chemical
sampling results (Energy and Ecology Business, 2010). The time constraints under which this valuation
was prepared did not permit an exhaustive analysis of the voluminous record of evidence that has been
presented to the Court. The documents reviewed and relied on by DCA represent a small percentage: of
the documents cited in the Cabrera reports and annexes and an even smaller percentage of the documents
submitted to the Court during the litigation. DCA based its valuation on the information made available

*ASTM F 2137-06 is the current version which was approved in November 1, 2006 and published in December 2006. The five
cost estimating methods are: Quoted Price, Expected Value, Most Likely Vaiue, Range of Values, and Known Minimum Value.
Descriptions of the five cost estimating methods are provided in E 2137-06,

DoucLas C. ALLEN, P.A. September 2010



during the period of engagement. The assumptions made by DCA and the resulting estimated poteniial
costs developed for this valuation are subject to change as a result of further review and analysis of
existing information and data, and/or the generation of additional information and data from future
investigations. Although standard cost estimating practices and unit cost data have been used to the extent
practicable, the remedial cost estimates developed by DCA for this valuation should be viewed as
" potential, conceptual-level estimates only. Finally, these costs are based on a generic approach; when a
final remedial action plan (RAP) has been developed and Concession area-wide remedial activities have
commenced the costs to remediate the soils and groundwater at the Concession area will likely vary
significantly among individual sites. '

15  REPORT ORGANIZATION

DCA’s valuation is presented in Sections 2 through 6, Section 2 provides & concise summary of the Site
organized into the following subsections:

. Site Setting — provides a brief physical description of the Site and the development of the oil
fields within the Site;

. Site Chronology — summarizes highlights of the operational, investigative and remedial history
of the Site; and

. Nature and Extent of Contamination— summarizes the general findings of environmental site

assessments, characterizations and investigations that have been conducted at the Site.

Sections 3 through 3 discuss the remediation of soil, groundwater, and sediment, respectively, organized
into the following subsections:

. Valuation Assumptions and Analysis — presents DCA’s assumptions and evaluation of the
remedial actions, and the associated costs for cleaning up environmental media at the Site; and;
. Results of Cost Estimation — summarizes the estimated remedial costs.

Section 6 presents a summary of the valuation of environmental damages.
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2.0 SITE SUMMARY

21  SITE SETTING

The Concession area (Site) is located east of the Andes Mountain range within the Amazon Region,
Oriente District, of northeastern Ecuador (Figure 1). The Site encompasses approximately 400,000
hectares (ha) (HIBT Agra, 10/1993, p. 2-1; Fugro-McClelland, 10/1992, p. 2-2).

Topography and Climate. The general topography of this region is composed of gently sloping land and
. flat valleys that stretch eastward toward the headwaters of the Amazon River. The surface elevation varies
from approximately 300 to 275 meters above mean sea level, sloping to the east. The vegetation of the
Site can generally be categorized as primary forest, secondary forest, cultivated fields, wetlands and
cleared areas covered with grass. The climate of the Oriente District of Ecuador is tropical characterized
by high temperatures and heavy rainfall. Rainfall in the Oriente ranges from 2,600 mm to 5,000 mm
annually. There is no dry season in the Oriente; soils are dry for less than three consecutive months
{(Woodard-Clyde, 5/2000, p. 1-3; HBT Agra, 10/1993, p. 2-1; Fugro-McClelland, 10/1592, p. 2-2).

Surface Water. The Site is drained by one main river system, the Rio Napo, which is a tributary of the
Rio Amazonas, Major tributaries of the Rio Napo are the Rio Coca and the Rio Aguarico. Tributaries of
the Rio Aguarico which cross the Concession area include the Rio Teteye, Rio Eno, Rio Dureno, and Rio
Shushufindi. Tributaries of the Rio Coca which cross the Concession area are the Rio Yanayacu, Rio
Jiving, Rio Curiyacu, Rio Rumijacu, Rio Tiputini and Rio Tivacuno. All of the rivers generally flow in an
easterly or southeasterly direction. The size of these rivers varies considerably. The Rio Napo and Rio
Aguarico are the largest rivers and are about 130 to 200 m wide. The Rio Eno, Rio Tiputini and Rio
Shiripuro are about 30 m wide. Most of the other rivers are less than 10 m wide. The rivers serve a wide
range of domestic and industrial uses including: habitat for terrestrial and aquatic wildlife, drinking water
supply, fishing, bathing, discharge points for effluents from petroleum operations, withdrawals for
industrial uses, and transportation (HBT Agra, 10/1993, p. 2-6, p. 7-2).

Soils. An environmental assessment conducted by HBT Agra indicate soils in the Oriente are formed on
alluvium volcanic and sedimentary materials. Soils in the alluvial plains are characterized as recent
voleanic ash deposited over older deposits of ash with stratified mud and sand. Soils in the floodplains,
hills, and hilly plateaus are characterized as sedimentary with high clay content; these soils are poorly
drained. Fractured clay layers as well as discontinuous lenses or layers of sand or silt are encountered
~ throughout the Site (HBT Agra, 10/1993, pp. 2-2 to 2-4, Table 2-1, p. 8-2; Section 8.4).

Groundwater, Environmental assessments conducted by HBT Agra and Fugro-McClelland indicate
shallow groundwater oceurs within the unconfined and perched’ conditions within the Oriente Basin.
Groundwater depths vary throughout the Site ranging from less than ! meter below ground surface (bgs)
to 8 meters bgs (HBT Agra, 10/1993, Section 8.4; Fugro-McClelland, 10/1992, p. 6-22). Domestic water
wells hand dug to depths less than 5 meters are common south of the Aguarico River and north of the
Napo River. Springs are common in the upland areas to the south of the Napo River, and north of the
Napoe River in the Lago Agrio and Guanta Field areas and are partly controlled by perched aquifers,
fractures and faults, Because of the occurrence of clayey soils of low permeability, the rate of recharge to
the shallow aquifers is relatively low to moderate, and surface runoff to rivers is high. Typically, streams
in humid tropical regions receive groundwater discharge, and the water table slopes towards the streams.
Most vertical and lateral groundwater flow occurs along fractures within the clay or within silt or sand
units (HBT Agra, 10/1993, p. 8-2).
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Qil Well Field Development. Petroleum exploration and production operations at the Site began in 1967,
The exploration operations between 1967 and 1972 resulted in the discovery of nine large oil fields.
Seven smaller additional fields were discovered between 1972 and 1990 {Woodward-Clyde, 5/2000, p. 1-
I; Fugro-McClelland, 10/1992, pp. 1-1 to [-2}. Figure 2 shows the production field locations.

Each of the larger oil fields that were developed consists of multiple well sites; one or more production
stations; camps and supply depots; and pipelines. Figure 3 shows an aerial view of the Shushufindi South
Production Station Site, The well site output from the smaller oil fields is sent to production stations in
larger fields (Woodard-Clyde, 5/2000, Table 1-1; HBT Agra, 10/1993, pp. 6-6 to 6-12).

Well sites are generally equipped with a single well head and control equipment for the flow system. The
average well site gravel pad area is approximately 5,600 square meters [60,000 square feet] with a range
of approximately 1,900 square meters [20,000 square feet] to 16,700 square meters [180,000 square feet],
excluding the area occupied by the reserve and production pits (HBT Agra, 16/1993, p. 6-8; Fugro-
McClelland, 10/1992, p. 6-8). Figure 4 shows an aerial view of oil well sites around the Shushufindi
North Production Station, '

Production stations contain equipment necessary to separate water from oil, store crude oil and dispose of
produced water to the environment. Most of the production stations contain storage tanks for crude oil
and fuel, surge tanks, wash tanks, oil-water separators, manifolds and pumps, metering stations, produced
water pits and natural gas flares. Selected facilities contain water treatment and water injection pumps,
hydraulic life pumps, gas lift compressors, power generation turbines and chemical storage. The
commonly used chemicals in all fields include demulsifiers, descalers, anticorrosives, antifoaming agents,
antiparaffin and acid treatment chemicals, The area occupied by the production stations range in size from
2.5 ha (6 acres) to 50 ha (125 acres) (HBT Agra, 10/1993, Sections 5.4 and 5.5; Fugro-McClelland,
10/1992, p. 6-12).

Associated with each of the well sites and production stations were one or more pits (Fugro-McClelland,
1071992, Section 6.3.3). Unlined, on-site pits were used at the well sites and production stations for the
management of drifling muds, evaporation and storage of produced water, management of workover or
completion fluids and for emergency containment of produced fluids. The pits were typically excavated to
a depth of approximately 1 to 2 or 2.5 meters (Cabrera, 3/2008, Annex H, p. 4; Woodard-Clyde, 5/2000,
p. 3-4; HBT Agra, 10/1993, p. 72). The pits contain a variety of materials (debris, crude oil, rainwater,
and sludges) depending on their primary use (reserve pits, flare pits, water pits, test pits, production pits
and trash pits). Reserve and production pits vary in size from approximately 3 meters by 3 meters [10 feet
by 10 feet] to approximately 60 by 60 meters [200 by 200 feet]. The reserve pits, usually larger than 900
square meters {10,000 square feet), are used for the collection and disposal of drilling muds and cuttings
{(Woodward-Clyde, 5/2000, p. 3-4; Fugro-McClelland, 10/1992, pp. 6-8 to 6-9).

Camps and supply depots are located in larger oil fields usually adjacent to the production facilities. The
camps have living and recreational facilities for workers and guests, vehicle maintenance shops, fuel
storage, and airstrips. Some have administrative/operations offices. Supply depots store pipe and other
equipment necessary to maintain and develop the oil field. Used pipe, empty drums and unusable vehicles
are often stored in these depots (HBT Agra, 10/1993, p. 6-12; Fugro-McClelland, 10/1992, p. 6-5 t0 6-6),

The well sites and production stations are accessible via a network of primary, secondary and access
roads which provide access to the oil well fields, oil well sites, and individual well sites, respectively. By
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1990, approximately 310 km of primary roadway were in use. The roads were constructed by cut and fill
methods and using granular materials extracted from river beds. Primary and secondary roads are often
coated with residual crude oil as a dust control measure and to limit the erosion of granular materials used
in their construction (HBT Agra, 10/1993, p, 6-6; Fugro-McClelland, 10/1992, p. 6-5).

A series of flowlines convey produced fluids from the well sites to the production stations while
- secondary pipelines deliver crude oil between stations, The majority of these flowlines are located in
narrow corridors immediately adjacent to roadways thus minimizing the need for additional right-of-way
construction. Generally, well site access road corridors contain a single flowline, secondary roads up to 9
flowlines, and primary roads up to 14 flowlines. The majority of these pipelines are located aboveground
supported by steel racks or concrete stands, The remaining pipeline either lies on the ground or is buried
{HBT Agra, 1993, p. 6-12; Fugro-McClelland, 10/1992, p. 6-27).

2.2  SITE CHRONOLOGY

The following summarizes some highlights of the Site operational, investigative, and remedial history:

3/1964 The Government of Ecuador (GOE), Texpet and Gulf Oil signed a Concession
Agreement which allowed Texpet and Gulf to begin petroleum exploration and
production operations in Ecuador. Each company had 50 percent participation interest in
the concession (Woodard-Clyde, 5/2000, p, 1-1; Fugro-McClelland, 10/1992, p. 1-1),

1972 A 318-mile-long trans-Ecuadorian pipeline was built to transport oil from Lago Agrio
across the Andes Mountain Range to the oil terminal at Esmeraldes on the Pacific Coast
{Woodard-Clyde, 5/2000, p. 1-1; Fugro-McClelland, 10/1992, p. 1-4).

1973 The [1964] Agreement was renegotiated and a new contract was signed between Texpet,
Gulf Oil and the GOE (Woodward-Clyde, 5/2000, p. 1-1),

6/1974 The Corporacion Estatal Petrolera Ecuatoriana (CEPE), the predecessor to Petroecuador,
acquired a 25 percent interest in the producing assets of the 1973 contracts. Texaco
retained a 37.5% interest and Gulf retained a 37.3% interest {(Woodward-Clyde, 5/2000,
p. 1-1, HBT Agra, 10/1993, p. 1-3).

1977 CEPE purchased Gulf’s remaining shares making CEPE the majority holder with a 62.5
percent share and Texaco with a minority share of 37.5 percent (Woodward-Clyde,
5/2000, p. 1-1).

1986 Texpet ended its exploration activities at the Site (Woodward-Clyde, 5/2000, p. 1-1).

6/1950 Texpet turned over the operation of the Oriente fields to Petroecuador (HBT Agra,
10/1003, p. 1-3; Fugro-McClelland, 1-/1992, ES-1).

6/1992 Texpet’s portion (37.5 percent) of the ownership of the oil fields was transferred to
Petrocouador (Woodard-Clyde, 5/2000, p. 1-1).
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4-5/1992

5-6/1993

12/19%4

3/1995

1995-1998

Fugro McClelland conducted an environmental field audit for Texpet as part of the
transfer of ownership of the oil fields from Texaco to Petroecuador in June 1992, This
audit was conducted independently of and parallel to the environmental assessment
conducted by HBT Agra on behalf of both Texaco and Petroecuador. Fugro audited 158
wells, 18 production stations, 6 camps, and approximately 30 miles of pipeline, The audit
included: site condition documentation, produced water, stream, and groundwater
sampling and analysis, crude oil and spill sampling and analysis, soil permeability and
percolation testing, and noise measurement. (The results of this audit discussed in Section
2.3) (Fugro-McClelland, 10/1992, p. E-1, p. 1-5).

HBT Agra conducted an environmental assessment of the Oriente oil fields on behalf of
Texpet and Petroecuador as part of the transfer of ownership of the oil fields from Texaco
to Petroecuador in June 1992, HBT Agra conducted a two-phase scope: Phase I involved
a biophysical survey, historical review, regulatory review, facility audit and site
reconnaissance to all 22 production stations, 163 ‘well sites, and 66 flowlines. Phase 11
involved surface water, groundwater and subsurface investigations on those sites where
contamination or a high potential for contamination was identified during Phase I (The
results of this audit and assessment are briefly summarized in Section 2.3) (HBT Agra,
10/1993, pp. 1-3, 6-1).

A Memorandum of Understanding (MOU} was executed by the Government of Ecuador,
Petroecuador, and Texpet in which Texpet agreed to implement environmental work at
the Site (Woodard-Clyde, 5/2000, p. 1-3).

A Scope of Environmental Remedial Work (SOW) was executed by the Government of
Ecuador, Petroecuador and Texpet. Texpet was responsible for: (1} remediation of all
existing pits and spills at 108 well sites that had been drilled prior to 1990 and at 26 well
sites abandoned prior to June 30, 1990; (2) review and abandonment of the 26 wells that
had been abandoned prior to June 30, 1990; (3) remediation of hydrocarbon-impacted
soil at the 26 sites and at an additional 27 well sites where the surface soil had potentially
been impacted as a result of operations prior to June 30, 1990; and (4) implementing the
required modifications to the production water treatment and discharge systems at nine
production stations and at four well locations where production water used to be
discharged (Woodard-Clyde, 5/2000, p. 1-4).

Woodard-Clyde reported on environmental investigation and remediation/reclamation
work conducted in 1995-1998 in accordance with the 1994 MOU and the 1995 SOW,
According to Woodard-Clyde, a total of 250 pits and 7 spill areas located at [33 well
sites were remediated through a combination of traditional cil field and innovative
remediation technologies and/or certified as requiring no further action based on
confirmation soil sample results. Only 13 of the pits could not be remediated because of
site conditions (i.e. ongoing activities by Petroecuador) (Woodard-Clyde, 5/2000, p, ES-
1; p. 1-5). Texpet claimed to have spent $40 million on this remedial program (Texaco,
Undated).’

* DCA was unable to obtain any supporting documentation for Texaco’s claimed expenditures of $40 million.
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2004-2009 A series of Judicial Inspections were conducted by Chevron’s and plaintiffs’ experts. Soil
and water samples were collected from 34 well sites and 11 production stations. {The
results of this field study are discussed in Section 2.3) {Cabrera, 3/2008, pp. 16-17;
Annex E),

2007 Cabrera collected soil, surface water and groundwater samples from 48 production wells
and one production station as part of his scope and role as the Court-appointed Expert.
(The results of this field study are discussed in Section 2.3) (Cabrera, 3/2008, pp. 16-17). -

2.3 NATURE & EXTENT OF CONTAMINATION

-Fhis section presents a brief overview of the nature and extent of environmental contamination that has
been documented by numerous assessments and investigations conducted at the Site.

Field audits conducted by Fugro-McClelland of operations at the Site well fields in 1992 documented
widespread hydrocarbon contamination. Audit findings included:

s Hydrocarbon contamination requiring remediation at all [18] production facilities and a majority of
the drill sites (Fugro-McClelland, 10/1992, p. E-1);

»  Approximately 70 percent of the well sites audited had drilling or production pits. Almost 50 percent
of the pits audited were empty or contained water. A majority of the remaining pits had 100 percent
crude oil cover. Contamination beyond the pits was observed at some areas. The contamination
usually occurred as a result of pit overflow, berm failure or releases through the siphon (Fugro-
McClelland, 10/1992, pp. 6-9, 6-10};

o Four production facilities had final stage pits (pits that discharge directly to a surface water feature)
with little to no acoumulation of hydrocarbons (less than 5 percent);, nine production facilities were
observed to have final stage pits with a large accumulation of crude oil (greater than 95%), discharge
pits at the remaining facilities had crude oil cover which ranged from 20 to 50 percent (Fugro-
McClelland, 10/1992, p. 6-14);

s  Byvidence of petroleum releases beyond the final stage pit into a surface drainage feature was observed
at five of the production stations, Drainage channels at two of the stations were heavily contarninated
and contained free-standing crude oil which was slightly degraded. In all instances hydrocarbon
contamination was limited to the immediate vicinity of the stream discharge point or tributary (Fugro-
McCleliand, 10/1992, p. 6-23);

» Spills of hydrocarbons and chemicals at the production stations and well sites were often not cleaned
up. Instead they were covered with sand. Contaminant migration from the well site spills into the
highly plastic red clay was generally observed to be minimal (HBT Agra, 10/1993, p. 6-13; Fugro-
McClelland, 10/1992, p. 6-23); and

s Evidence of pipeline leaks were observed along 11 of the 28 transects, Ten of the spills identiﬁed_
along four transects would be considered major, i.e., greater than a few hundred square feet in area
(Fugro-McClelland, 10/1992, p. 6-28).
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Field audits conducted by HBT Agra of operations at the Site well fields in 1993 documented widespread
hydrocarbon contamination. Audit findings included:

¢ Contamination of soil and water was observed at well sites, production stations and along roadways,
flowlines and secondary pipelines (HBT Agra, 10/1993, p. 6-12);

e Spilis were noted at 158 of the 163 well sites assessed. Most of these spills were confined to the well
site. Contaminant migration from these well site spills into the highly plastic red clays was generally
observed to be minimal (HBT Agra, 10/1993, p. 6-13); '

»  Waste pits were found at 125 of the well sites assessed. A total of 126 open or ¢losed pits contained
oily waste which was confined within 50 of the pits and was found to be migrating in 76 of the pits
(HBT Agra, 10/1993, p. 6-15);

+ Seepage was noted at 69 of the well site pits as evidenced by the presence of oily seil lateral to the
pits. Seepage or pit discharge to streams was observed to have occurred at 28 pit locations (HBT
Agra, 10/1993, p. 6-15); '

+  Both well site pits and production pits contained oily sludges. The thickness of the sludges in the well
site pits was estimated to be less than one meter on average (HBT Agra, 16/1993, p. 6-15 and 6-20);
and '

s Spills of produced fluids, used oil, chemicals or fuel were observed at the production stations
including: manifolds and separators, pumps and compressors, process area drains and sumps, and
vehicle maintenance areas and pits (HBT Agra, 10/1993, p. 6-16).

Sampling and analysis of soil, surface water, groundwater and sediment has been conducted at the Site by
numerous parties, Details on these sampling events have been reported elsewhere (Cabrera, 3/2008,
Section 3.2.10; Annexes A and C; HBT Agra, 10/1993, Section 6.4). '

Sampling of environmental media at the Site conducted by experts for the defendant and plaintiffs as part
of the Judicial Inspections, and by Cabrera as part of his 2007 field investigation indicates:

+ Soils at the Site contain TPH concentrations in well pits, production pits and surrounding soils
exceeding the Ecuadorian standard of 1,000 ppm. Soil samples within the pits had average TPH
concentrations of 19,586 ppm (defendant/plaintiff data) and 22,219 ppm (Cabrera data), and
maximum TPH concentrations of >900,000 ppm (defendant/plaintiff data) and 414,414 ppm (Cabrera
.data). Soil samples outside of the pits had average TPH concentrations of 5,028 ppm -
(defendant/plaintiff data) and 7,500 ppm (Cabrera data), and maximum TPH concentrations of
333,262 ppm (defendant/plaintiff data) and 175,095 ppm {Cabrera data) (Cabrera, 3/2008, pp. 19-20);

s Soils at the Site contain oil production-related metal concentrations exceeding Ecuadorian standards
in soil with copper, barium, vanadium and chromium VI most frequently exceeding the standards
(Cabrera, 3/2008, pp. 20-21);

e Copper, with a standard of 63 mg/kg, was found at average and maximum concentrations
of 44 ppm and 130 ppm (defendant/plaintiff data), respectively;
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¢ Barium, with a standard of 750 ppm, was found at average and maxirmmom concentrations
of 595 and 1,736 ppm (Cabrera data) and 490 ppm and 10,100 ppm (defendant/plaintiff
data), respectively;

s Vanadium, with a standard of 130 ppm, was found at average and maximum
concentrations of 99 and 290 ppm (Cabrera data) and 92 ppm and 290 .ppm
{defendant/plaintiff data}, respectively; and

s Chromium VI, with a standard of 0.4 ppm, was found at average and maximum
concentrations of 0.52 ppm and 87 ppm (defendant/plaintiff data), respectively.

»  Groundwater sampling by both Cabrera and experts for the defendant/plaintiffs indicates TPH
concentrations exceeding the Ecuadorian standard of 0.325 mg/l (Cabrera, 3/2008, pp. 21);

¢ Groundwater at the Site contains metals, notably barium and cadmium, in concentrations that
exceed Ecuadorian standards in only a small percentage of the samples collected (Cabrera,
3/2008, pp. 22); '

¢ Surface water sampling of streams, rivers, and marshes located near oil field sites by experts
for the defendant generally shows no contamination above applicable standards (Cabrera,
3/2008, p. 23); and

* Sediment sampling of streams and marshes or swamps indicates TPH concentrations
exceeding the Ecuadorian standard of 1,000 ppm at a limited number of Site locations
sampled (Cabrera, 3/2008, Annex E; Sampling data collected during the Judicial Inspections).
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3.0 REMEDIATION OF SOIL

This section discusses the analysis and underlying assumptions used by DCA to develop an estimate of
the potential costs to remediate contaminated soils associated with the well sites and production stations.

31 VALUATION ASSUMPTIONS AND ANALYSIS

Cabrera’s approach for estimating the potential costs to remediate contaminated pits and soils at the Site
was based on his determination that there were 917 pits at 356 well sites and 22 production stations with
80 percent of the pits at the wells and 100 percent of the pits at the production stations being remediated
to target cleanup levels of 1,000 ppm and 100 ppm TPH (Cabrera, 3/2008, pp. 8, 43, Annexes H and N;
Cabrera, 11/2008, pp. 16-18). Cabrera calculated the total surface area of the pits and soils requiring
remediation and assumed excavation depths of 4 meters and 5 meters to calculate remedial volumes for
the 1,000 ppm and 100 ppm TPH cleanup levels, respectively. Finally, he assumed that the contaminated
soils would be remediated using bioremediation technology at an estimated cost of US$489 m® (Cabrera,
11/2008, pp. 16-18). Cabrera’s approach resulted in estimated costs of $2.03 billion and $2.74 billion to
remediaﬁte pits and soils to the 1,000 ppm and 100 ppm TPH [evels, respectively {Cabrera, 11/2008, pp.
16-18),

DCA’s approach for estimating potential costs to remediate contaminated pits and soils at the Site was
based on: (1) a conceptual remedial framework for determining the need for and extent of remediating the
contaminated pits and associated soils, and (2) a set of assumptions for applying that framework to derive
a potential low cost and a potential high cost estimate.

Conceptual Remedial Framework. Based on DCA’s understanding of the operational, investigative,
and remedial history of the Site, DCA believes that not all of the contaminated pits and soils at the Site
would necessarily require the same degree of remediation.

Asg part of their 1993 environmental assessment of the Qriente oil fields on behalf of Texpet and
Petroecnador, HBT Agra developed a scoring system to rate potential environmental impacts from the
environmental risks they had identified. HBT’s scoring system consisted of the following three tiers
(HBT Agra, 1993, p. 6-24):

» Low — Environmental damage that can be naturally corrected or cleaned up on the scale
of hours to days. Spills, regardless of size, are confined to the [well] site. No oil
containing pit is present;

e Medium — Environmental damage that even after mitigative action will take days or
weeks to regain pre-event conditions. Spills, regardless of size, have migrated off-site. Pit
containing oil is present. Contaminant appears confined within the pit; and

e High - Environmental damage that may require extensive mitigative action or may be of
long-term duration before recovery. Pit containing oil is present. Contaminants appear to
have migrated out of the pit,

€ Cabrera’s initial estimated cost to remediate the pits and soils to 1,000 ppm TPH was teported as $1.7 billion in his March, 2008
report. Subsequently, because of errors made by Cabrera and his responses to comments made by the plaintiffs, Cabrera
increased his estimate to $2,03 biliion in a revised expert report issued in November 2008.
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HBT assessed 163 well sites and determined that the environmental risks were rated as having low impact
at 31% (51) of the sites, medium impact at 18% (29) of the sites, and high impact at 41% (66) of the sites.
Ten percent of the sites (16) were reported as having no impact (HBT Agra, 1993, p. 6-24).

DCA believes HBT’s framework is a reasonable and appropriate method to characterize environmental
impacts and the subsequent need for and level of remediation for well pit soils. Accordingly, for the
purpose of this valuation, DCA utilized the basic framework of HBT’s scoring system but modified it
with respect to the degree of remedial action that might be required for each tier of the ranking or scoring
systermn. One modification was that since little documentation was provided by HBT Agra to demonstrate
the reported no-impact sites, DCA grouped those sites into the low impact category. Accordingly, for the
purposes of estimating costs, three categories were created using the HBT Agra percentages: low impact
sites and wells (which include the report no-impact sites) (41%); medium impact sites and wells (18%);
and high impact sites and wells (41%). This medified framework is shown in Figure 5, Because of the
operational history and the nature and extent of contamination documented at the production stations,
DCA assumed that 100% (22) of the production stations will require remediation and therefore grouped
all 22 production stations into the high TPH-impact category.

Assumptions Regarding the Number of Well Sites and Pits. DCA’s review of the available technical
and expert reports indicated numerous discrepancies in the number of well sites and pits, production
stations and pits, and ambiguities in their status (i.e., open/closed/covered, badly remediated/well
remediated, dry pit/water pit/floating crude oil pit, pits with seepage/no seepage, etc.). However, it is
DCA’s understanding from counsel that the inventory of well sites/pits, and production stations/pits that
was conducted by Cabrera represents the most recent information available. Accordingly, DCA based its
valuation of environmental damages on the number of well sites/pits and production stations/pits reported
in Cabrera’s inventory (Cabrera, 3/2008, Annex N) to support the estimation of a potential low cost and a
potential high cost range (See Appendix A, Table A-1; Details on how the other Table A-] assumptions
for a low cost’high cost range were derived are presented in Tables A-2 and Table A-3).

Assumptions Reparding Remedial Volumes. DCA reviewed the assumptions and underlying data (i.c.,
sampling data from the Judicial Inspections) used by Cabrera in determining the depth of contaminated
soils and subsequently the volume of contaminated soils requiring remediation to achieve TPH cleanup
levels of 1,000 ppm and 100 ppm. (Cabrera, 3/2008, p. 43-44, Annex N; Cabrera, 11/2008, pp. 17).

The Judicial Inspection soil sampling data were used by DCA to create a plot of TPH concentrations
versus depth beneath pit surface (see Figure 6). This plot is similar to the data plot presented by Cabrera
(Cabrera, 3/20808, Annex N, p. 3). The two plots are not identical, which may be the resuit of DCA only
using data that were linked to specific pits in the database provided to DCA to ensure that subsurface
samples from outside the pits were not inadvertently used in the plot. A detailed statistical analysis of
these data was not performed due to time constraints but a general assessment of the distribution of the
data points suggests that a majority of the TPH data points greater than 100 ppm are above a 5 meter
depth, and a majority of TPH data points greater than 1,000 ppm are above a 3 meter depth. A more
rigorous review of the data (e.g., TPH depth profiles at the same sampling locations, concentrations at the
deepest sample at each location (i.e., did the sampler get to the bottom of the contamination), the number
and type of pits sampled), and the sampling methods and procedures {e.g., could contamination been
inadvertently carried down from shallow zones to deeper sampling locations as a result of the sampling
methods) should be completed to refined the required remediation depths. However, for the purposes of
this valuation, excavation depths of 3 and 5 meters (below ground surface) for the pits were assumed for
the 1,000 ppm and 100 ppm TPH clean-up levels.
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In calculating the volume of soil to be remediated, DCA assumed that there is 1 meter of frechoard
currently present in ali pits, i.e., the previously existing liquids in the pits have either been removed, have
evaporated/volatilized, or seeped to lower depths leaving only residual oil, drilling cuttings/muds, and
debris. Where pits have been previously covered, it was assumed that this | meter of freeboard was filled
with soil that meets the clean-up standards and does not require remediation (only removal and
replacement to access the deeper soils). Therefore, the net soil depths used to calculate soil volumes at
“each pit were 2 and 4 meters for the 1,000 ppm and 100 ppm TPH cleanup levels, respectively.

DCA also recognizes that a certain amount of soil surrounding each pit is likely to have been impacted by
TPH during the many years of operation. This would have been the result of spillage, overtopping, etc.,

and likely impacted the soils immediately surrounding the pits (which were unlined) and the berms that -

may have been present on the surface to further contain the liquids. For the purpose of this valuation,
DCA assumed that soils within 1 meter of the perimeter of the pit, and to a depth of 2 meters (to the
bottom of the original pit), would require excavation and remediation,

Lastly, based on experience and literature, DCA assumed that the soils surrounding each well head are
likely contaminated and require remediation, This contamination would have been the result of decades
of spillage, leaks, etc. during well drilling, operations, and rehabilitation over the several decades of
operation, The assumed volume of soil around each well head that will require remediation was calculated
based on an assumed depth of | meter over a radius of 15 meters around each well head.

Assumptions Regarding Treatment of Contaminated Soils. Cabrera’s remedial cost estimates assumed
contaminated soils would be remediated to either the 1,000 or 100 ppm TPH cleanup levels using
bioremediation technology (Cabrera also evaluated other remedial technologies). Cabrera’s unit cost of
US$489/m’ was based on an average of costs for bioremediation systems used at several U.S. Superfund
sites (Cabrera, 3/2008, p. 43, Annex N).

DCA conducted an independent preliminary screening of remedial technologies to determine what would
be the most appropriate remedial technologies to achieve the 1,000 ppm and 100 ppm TPH cleanup
levels. The resulis of the technology screening are presented in Table A-4. Based on this screening, DCA
selected composting and thermal desorption as the treatment technologies of choice for both the Jow cost
and high cost estimates to clean up the soils to the 1,000 ppm TPH level and the 100 ppm TPH level,
respectively. DCA assumed unit costs of US$118/m’ and US$304/m® for composting and thermal
desorption, respectively. The unit costs for treatment technologies reflect & discount to account for overall
economies of scale, clustering of pits at individual well sites and production stations, and lower labor and
energy costs in Ecuador. Details on how these unit costs were derived are presented in Tables A-5 and A-
6.

As described above, DCA accounted for the expected variability of levels of contarnination from pit to pit
by grouping them into low, medium and high level contamination sites and wells based on HBT Agra’s
assessment of the level of contamination of well sites they assessed. DCA assumed that composting
technology would be used to remediate contaminated soils at low level impact sites where the TPH
concentrations were low enough to allow for reduction of the soil TPH concentrations in a reasonable
timeframe. For the medium level and high level sites, where TPH soil concentrations were higher, DCA
believes thermal desorption would be a more time-efficient and reliable technology to .reduce
concentrations o the target cleanup levels. While it is possible that composting could achieved the target
cleanup levels even for the medium and high impact sites, the extended timeframe for this to occur would
likely not make this a time-efficient or cost-effective remedial technology. Thermal desorption is a proven
and effective technology for soils and studges with high levels of oil contamination. This technology has
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the following advantages over other potentially applicable technologies such as solidification, surfactant
washing, in-situ steamn injection: it will achieve the clean-up goals in a relatively short time frame; it

“removes the contaminants from the media and therefore results in a permanent clean-up; and it does not
require on-going monitoring to document performance,

DCA also assumed that the implementation of both composting and thermal desorption would be
conducted at multiple centralized treatment centers instead of having mobile or trailer-based treatment
equipment transported to every well site and production station. Contaminated soil from the well sites and -
production stations would be excavaied and transported by truck from each site to the centralized
treatment center. In this way, remediation of the individual well site/production station would be
accomplished more efficiently (taking advantage of the economy of scale) and would facilitate the return
of these sites to beneficial use more quickly.

3.2 RESULTS OF COST ESTIMATION

The result of DCA’s valuation for the remediation of contaminated soil at the Site is presented in Tables
A-7 and A-8. Based on the assumptions and analysis discussed above, DCA estimated potential costs to
remediate contaminated soils at the well sites and production stations could range from a low of §487
million for a 1,000 ppm TPH cleanup to a high of $949 million for a 100 ppm TPH cleanup. The cost
.estimates are adjusted to 2010 dollars, but are undiscounted (i.e., no net present value analysis was done
for the time value of money).
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4.0 REMEDIATION OF GROUNDWATER

This section discusses the analysis and underlying assumptions used by DCA. to develop an estimate of
the potential costs to remediate contaminated groundwater associated with the well sites and production
stations.

41  VALUATION ASSUMPTIONS AND ANALYSIS

Cabrera’s approach for estimating the potential costs to remediate contaminated groundwater at the Site
appears to be based on the assumption that contaminated groundwater beneath 356 well sites and 22
production stations would need to be remediated to achieve the Ecuador standard of 0.325 mg/l for TPH
in groundwater, Cabrera assumed the average cost to remediate groundwater at each site would be $7.8
million. This was based on his review of four U.S. groundwater remediation projects which employ active
pumping and treatment of groundwater contaminated with BTEX, VOCs and oil. The range of estimated
costs for these systems was $3.5 million to $13.5 million. The remedial timeframe for all four projects
was estimated to be 20 years (Cabrera, 11/2008, pp. 12-14). Using this information, Cabrera estimated the
total potential costs of groundwater remediation to be $3,24 billion (Cabrera, 11/2008; Table; Overview
of Environmental Remediation Costs).”

DCA'’s approach to estimating the potential costs for groundwater remediation at the Site was similar to
the approach used for soil remediation and is discussed in the following paragraphs.

Conceptual Remedial Framework. DCA’s cost estimate to remediate contaminated groundwater is
based on the assumption that free petroleum product, or light non-aqueous phase liquid (LNAPL) is
present in the subsurface trapped within silt/sand stringers, clay fractures, and root channels. Free product
is also likely to be present in anthropogenic features such as subsurface drains, sumps and trenches, Thig
assumption is consistent with the spill history at the Site as well as what is known about the operations at
both the well sites and the production stations. Observations made by HBT Agra during their 1992 field
audit confirmed the presence of LNAPL in the subsurface (HBT Agra, 1993, pp. 8-7, 8-8). The LNAPL
serves as g continuous source of TPH contamination to the groundwater. Therefore the removal of the
LNAPL would remove the hydrocarbon source material thereby reducing TPH in the dissolved phase,
which limited groundwater sampling data indicates is currently above the Ecuadorian standard of 0.325
mg/l in many instances. This cenceptual model also assumes that dissolved phase groundwater
contamination is not widespread or migrating significantly such that off-site risks are present. Although
this can be argued by the fact that the Site soils have generally been characterized as having a high clay
content which would limit the vertical and horizontal migration of contaminants from their source,
additional groundwater sampling data would be needed to delineate the extent of any off-site groundwater
migration,

Assumptions Regarding Production Stations and Well Sites Requiring Remediation. For the purpose
of this valuation, DCA assumed that all 22 of the production stations would require some form of
groundwater remediation. However, since DCA believes that not all production stations would require
groundwater remediation to the same extent, DCA also assumed that the extent of any groundwater
remediation at the production stations would be proportional to the volume of liquids (i.e,, oil and

7 It is not clear how Cabrera derived this total cost, Assummg $7.8 million per site x (356 well sites + 22 production sites) results
in a total potential cost of $2.95 billion,
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production water) that was processed at each production station. Therefore, DCA categorized the
production sites based on volume throughput and the expected magnitude (level) of resulting groundwater
contamination. The results of this categorization are shown in Figure 7. For example, this analysis
assumes that Level 4 preduction stations, with a total throughput ranging from 187,048,695 to
249,106,260 barrels, would have four times the magnitude of groundwater contamination as would a
Level 1 production station, with a total throughput ranging from 1,592,128 to 16,555,798 barrels,

DCA elso considered the need for remediating the groundwater beneath well sites. For the purpose of this
valuation, DCA assumed that 210 well sites out of 356 well sites (59%) would require groundwater
remediation. This represents 64 sites in the Moderate Impact Level (18%) and 146 sites in the High
Impact Level (See Figure 5 and Section 3.1.1).

Assumptions Regarding Treatment of Contaminated Groundwater. For the purpose of this valuation,

DCA considered two options for groundwater remediation at production stations and well sites. Option 1,
which DCA assumed as a viable low cost option, is the containment and recovery of the LNAPL using a
horizontal recovery trench with a vertical sump (Figure 8), The sump would include a low-flow (less than
5 gallons per minute (gpm)) groundwater pump and a floating oil skimmer pump to recover the LNAPL,
For the Level 1 production stations/well sites, DCA assumed that the trench dimensions would be
approximately 100 meters long by 2 meters wide by 5 meters deep. Trench dimensions for a Level 4
production station/well site would be four times those of a Level 1 system. The operation and
maintenance {O&M) periods for the Option 1 system was assumed to be 10, 15, 20 and 30 years for
Levels 1, 2, 3, and 4, respectively.

DCA recognizes that this containment and recovery option alone may not result in the remedial goal of
0.325 mg/l being met. However, long-term natural attenuation processes (2.g., biodegradation, sorption,
dispersion and dilution, chemical reactions, and volatilization) of residual dissolved groundwater
contamination following the active remediation period may achieve the remedial goal. Monitored natural
attermation (MINA) (in conjunction with source control) is recognized by .S, EPA as a viable remedial
measure for petroleum-contaminated groundwater and has been selected as a groundwater remedy at an
increasing number of Superfund sites (U.S. EPA, 5/1999, U.S. EPA, 1/2002). Accordingly, DCA
assumed that MNA would begin following the end of the active remediation and would continue for 20
years.

Option 2, which DCA assumed as a viable high cost option, consists of the LNAPL containment and
recovery system described in Option 1, plus an active groundwater pumping and treatment system, For a
Level 1 site, this system would consist of 5 groundwater extraction wells yielding an assumed 5 gpm per
well, A 25 gpm treatment train consisting of multi-media pre-filter and carbon adsorption units would
also be installed. A remedial system installed for a Level 4 site would be four times larger. The O&M
periods for the Option 2 system were assumed to be 15, 20, 30 and 50 years for Levels 1, 2, 3 and 4,
respectively. The O&M periods were increased over the O&M periods for Option | based on longer
anticipated time frames to achieve a remedial goal of reaching the 0.325 mg/! standard and the operation
period of the product recovery and containment system was also increased to the same duration since they
wete assumed to operate in tandem. No MNA was assumed for Option 2 since the groundwater pumping
and treatment system would be expected to achieve the 0.325 mg/l standard.
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42  RESULTS OF COST ESTIMATION

The result of DCA’s valuation for the remediation of contaminated groundwater at the Site is presented in
Tables B-1 through B-10 in Appendix B. Based on the assumptions and analysis discussed above, DCA
estimated potential costs to remediate contaminated groundwater at the production sites and well sites to
the Ecuadorian standard of 0.325 mg/l for TPH could range from a low of 3396 million to a high of $911
million, The cost estimates are undiscounted (i.e., no net present value analysis was done for the time
value of money) and adjusted to 2010 dollars.
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5.0 REMEDIATION OF SEDIMENT

This section discusses DCA’s preliminary analysis of the potential costs to remediate contaminated
sediments in the rivers, streams, and marshes of the Site.

51 VALUATION ASSUMPTIONS AND ANALYSIS

Cabrera did not estimate the potential costs to remediate contaminated sediment in the rivers, streams and
marshes that were impacted by the operations of the well sites and production sites. Instead, he
recommended that the Court consider this issue for further study and analysis (Cabrera, 11/2008, pp. 18-
19).

DCA’s review of the limited sediment sampling data collected during the Judicial Inspections indicates
some degree of sediment contamination exists as a result of discharges into nearby water bodies and
wetlands (i.e.,, swamps and marshes) from the production stations, presumably through natural channels
or man-made drainage ditches, as well as from the surface overflow of oil and chemical spills from both
the production stations and the well sites,

However, to develop an estimate of the potential costs to remediate contaminated sediment would require
additional information and further analysis. As a minimum, and in the absence of additional sediment
sampling data, the locations of the various surface water bodies and wetland areas would have to be
correlated with the locations of the well sites, production stations, documented spills and pipeline
alignments, and the existing sediment sampling locations and data; effluent discharge points from the
production stations would have to be identified; dimensions of drainage channels and ditches would have
to be determined; and assumptions would have to be developed regarding the volume of discharges from
the production stations to surface water bodies, and the volumes of potential spills (to the extent that data
is available} that were released from the well sites and production stations into the surface water bodies
and wetlands,

52  RESULTSOF COST ESTIMATION

DCA did not estimate the potential costs to remediate contaminated sediments in the surface waterways
and wetlands at the Site. Further information and analysis is required before an estimate can be
developed.
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6.0 SUMMARY

DCA developed a range of potential low and high costs to remediate contaminated soils and groundwater
associated with petroleum exploration and production operations conducted by Texpet in the Concession
area of northeastern Ecuador during the period 1964 through June 1990,

Based on the assumptions and analysig discussed in this valuation, DCA estimates potential costs to
remediate contaminated seils at 356 well sites (containing 828 pits) and 22 production stations
{containing 89 pits) could range from a low of $487 million for a 1,000 ppm TPH cleanup to a high of
$949 million for a 100 ppm TPH cleanup. DCA estimates potential costs to remediate contaminated
groundwater at 210 well sites and 22 production stations could range from a low of $396 million to a high
of $911 million to remediate groundwater to the Ecuadorian standard of 0.325 mg/l for TPH. Due to a
lack of information and data, DCA did not develop an estimated cost range for this valuation to remediate
contaminated sediment in surface water bodies and wetland areas. Accordingly, the total estimated.
potential costs to remediate contaminated soil and groundwater could range from $883 million to $1,860
million,

This valuation was conducted using information and data made available to DCA during the timeframe of
its engagement. The information and data reviewed by DCA represents a small percentage of the
documents prepared by experts in this case and submitted to the Court. The assumptions made by DCA
and the resulting estimated remedial costs developed for this valuation are subject to change as a result of
further ‘review and analysis of existing information and data, and/or the generation of additional
information and data from future investigations. The remedial cost estimates developed for this valuation
should be viewed as potential, conceptual-level estimates only. When a final remedial action plan (RAP)
has been developed and Site-wide remedial activities have commenced, the costs to remediate the soils
and groundwater at the Site will likely vary significantly among individual sites.

- DouGLAs C. ALLEN, P.A, September 2010
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Figure 1

Location of the Texpet-Petroecuador Concession Area




Figure 2
Locations of the Texpet-Fetroecuador Of) Production Fields
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Figure 3: Shushufindi South Production Statfon

Figure 41 O well sites arcund Shushufindi North Pmd_uct’ion Station

{Sotree: Google Barth-- Imagery Date: Feb, 6, 2007)
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at 22 Production Stati

Fipure 7: Total Liquids Produced

Station or Production.  Oil PR

L by

DUREND 285,954 1,308,174 1,692,128 1
YUCA SUR 1,262,506 1,260,069 2,533,475 1
AUCA SUR 1,537,730 -1,738,840 3,276,379 1
CULEBRA 563,464 2,789,854 3,353,318 1
YULEBRA 99,110 3,916,112 4,018,222 1
PARAHUACU 132,500 6,993,351 7,125,860 1
GUANTA 525,845 8,600,808 9,126,654 1
YUGA 3,300,382 12,898,928 16,294,320 1
ATACAR) 3,600,312 12,955,486 16,685,798 1
CONGNAGO/RUMIYAGL? 5,048,162 33,281,476 38,320,638 2
LAGO CENTRAL . 12,761,672 32,854,705 45,616,377 Z
SACHA SUR 25,098,225 34,340,115 593,438,340 2
SHUSHUFINDI SUR OESTE 13,257,646 62,535,000 75,792,646 2
AGUARICO 14,527,128 78,148,850 092,675,978 3
SACHA NORTE 2 28,875,229 68,805,731 97,680,960 3
AUCA 16,068,653 82,151,133 101,209,786 3
LAGC NORTE 48,690,971 83,771,350 132,362,321 3
SHUBHUFIND] NORTE 7,853,355 125,201,951 132,855,306 3
SHUBHUFIND SUR 13,494,028 173,654,667 187,048,605 4.
BACHA NORTE 1 77,665,809 - 127,907,742 205,573,551 4
SHUSHUFINDI CENTRAL 18,080,960 192,543,038 210,823,908 4
SACHA CENTRAL 83,836,440 165,268,820 249,106,260 4
*From Cabrara Annex F - Tabie 8

2 Assumes production oecurred at Cononaco
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Figure 9. Cross-section of conceptual LNAPL interceptor trench

Source:

Free-Product Recovery of Petroleum Hydrocarbon Liguids
Health and Environmental Sclences Department

API Publication Numbier 4682

June 1994




APPENDIX A

COSTING DETAILS FOR WELL SITE AND PRODUCTION STATION SOIL
REMEDIATION

- (PITS AND WELLHEADS)

DoucLas C, ALLEN, P.A. September 2010
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Table A-1

Assumptions for the Low Cost and High Cost Estimates to Remediate Contaminated Soily

Parameter Low Cost Estimate High Cost Estimate
TRH Cleantp Level (pprm) 1,000 100
Number of Well Skes 358" 358"
Number of Production Staflons e 222

828" twelle) B28* (Wells)

Numbar of Fits 20" (Stations) 89" (Stations)
Depth of Ramodiation (meters) 2 4

L a r2et (Wells) 827" (Walls)
Sizo of Pits (meters”) g61° (Statlons) 5617 (Stations)

Soll Treatment Technologies

Gompesting {low & medium impact sites)
Thatmal Besorpdion (high Impact sles)

Composting (ow & medium impact sites)
Thesmat Desorption {high impact sites)

Undt Cost of Soll Treatmant
(USD$! maters”)

$'E 18 {Composting)
3304 {Themnai Desorption)

$118 (Composting)
304 (Thersmal Desorplion)

Notes;

Cabrera, 2008, p. &
HMBT Agra, 1983, p. 1.3

OmaN

Cabreta, 2008, Annax N, p. 1

Avorage from H3T Agra, 1993, Appendix F

Avarage from Pil Inventory In Cabrera, 2008 Annex H
Fugre-McCleliand, 1692, Figures 8-1 through 6-7




TABLE A-2
Quantities of Soll Hequlring Remadiatlon - Low Ronge of Esthmiato

[ingaed . e T e R nT [REtnrEn:
B3¢ Infermalion

1 Wl i " prior to 30 Jung 1990 [ 0 Catiara Annax 1. DF 1

F) Total wedl pils renubiieg romadtaticn [] R
Cabrara Annex K, pp §

3 Prodectinn Bratlng [ 22
Cobriteg Annes N, pi 1

4 fradyctinn Statton pity il 1 a4 Cabrard Anhox N, pg 1

5 Averag well pli arep [ 26 Caiculoted based on bt buekce srens presented i
HBY Anrwx pg 128 - 130

- Aversge pll dupth m L5 HRT, pg 72; "Mosl pits wore sonstructed by
ukeavirting tu o depth bntwoen 1 and § metees”

7 Exeavalion dopth to remadhate 42 1000 ppani 190 n 2 Avarsge denith estinnited a1 3 based on ]
nta from Judicial Insprations, less 1 m pssusmad
{re board crirrentiy presanl {n phs,

B Frapisatid wall sitas consdesed "hiph contannatio” [] 41% HBT, pg B2

-3 tispected wull situs gangiberad "pndivim eontamingtloi” ] 18% HRY, pg B

1 Inspecied weolksites conisiderad Mlow & inatian® ar pozilatiy ] [] 415 HBT, pg BY

Numbers of Sitee/Pits Retwiting Rmeghtton

Low tontaminallon Wall Sitey

11 Number of well sHes A L[] e CRNCUI L W X ML

i g o (mpacted sois near wel head m i3 Assunptlon tased on expaticicn
13 Avax ol soil impects per wel head i welt 10T Caleylated
14 Tatal arvn of soil imunm sround wull haids for teélematian r_n2 103,174 Catoulated: i1l 1 413
1% Dasth al soll imnacls grownd wel el m 1 Astiimption
k... |Volume of imanctod sols around epch well head T i . [Cafeulated: i3 x 415
17 {yalume of altwell tedd seils i 303,173 Catculted; 431 2816
6 [Nitmivar of pits (] 5] Catcyiaiad: (17 % N0
1% |Average volumsi of colli pughvatid forgl /i LA%2 Catchialed: 15y 7
20 .| fetal arex of sl Impacts fer redamption : n 2,836 Coculplet: 41 % 12} + DLE x A5)
b3} Total volume of low Inpaci solfs fﬂli!’. sind woll h'"?.,.i ' LOE, 098 Caleulled; (1113 & HI6) £ W18 x £14)
Mgdium and Figh Centamination Sas ———
I A e il 210 (8 (MR = WO & 41
23 [Nurber of plty [ 438 Calewlated: (8 401 x #2
L h Veluren ol conteminalad soll paie well fiesd, per waoil " wr Spae s iow contaminaiion sis (K16}
45 Actditional neea of contamdnaled solis einside of sach pit e a9 Colculated asiunilng wieavsthon to 1 i out fram piy
RIlG 7 ) dopth
26 Additianiol 3ol eReovation vl pee pit w ns Catoutated assuming exeavation (o 1 m ok fom gl
i . ind 7 6i dapll
EY Total area of sail inpacts lor recamatinn {pits + pdditkshal arap argund plt + w 143 4b5 Calculited
el hears
W {Total vehnng of g 115 solls {phs + sddiGonal voltme argund plid + wiell m 863,851 Calcufated: stm of valimes par phot widll x i of
g : iisfentts
Production Statlens i
20 JAverage surfate arau of station plly w1 551 Cofepialed naed on nrens In Fugro, pg 121-128
a0 |Bssimatnd surlnce aren ot all pits o nad Crlaviated uylng sverage il wan
3 [Addiional sria of imipieted xalls nutslda each pi e 404 Goleilatod using mme ml od B3
y E_b_(_:_iligmmm@n alr
32 [Telal sdditionsd args o Impacted solls for all pits ., i 30516 Ciluuintad: #31 xiﬁ
13 Wolume of solboscavaied per plt X . s iCaloulated, #20 iy
34 Tadditionsl sall excavation vehima per ph ' 150 Hdteudatad agsurming weeavation to 1w oot fom ph
. i 2 depth
3% {Totatvoluime of prodhection stacion impacked wols (plts + sdditlanst volime ' 116,836 altutialad; s of vileae por pid X 2 of pits

around plly







