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Memorandum
To: Regional Supervisor, Resource Evaluation
Attention: Frank Neary
From: Regional Supervisor, Field Operations
Subject: Geological Well Data Release Date

On November 20, 1996, our office released to the public the well data for Leases OCS-Y 0866 #, Kuvium #1,
OCS-Y 0865 #1, Kuvium #2, and OCS-Y 0866 #2, Kuvlum #3. The well samples for these wells can now be

released to the Geologic Materials Center in Eagle River as soon as practicable.

bee: OCS-Y 0866#1, 0866#2, and 865#1 6-C
Chron (area/cc/rd)
RPomeroy:rdp:11/21/96:Neary10.mem
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Abstract

The biggest development in the North Sea for a decade has attracted
industry attention as one of the most innovative projects to date. Seven
economically marginal fields with different owners and different
hydrocarbons have been brought together to create the £1.6 billion
Eastern Trough Area Project (ETAP). Innovation on both technical and
commercial fronts has been created by an unprecedented level of co-
operation between companies. This paper outlines the basis of the
project and the approach adopted to its formulation which resulted in
novel technical and commercial solutions.

The chalienge for today's North Sea, with ever decreasing field size, is to
reduce development costs/bbl to acceptable levels and to do this
through working the two available levers: cost and the number of barrels.
The ETAP solution to reduce cost and add barrels is to combine small
fields into a single project with development costbbl similar to a single
giant field, but with the reservoir risk mitigation inherent in accessing
multiple independent reservoirs. This approach created many hurdles,
both technical and commercial, and has stimuiated innovative solutions.

Technical hurdles include the need for long distance sub sea muitiphase
tiebacks in excess of 35 Km which have innovative chemical control and
multiphase metering. Commercially, the project presented a major
challenge as all parties agreed that a conventional unitisation of all the
fields into unified ownership interests was neither practical or desirable
in light of the range of fluid types and reservoir uncertainty. Accordingly
a structure was developed to a) share Capital and Operating costs
equitably, b) provide for production rights and production allocation and
¢) encourage full utilisation of the shared facilities.

The significant cost savings needed to make ETAP viable were largely
achieved in the conceptual design phase by designing shared and
centralised facilities for both oil and gas field management. in the
current project execution phase additional cost savings are being
delivered through turther application of “alliance contracting® with the
contractors for design, fabrication and installation of the facilities and for
the development drilling.

Introduction

Located within the Eastern Trough in the UK Central North Sea, the
project encompasses the simultaneous development of seven
accumulations (Mamock, Mungo, Monan, Machar, Heron, Egret and
Skua) which lie approximately 140 miles east of Aberdeen in water
depths of around 85 to 95 metres, and separated by distances of
between 3 and 35 Km. Field interests are held by BP, Shell, Esso, Agip,
Total, Murphy and Moex. While no one company holds an interest in all
seven fields, BP, Shell and Esso have the widest interest across the
fields.

The Mamock field contains gas condensate and the Skua, Heron and
Egret fields contain oil, all of which occur in over-pressured Triassic
sandstone within tilted fault biocks. Mungo and Monan are diapir flank
oil fields with separate gas caps reservoired primarily within Palaeocene
sandstone. Machar is also a diapir field containing oil within fractured
Chalk and in overlying Palaeocene sandstone.

The seven fields have total combined reserves of 400 million barrels of
oil, 35 million barrels of Natural Gas Liquids and 1.1 trllion cubic feet of
sales gas and thus is equivalent to the largest oil field to be developed in
the North Sea in the last 10 years. In terms of off take, the fields will
produce over 180mbd (annual average) of oil on plateau for 3 years. In
addition, gas produced from each field, after processing and planned
injection will be exported at around 350mmscfd (annual average) with an
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anticipated plateau of 5 years with a peak rate on plateau of up to
450mmscf/d.

Project Description - Facilities ,
The design principle was to consolidate facilities into a single Central
Pracessing Facility (CPF) which provides the processing requirements of
all the fields. The location of the CPF over the Mamock field was
selected as it provided the lowest overail development cost for the
project. Such a development concept enabled all but the Mungo field to
be developed as sub sea tie-backs. Mungo is developed through a
minimum facilities - Normally Unmanned Installation (NUI) in light of the
well numbers and anticipated intervention requirements. This resulted in
an overall reduction in cost in comparison to separate "standalone’
development of the fields and also to a reduction in operating costs. The
facilities have been designed to satisfy all regulatory and BP corporate
requirements in respect of health, safety and the environment.

The CPF comprises a two platform complex with a Process, drilling and
Riser platform (PdR) and a separate Quarters and Utility platform (QU).
The PdR and QU platforms are sited approximatsly 60m apart, and will
be linked by two bridges. This design maximises the separation
between the production risers and Mamock wellheads on the PdR
platform and the population centres on the QU piatform. The PdR
design provides spatial separation between the riser area and the
Mamock weltheads and jack-up drilling unit when this is present.

The PdR platform contains the process equipment (P), the Mamock well
bay (d) and the risers (R). The jacket for this platform is six legged,
weighing approximately 7,200 tonnes. The topsides consists of a cellar
deck (weight approximately 5,600 tonnes), which will be lifted onto the
jacket over suspended wells, and a process module (weight
approximately 8,100 tonnes). The total topsides net weight for the PdR
platform, including bridges and the flare structure comes to around
14,600 tonnes.

The QU platform contains accommodation (Q) facilities for 85 persons
and utilities (U), including the main power generators and the central
control room. The jacket for this platform is four legged. The topsides
will be lifted onto the jacket in a single [ift. The total topsides net weight
for the QU platform comes to around 6,900 tonnes.

Primarily for safety reasons, the bridges are both at the lowest platform
levels and are arranged such that the bridge ends on the PdR platform
are at the riser area and well bay area for rapid egress from these areas
of the PdR platform to the QU. Apart from fuel gas and chemicals there
are no hydrocarbons on the QU platform.

A total of 20 risers and sufficient J-tubes to accommodate up to 12
umbilicals for electrical power, hydraulic control and chemical injection
are installed on the PdR jacket. Dedicated slug catchers are provided
on the CPF for each group (Cluster) of tields, except Mamock, in order
to manage slugging and also to provide initial separation and allocation
metering. Mamock enters directly into the HP separator as the wells rise
directly on to the PdR.

The NUI at Mungo provides a platform for bulk separation of liquids and
gas. The liquids fiow directly to the CPF in a 12" pipeline. Eighteen
slots are provided for the anticipated number of production, water
injection and gas injection wells. Chemicals and electrical power for
Mungo will be supplied via an umbilical from the CPF. It is anticipated
that around one to two day-time visits per week will be required to carry
out pigging and other day-to-day operations. An emergency shelter is
provided on Mungo in the event that a crew may be unable to retum to
the CPF for any reason. The Mungo platform supports both a production
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and a test separator. A production manifold feeds the single three-
phase production separator and a test manifold feeds the test separator
which can measure individual well flows. Any separated produced water
is fed to a hydrocycione and degasser before being discharged locally or
fed back to the CPF for re-injection. There are no cooling or sea water
lift pumps provided, consistent with the aim of minimising equipment in
order to achieve the not nomally manned status of this platform. The
total topsides net weight for the Mungo deck is around 1,840 tonnes. A
16 wet gas line from the Mungo is routed to the CPF via Monan. A
‘combined Mungo/Monan slug catcher is provided at the CPF.

All fields other than Mamock and Mungo are to be developed by means
of sub sea well clusters manifold and tied back to the CPF. Control and
chemicals service wiil be provided by umbilical from the CPF. Hydrate
inhibition will utilise innovative Threshold Hydrate Inhibitor removing the
requiremants for costly methanol recovery facilities.

Machar is being developed with water injection with a five well producing
cluster tied back through a 16" pipeline to the CPF and a dedicated siug
catcher. Water injection will be provide by a 12* fiow line from the CPF
and the injection water will be used to power a sub sea multiphase
pump, installed in the 16" pipetine at Machar to assist in the retumn of the
produced fluid to the CPF.

Monan is configured as a three well cluster. The fiow streams are
commingled and fed back to the CPF via the 16" wet gas pipeline from
the Mungo NUI and into the dedicated slug catcher which also receives
the 12" oi line direct from the Mungo NUI.

Heron, Egret and Skua are developed sub sea as three separate well
head clusters tied into two 10" flow lines back to the CPF and in to two
separate slug catchers, one for each flow line.

Project Dascription - Commercial
Three altemative commercial approaches were identified in the initial
work to identify the commercial feasibility of the project:

- Unitisation of all fields into a single ownership

- Development of the CPF by a subset of Owners and tariffing of other
Users

- Development of the CPF with all ETAP participants as Owners.

Within the ETAP fields, the range of partnership interests, reservoir fluid
fypes, appraisal maturity, differing development costs and reservoir
uncertainties meant that “unitisation” of the fields into a singie equity
holding was not viable. The determination of interests in light of the
relative value of the different products, the uncertainties in development
costs and reserve level would have required prolonged negotiation which
would be open to failure through the miss-alignment of any one party's
view,

The development of the CPF as a shared facility presented a more
manageable problem - defining a basis of sharing costs and the
production rights across the CPF. This retains the key uncentainties
(drilling costs, reserves and different product values) within each of the
Clusters (groups of fields of common ownership). In development of
such amrangements early discussions established a series of principles
to be adopted:

e Maximise alignment - in avoiding conflict, development and
operation of the facilites would be simplified and agreement
would be forthcoming on any necessary decisions. Where such
conflict cannot be avoided clear rules must be defmed to manage
the inherent miss-alignment.

« Equitably share cost - key to the development concept is the
avoidance of pre-investment and the sharing of costs in relation to
each field's needs and usage. No fields were to benefit or dis-
benefit from the location of the CPF over the Mamock field.

s Encourage high utilisation - key in the development concept is the
use of the shared facilities in a manner that minimises operating
costs and maximises production on the day. In providing this
contractually, the rights of the original investors who paid for the
facilities must be safeguarded. During the development phase,
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maximum use of any installation vessels should be encouraged to
provide flexibility and reduce costs.

e Mitigate risks within defined limits - arrangements should seek to
cleary define the liability to risks and only seek to mitigate risk
within pre-defined limits as follows:

Facilities Risks - cost and liabilities should flow to the
underlying fields owners for the field facilities and to the
collective shared facilities owners for the CPF. Mitigation
of the facilities risks associated with design and installation
costs should be within pre-defined limits.

Drilling Risks - costs and drilling performance should
remain with the field owners.

Reservoir Risks - should lie with the individual field unless?
upside within another Cluster can access the facilities.
However, in providing for this protection, no party should
unreasonably be exposed to negative cash flows in lates
production life and a reasonable balance should be taken
in the event that one field were to encounter a reservoig
downside, this should be mitigated through either use o
that capacity by development of another field and/of
through the use by another existing field or fields of thé
unused capacity thereby accessing reservoir upside.

Ownership of the CPF: The ETAP commercial arrangements are baseq
on the development of the CPF as a shared facility owned by all th¢
patticipants (CPF Owners) in the fields essentially comprising af
amalgamation of the necessary facilities for each field into a commod
facility designed for the specific requirements of these investing fieldsg
The fields are grouped into Clusters which are based on the alignment o
partner holdings, and which also reflect commonality of reservoir type
and risks. This provides the Cluster parties with an element of ris|
mitigation as they will be able to manage their muitipie reservoirs withi@
the original investment and obligations to the CPF.

Identification of the CPF as a separate commercial entity from thg
Clusters enables differentiation of the role of the field operatd
(reservoir/drilling activity) from facilities operator of the CPF and Clustd
Facilities. All facilities will actuaily be operated by BP as Operator of tf;
CPF and as a provider of services to each of the Clusters. i
Cost Sharing of the CPF: The CPF costs (Capex and Opex) a §
aliocated to each of the Clusters on the basis of usage. The capital c
shares are fixed and were based on the nominated processirk
requirements of each Cluster. The CPF operating costs are split in§
Sustaining Opex (maintaining the platform for future use) a
Throughput Opex (variable costs as a function of use). The Sustaini
Opex is a fixed proportion of the costs and is allocated to each cluster
with the balance of the costs deemed to be Throughput Opex whichis
allocated on the basis of production. This seeks to reduce late life ugit
costs for fields with longer production profiles and reflects the futuge
value in maintaining the platform for all owners. This aligns costs go
production and future production options within each Cluster enabh?g
future decisions to be managed within each Cluster. i

Production Rights In the CPF: Each Cluster has a contractual 'Rié\t
To Throughput® on the CPF which is defined by a profile for each of; 7
major systems (HP Gas, LP Gas, Oil export, Gas Export, Gas Injecti
Water Injection and Produced Water). The contractual right is initi
defined by the design profiles but is subject to rights of extension
increase. Associated with these rights is a fixed Opex Sharing Obliga
to meet operating costs which deters "over-booking® of the system t
sterilising capacity. On the day, should ullage exist in any of
systems, each Cluster has equal right to access the available ult
enabling access to upside and encouraging high utilisation of

facilities, thereby reducing unit operating costs. This enables unce
to be managed within each Cluster through bringing on additi

production where possible. The obligation to Opex prevents of
Clusters from being exposed to downside performance by any o
Cluster.
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Any ullage on the CPF is aggregated and is owned in undivided rights by
each of the CPF Owners. The Ownership shares were derived from the
Capex Cost allocated to each Cluster and hence to each participant.
Management of the aggregated ullage by the CPF Operator on behalf of
the coliective owners ensures that most effective use of the facilities is
made.

Resulting Economic Benefits: The sharing of facilities clearly leads
through economies of scale to reduced capital and operating costs. In
comparison to the standalone development altematives, these savings
have been estimated on aggregate to be around 30%. In addition, the
production management of the CPF encourages high utilisation of the
facilities. In light of the very different nature of each of the main
reservoirs (they can be considered as risk independent of each other},
the opportunity exists for any Cluster to access additional capacity
unused by another, thus accessing upside and reducing unit costs for all
participants. Extensive use of such capacity is subject to tariff payments
which deter under-booking of capacity by any Cluster (to avoid the Opex
sharing obligation) and equitably' reflect the use of capacity not
previousfy invested in. When such capacity is used however, the tariffs
incurred are allocated initially to any under-performing Cluster (relative to
its original forecast) and then to CPF Owners. This effectively further
mitigates the downside of any under-performing Cluster should
additional production be available from other Clusters to take up the
under-used capacity.

Project Description - Alllance Contracting

During the Front End Engineering and Design phase of work it became
clear that significant cost savings could be delivered through the
execution of the project as a single integrated entity under an ‘Alliancing'
contracting strategy. For the BP Operated aspects of the project - CPF,
oil and gas export spurlines and the Mamock, Mungo, Machar cluster
facilities and wells, BP has established two separate alliances - one for
the facilities and one for the wells.

The ETAP Facilities Alliance involving Brown & Root, AMEC, Bamac,
Kvaemer Oil and Gas, Consafe, ECS and Heeremac is believed to be
the largest project to be undertaken under an alliance contracting
approach in the North Sea. This alliance has continued the expansion of
the scale of these amangements from the small Hyde development
through the medium sized Andrew development to ETAP, the BP
operated part of which has a capital budget of some £1.2 billion. Much
has been made of alliance type relationships in recent times and many
believe the very word now causes confusion. The definition of an
alliance relationship is one in which all parties are aligned to a common
business outcome and have a contractual relationship in which their
financial settiement is influenced by the performance of the joint
endeavour against the business outcome targets which were agreed.

Alignment of objectives has been established by developing a risk and
reward sharing mechanism that compensates or penalises for
achievement or failure to meet the ETAP key success factors - Capex,
Opex, first oil/gas dates, and plant performance (availability,
productivity).

The drilling and well engineering activity within the ETAP development
will be carried out by the ETAP Wells Alliance, cumently consisting of
BP, Schlumberger Well Engineering Services, Santa Fe Drilling, and
Nedrill. The ETAP wells alliance partners were selected following an
initial market enquiry and subsequent tender process involving five
consortia. In evaluation of the tenders equal weighting was given
between the tendered costs and the organisational, behavioural and
systems attributes of the bidders. The successful bidder had to
demonstrate best overal! value for ETAP as a whole and for each of the
clusters when considered in isolation.

The contract strategy for ETAP well activity is founded on the premise
that there i value in:

. building an alliance between BP and the contractors with
aligned objectives.

. contracting a single consortium for well construction, well
management and data acquisition.

. establishing the well alliance early, to enable the contractor

to influence outcomes rather han provide prescribed
solutions.

A

. the integrated service contractor and drilling unit provider
both play a key role, so where these are separate companies
they would hold equivalent positions in the alliance.

Project Inception

From the early 80s' and through to 1990, BP discovered and started
appraisal on Mamock, Machar, Mungo, Monan and Medan fields. In the
same period, Sheil discovered and started appraisal on Skua Heron and
Egret, and Ranger the Pierce Field. BP led studies for the separate and
standalone development of Mamock and Machar and these resulted in a
project proposals in 1990. Unfortunately the investment opportunities
were considered insufficiently attractive to their respective owners in the
environment of continued low oil price and growing concem on
escalating industry costs in the UK North Sea at that time. In the light of
this failure to commit to the projects and the knowledge that other
investment opportunities would seek the available investment funds,
something radical had to be done to further reduce costs if these fields
were to be developed in the foreseeable future. This was the catatyst for
the development of the ETAP concept.

The initial idea for ETAP came from BP and Shell who through early
studies established that integration of oil and gas field facilities was
technically possible and looked likely to significantly reduce overall
costs. The ongoing appraisal and continuing exploration programme in
the Central North Sea provided an excellent opportunity to add to the
reserves base for the development. However, as no field alone could
justify the pre-investment to enable development of the other fieids, a
simultaneous and “integrated” development was necessary.

In 1992 BP instigated intemal studies on the technical teasibility of a
simultaneous multi-field development involving known undeveloped
accumulations within the area covered by the Mamock, Mungo and
Machar fields. The BP studies covered Mamock, Skua, Mungo, Monan,
Mungo, Monan, Medan and Pierce. The results were made available to
all interest holders and were sufficiently encouraging for twelve
companies to agree to jointly continue the study to confirm the technical
and commercial viability of a fully integrated development. Before the
studies commenced Shell proposed including the Heron Field which they
operated; this was a significant milestone in that it provided the
commitment of Shell as an operator into the project.

Over the subsequent years the project was shaped with the participation
of all the various field owners. Early in this process, it was agreed that
both Medan and Pierce were too far from the centre of the development
and that this presented unacceptable risks that the respective field
owners could not agree on. Accordingly these fields where excluded
from the project.

Project Management :
Project approval in December 1995 represented the cuimination of four
years of work through five main steps. Firstly the technical and
commercial feasibility was proven. Secondly, the concept was selected
where multiple development options were considered and the
commercial principles agreed. Thirdly, once appraisal was completed,
the concept was confirmed, all design elements were fixed, a technical
case with cost definition to +30% was produced and the design
contractors selected. Fourthly, Front End Engineering and Design was
conducted by BP and the design contractors and produced a technical
definition and cost estimate to within £+15% which was suitable for
sanction. Fifthly, the sanction process commenced along with the
formation of the Facilities Alliance. In April 1992 it was estimated that
these five stages would take a minimum of 30 months to complete; they
took just over 43 months.

Step 1- Technical and Commercial Feasibility Testing (Apr. 92 - Oct.
83): A Joint Integration Studies Agreement was put in place with the
objective of assessing the technical and commerciat feasibility of an
integrated development of nine fields; Mamock, Mungo, Machar, Heron,
Monan, Skua, Scoter, Medan and Pierce. One of the key conditions set
at the beginning of the study was that integration would be compared
against realistic standalone development options and that all information
would be freely avaitable to all parties. In addition the resuits of the
study had to be sufficiently fiexible to accept surprises in the ongoing
appraisal programme on the Mungo, Monan, Heron and Scoter Fields.



The studies revealed that there was potential to achieve in the region of
25% (ca. £450 million) cost saving through integration. They also
confired that, although the development was technically and
commercially viable, there were significant challenges which would need
to be overcome before the project could be taken forward and defined in
more detall.  The technical challenges largely involved the feasibility of
long- sub sea multiphase tiebacks without pressure support. The
commercial challenges stemmed from the need to reduce the costs of
Qas processing and export while maintaining market competition, and in
the definition of cost sharing for common facilities if the development

These conclusions were reached in March 1993 and it took further
studies up to October 1993 before the oil companies were sufficiently
satisfied to proceed to more detailed definition of the project. These
latter stage of studies confirmed the design with a Central Processing
Facilities (CPF) would be optimal located over the Mamock field. The
.- location of the CPF over Mamock was of sufficient concem to the
owners of the most distant fields (Pierce and Medan) that these owners
decided to withdraw from ETAP at this stage. At the same time the
studies were sufficiently encouraging for Shell to add the Egret
accumuiation to the studies and for BP to add the Mirren field which had
recently been appraised successfuily.

in retrospect, one of the most important outcomes of the Joint Integration
Studies was the recognition that there was a namow window of
opportunity to use existing gas export infrastructure in the year 1998; if
this window was missed then a new build gas export system was
considersd inevitable at considerable extra car:ial expenditure. This
established at an early stage in the project a irr-~ttant backstop which
(although somewhat speculative at the time) seised to drive the project
schedule for the next two years.

Step 2 - Concept Selection (Nov. 93 - Apr. 94): The objective of the
Concept Selection phase of studies was to:

* - Fix the reservoir depletion schemes.
+  Select .a single development concept with process varations to
support continuing transportation and sales negotiations.
s  Selection of competitive oil and gas export and processing options
to enable the design to be matured and negotiations continued.
» - Agree principles of the commercial structure, the allocation of both
7 capital and operating costs and the management of production.

This was the major period of reservoir and engineering option screening.
The last appraisal wells had only just been completed and a wide variety
of reservoir depletion schemes and facilities types were reviewed with
full economic evaluation. Natural depletion, water injection and gas
injection depletion schemaes were assessed for each reservoir. A wide
variety of fixed and floating instaliations were assessed. Pipeline and
offshore loading export options were reviewed.

On the basis of this work the depletion scheme for each reservoir was
selected and a fixed installation was chosen with pipeline export,
aithough the nature of the fixed installation remained open for market
tendering to the next phase.

One of the major achievements of this phase of studies was the
agreement to the principles for ownership of common facilities, for the
cost sharing of the common facilities and for the management of
production. These principles gave sufficient comfort that a development
was feasible without full unitisation and allowed progress into the next
phase of the project.

Step 3 Concept Confirmation (May 94 - Nov. 94): The objective of the
‘Concept Confirmation Phase was t0 :

«  Fix all reservoir service requirements
Fix design rates for all product streams
« - Produce a technical definition and cost estimate with an accuracy of
i + 30%
«  Confirm the validity of the concept selection in the marketplace
+ " Select the design contractor.
«  Produce a design Statement Of Requirements for entering the next

phase.
«  Produce Field Development Programmes for each field

» Commence export negotiations with potential transport and process
services providers with the minimum number necessary to provide
realistic competition.

+ Finalise agreement on the mechanisms and procedures for the
ownership, cost sharing and production management of the shared
facilities.

This phase closed down many of the options associated with a fixed
installation. Safety, cost benefit analysis led to the selection of a twin
platform for the CPF with steel jacket substructures, together with a
Nommally Unmanned Installation for the Mungo field; the remainder of the
fields being sub sea developments. Brown & Root were selected as the
design contractor.

At this time it was recognised that the Scoter and Mirren fields were not
sufficiently robust to progress to sanction. The emphasis on these fields
switched from full inclusion to making provision for their possible later
tie-in to ETAP. The core scope of the development to be defined further
was thersfore Mamock, Mungo, Machar, Monan, Heron, Skua and
Egret. The economics confirmed that the development remained
attractive so a Statement Of Requirements was produced with the aim of
being fixed; this proved overly ambitious.

Step 4 - Front End Engineering and Design (Dec. 94 - Aug. 95) : The
objective of the Front End Enginearing And Design Phase was to :

* Produce a technical definition and cost estimate with an accuracy of
+ 15%

Select the procurement and fabrication contractors

Establish alliance and agree risk and reward.

Produce Field Development Programmes for each field

Complete export negotiations and select export routes.

Execution of ETAP Joint Development Agreement.

Draft of Operating Agreements

The engineering definition progressed into Front End Engineering
Design to provide both sanction requirements and a basis for detailed
design. Initial costs estimates from this work were completed in March
95 but indicated a significant increase in costs from earlier work. A
process of “challenge* was adopted to identify savings from within this
initial estimate in order to bring the costs more in line with previous
estimates albeit at a higher accuracy of around +15%/-15% to produce
the final statement of requirement. )

Step 5 - Sanction (Sept. 95 - Dec. 95) : Through the period of obtaining
individual company investment sanction, work progressed into detailed
design in order to maintain a 3Q98 first production date. Field
Development Plans and an overall integrated Development Plan were
submitted to the Department of Trade and Industry for approval. All
necessary commercial operating agreements were extensively reviewed
and finally agreed pending some limited further drafting from agreed
principles in discrete areas. Sanction and development consent was
achieved late in December 1995.

Lessons Learned

The challenges presented by ETAP to both BP and the various other
field participants required extensive consideration of how such projects
are managed. No pre-existing formula for success existed and many in
the UK industry at the time were vary sceptical that such a project
concept was feasible given the prevailing lack of co-operation between
Operators. In progressing ETAP through development approval, a
number of key lesson were leamt.

In the formulation of ETAP in 1992, the two most enduring lessons were
leamed. The key to securing the attention of the companies to any
radical new development concept was to focus on the increased value
accessible through such an approach, and not in seeking to answer all
the *99 reasons why it can't be done®. This lead to the second - not all
the questions could even be established let alone answered. These two
insights iead to the development of a step by step program to define the
investment opportunity (outiined above).

Team Formuiation : Success in any compiex endeavour is reliant on
teams of people and not on individuals. Establishment of the teams and
ensuring that each team understands the overall objectives of the project
and their contribution is essential to success. It is important to recognise
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that this is the role of management every bit as much as decision
making, or rather endorsement, and that this is a major endeavour
requiring significant time commitment. Key is -

* early establishment of a small team to explore the perceived
. igsues.
« ensuring partners are effectively part of the teams.
» integration across disciplines to ensure shared understanding.
» establishing the project team early with formation of the alliance to
ensure ownership of the design and cost estimate.

Exploring the Options : To aliow productive and creative discussions to
take place in an environment which is typically the exciusive domain of
the hard bitten negotiator requires that all of the stakeholders allow each
other the space to “experiment® without prejudicing either the individual
or the company which they represent. We achieved this in ETAP to
great effect and it speaks highly for the quality of the contribution to the
commercial structures which all of the co-venturers have made.
Commercial meetings in the ETAP were likened more to seminars with
everyone round the table seeking to find the solution rather than the
traditional modal of the operator bringing “the answer" to the table and
then attempting to convince all concemed why it is the right answer. Key
is -

» establishing an environment of trust and willingness to step forward
through complex issues with working assumptions which are open
to subsequent ratification.

* being willing to challenge intemally the wish for each company to
optimise its position on each decision.

Decision Making : Acknowledgement and alignment of the objectives
of all of the players in the endeavour is an imperative which never goes
away. It is as true for the equity participants as it is for the Alliance
contractors, and the various regulatory authorities. It is as true at the
strategic level as it is at the detailed issue level. These objectives may
change with time and by individual player but the key to maintaining
progress in complex relationships is to manage to maintain as high a
degree of alignment as possible around the table. When progress
seems to be lacking, the root cause nine times out of ten is that the
underlying alignment has gone, although the "apparent" problem may be
something else entirety. Key is -

« establishing what extemal factors drive the timetable and identifying
key backstops.

« defining a series of steps in taking decisions, and taking one step at
a time.

e driving the timetable by decision making and establishing when a
decision really does need to be made.

+ establishing early what it takes for each company to make decisions
and their corporate intemal requirements.

+ planning for success will ensure that the next step is formulated
before the current one is finished.

s ensuring thorough and complete analysis of discarded options
otherwise they tend to continue to be considered diverting focus
within the team.

« recognising that sometimes making a decision is more important
than the decision itself.

Conciusion

Every day the industry faces a bamage of technical information
describing the latest new technology which will enhance the
performance of the exploration and production business. In the
particular case of the North Sea, great reliance is cutrently placed on
what floating production systems may offer, and also upon the ever
increasing complexity of operations which can be carried out using sub
sea developments. Technological advances are to be welcomed and
embraced but of their own accord will not access all of the remaining
prize in the North Sea. :

The smaller fields of the future UKCS will need more novel
amangements - both technical and commercial - if their value is to be
unlocked. The industry needs to develop a competency in developing
these arrangements and we can no longer rely totally on the traditional
approaches.

')

ETAP was sanctioned and approved by the UK Govemment on 20th
Dec 1995, almost 5 years to the day from when the project was first
conceived within BP and 4 years after the initial proposal to partners.
The project has chailenged the UKCS industry to what can be achieved
through increased co-operation. ETAP was a bigger behavioura! and
commercial challenge than it was a technical one, and the achievement
is a tribute to all of the companies concemed. It seems hard to believe
that it will remain a ‘one of a kind example' of what can be done to
unlock the value of the smaller fields of today and tomorrow's North Sea
and other mature basins.
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ARCO Alaska, inc.
Post Office Box 100360
Anchorage Alaska 99510-0360
Telephone 907 276 1215

13 May 1993

Ma Rechuery Saills - RECEIVED

Fi E(C( 0 3 Ff M”j Anchorage, Alaska
MM = MAY 18 1993

A'vxclu/w?/j&

Dear Red,

Attached is the Final Report of "Kuvlum #1 Exploration Prospect Site Specific
Monitoring Program" prepared by Coastal & Offshore Pacific Corporation for
ARCO Alaska, Inc. (May 14, 1993).

For those who made them, we appreciate the comments which you provided on the
Draft Final Report. Each was carefully taken into account in the preparation of this
Final Report.

Marine mammal monitoring by COPAC at the Kuvlum exploration prospect will
also be conducted eerdueted in summer/fall of this year. This is the first occasion
on which a site specific monitoring effort will be carried out at the same Beaufort
Sea location in successive years. The program objectives will therefore remain the
same with the added expectation that, given adequate sighting data, even more
robust statistical analyses on bowhead whale migratory patterns in the vicinity of an
oil and gas exploratory operation can be performed.

Thank you for your interest in this scientific effort.
With best regards,

e

Bob Griffeth
Senior Consultant--Environmental Sciences
Tel. (907) 265-1551

Attachment: Kuvlum #1 Final Report ( 2 W)

ARCO Alaska, Inc. is a Subsidiary of Atlanti leld Company




UNITED STATES GOVERNMENT
MEMORANDUM

To: Regional Supervisor, Field Operations

Through: Supervisor, Rules, Orders, and Standards

From: Petroleum Engineer W X/Z 3// 7 Z_

Subject: Kuvlum Special PINC List and Critical Operations and Curtailment Plan
(COCP) Questions

Completion of the Kuvlum Special PINC list has been held up pending receipt from the
District Supervisor of information on the COCP. Approval of the Application for Permit
to Drill (APD) was made contingent upon satisfactory answers to a number of important
questions and needed clarifications on the COCP (see attachment 1). This request was
made formally on August 7, 1992. ARCO replied with a fax transmission late on Friday,
August 14, 1992 with the rig already on location. Several of the questions were not
answered adequately; most notably, a request to supply a complete explanation of
ARCOs kick tolerance policy for this well, which forms an integral part of the Kulluk
alert system and information as to how they propose to collect information sufficient to
calculate hazard time at least to Secure Time + 12 hours (Green Alert Status).

The Acting District Engineer and 1 have attempted, since receipt of this fax, to obtain
this information through the District Supervisor, both by verbal and written request. To
date we have still not received adequate information on either of these questions.

On the issue of kick tolerance, ARCO has provided a copy of Beaudril’s kick tolerance
policy which is, on the whole, acceptable. However, they explicitly state that "these
calculations do not in any way, provide a substitute for sound engineering judgement.”
They do not indicate what this "sound engineering judgement" is based on if not these
calculations. They also state that "Any final decision regarding alert levels and the
impact of kick tolerance on alert levels will be made by the ARCO and Beaudril
supervisors onsite." This, in effect, negates the COCP they have provided us. They
claim that Beaudril’s policy is flawed because it contains "numerous subjective
assumptions." The Acting District Engineer and I have examined this policy in depth
and find the few assumptions made both reasonable and not uncommon for any
engineering calculation. The only safety factor amounts to less than 0.335 pounds per
gallon.

It has further been communicated verbally to me by the District Supervisor that ARCO
intends to continue drilling below a zero kick tolerance level. In the opinion of the Field
Operations petroleum engineering staff, to do so would be irresponsible and a violation
of both 30 CFR 250.50, requiring use of best and safest technology to control the well,
and 30 CFR 250.54(a)(6), requiring a "safe margin between the mud weight in use and
the equivalent mud weight at the casing shoe as determined in the pressure integrity
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test." Furthermore, approval of such a policy by this office would almost certainly
constitute negligence and make us liable with the operator for any damages, deaths, or
injuries, resulting from a blowout where kick tolerance was allowed to drop below zero.

For Hazard time calculations, ARCO has not demonstrated that they have the means to
detect multi-year ice at a radius great enough to allow them pull back into casing, hang

off, disconnect, and pull anchors, and still have the necessary 12 hours operating time to
be in a green alert. Later in the well the Secure time alone may be more than 18 hours.

According to the APD approval letter, ARCO is not supposed to be drilling until these
issues have been resolved. I hope this is the case.

%m%

Attachment

bcc:  OCS-Y 0866 6A
Chrons(ros/cc)
ROS Supervisor
Author

JBreitmeier:finaled:nep:8/25/92
F:\USERS\ROS\BREITMER\KUV.MEM




ARCO Alaska, Inc.
Post Otfice Box .40360
Anchorage Alaska 99510-0360
Telephone 907 276 1215

March 5, 1993

U.S. Minerals Management Service

Attention: Mr. Allen D. Powers, Regional Director Received

949 East 36th Avenue, Room 603 OGS District Office

Anchorage, Alaska 99508-4302

Re: Determination of Well Producibility pon 271903
Kuvium #1 Well Management Service
OCS-Y-0866, Block 673 Mlnere::Ch srnage, Alaska

Flaxman Island Area
Eastern Beaufort Sea

Gentlemen:

We hereby respectfully request that the Kuvium #1 Well be determined as
a well capable of producing oil in paying quantities, as provided under 30
CFR 250.11.

The production test on this well began on September 30, 1992 and was
completed on October 4, 1992. A representative from your office, Mr. Jim
Reggs was present during the time of the testing of the well. The test
results from this well have already been provided to your office.
Additionally, we have included the PVT data from the oil sample that was
taken, as well as a breakdown of lifting costs associated with the Kuvium
#1 Well. Should you need additional information to qualify the Kuvium #1
Well, please advise the undersigned and | will be happy to provide it to
you. We would respectfully request that this data be held confidential in
accordance with 30 CFR 250.18.

We intend to unitize Block 673 with additional leasehold around the block
and plan to have a formal unit proposal and a request for suspension of
production submitted to you no later the end of this month. Therefore your
attention to this request prior to that date would be very much appreciated.
If you have any questions, please feel free to call me at (907) 263-4933.
Very truly yours,

David A. Sutter

District Landman

jls

cc:  Kuvium Working Interest Owners

ARCO Alaska, Inc. is a Subsidi y of At Bk b o

L e aaa.,

N
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ATTACHMENT

Union Texas Petroleum Alaska Corporation
Attention: Bruce Hamilton

1330 Post Oak Boulevard

Houston, TX 77056

Total Minatome Corporation
Attn: J. Kirby Barry

909 Fannin, Suite 2000
Houston, TX 77010

Mobil Exploration & Producing U.S. Inc.
Attention: Fred Pierson

3000 Pegasus Park Drive

Dallas, TX 75247

Phillips Petroleum Company
Attention: John E. Herndon
6330 West Loop South
Bellaire, TX 77401

Murphy Oil USA, Inc.
Attention: Mike Shirley
131 South Robertson
New Orleans, LA 70112



ARCO Alaska Inc.
Kuvhum #1

(OCS-Y-0866 #1 Well)

Determination of Well as
Capable of Producing
in Paying Quantities
pecdle ofic®
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Feceived
OCS District Office

Discussion in Support of the Kuvlum #1 Well /°? 2 % 1593
(OCS-Y-0866 #1 Well) Minerals Managom

ent ServiCe
Paying Quantities

Anchorage. Alaska

The following discussion provides necessary information required to
certify the Kuvlum #1 (OCS-Y-0866 #1) well as capable of producing in
paying quantities. This discussion will include a review of tested oil
rates from the well, a complete reservoir fluids analysis of the
produced oil, a brief discussion of anticipated well production
operations, the anticipated incremental well operating costs, and a
paying quantities calculation. It is understood that this information is

g T EICCIOCT L) GItE . PSRV L3
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Tested Oil Rate:

Two separate drill stem tests from the single hydrocarbon bearing
perforated interval are available to illustrate the productive capability
of the Kuvlum #1 well.

During the final 8 hours of the flow period of DST #1 (Oct. 1, 0130-
0930 hrs), the well flowed at a stabilized oil rate of 1680 BOPD of 33.5
Degree API oil with flowing tubing pressure of 652 psig. The detailed
well production report for DST #1 is included as attachment 1.

During the final 3 hour flow period of DST #2 (Oct. 4, 0200-0500 hrs)
the well flowed at a stabilized oil rate of 3580 BOPD with flowing
tubing pressure of 300 psig. The detailed well production report for
DST #2 is included as attachment 2.

This information, along with additional test information, is available in
the report entitled “Kuvlum #1, September 30 - October 4, 1992,
Drill Stem Test” prepared by Halliburton Reservoir Services of which
two (2) coples were previously sent to your office. Mr. Jim Regg of
your office was present to witness testing of the Kuvilum #1 well.

Reservoir Fluid Anatysis:

Attachment 3 is a standard reservoir fluid study of the Kuvium #1 well
prepared by Core Laboratories. For security purposes, the Kuvlum #1
well name was not referenced in the reservoir fluid analysis report.
The laboratory measured oil gravity of 34.2 Degree API confirms the
field oil gravity measurements and indicates that the produced oil is of

high quality.




Production Operations:

A typical production completion for a Kuvlum well would consist of
drilling through the productive sand interval and cementing
production casing in place. The well would then be perforated through
casing. The completion would consist of production tubing with gas lift
mandrels, a production packer, and subsurface safety valve. The well
would be manifolded to allow for gas lift operation as needed. Fluid
production of a typical Kuvlum well would be by either natural flow or
gas lift assisted flow. Replication of Kuvlum #1 testing parameters of
wellhead pressure, tubing size, reservoir pressure drawdown, and oil
production rate would be easily attainable in a continuous field
production operation.

mental Well H

The incremental operating costs of a well are assumed to be those
costs directly related to the operation of a given well such as chemical
usage, metering, maintenance, and routine wireline work. Incremental
well operating costs do not include a prorated share of the processing
facility, drillsite or platform operating and maintenance costs.

Average incremental well cost for a typical Kuvlum well is estimated to
be approximately 100,000 $/Well/Year. This estimate is based on a
study of routine Kuparuk River Field incremental well operating costs
exclusive of significant remedial repair work. It is assumed that the
typical Kuvlum well would be burdened by incremental well costs
similar to those seen at the Kuparuk River Field.

The Kuvium #1 well can be determined to be capable of producing in
paying quantities if the production of oil and/or gas in quantities
sufficient to yield a return in excess of incremental well operating
costs is achieved. In addition, excess returns are considered after the
payment of any production royalties. A federal royalty of 12.5% is
- included in the paying quantities calculation.

The incremental well operating costs and royalty payments described
above were used to determine the break-even oil rate required to yield
paying quantities for The Kuvlum #1 well. The oil price(s) used in
these calculations are based on the West Coast ANS Oil Price
Projections contained in the Revenue Source Book (Fall 1992)
published by the Department of Natural Resources, State of Alaska. A
copy of the pertinent price table is shown in attachment 4.




An example of the break-even oil rate needed to yield paying
quantities given an oil price of 17.13 $/STBO, an incremental well
operating cost of 100,000 $/year/well, and a federal royalty of 12.5%

is shown below.

Break-even Oil Rate= Incremental Well Operating Cost($/Year/Well)
Oil Price($/STBO)*(1-Royalty %)*365(Days/Year)

= 100,000($/Year/Well) .
(17.13($/STBO)*(1-.125)*365(Days/Year)

= 18.3 STBO/Day/Well

The break-even oil rate of 18.3 STBO/Day/Well from the above
example corresponds to the minimum 1993 oil price estimate of
17.13 $/STBO from the State of Alaska ANS price projection. This
calculation is before federal income taxes (BFIT).

The break-even oil rate requirement to achieve economic returns in
excess of operating costs was determined for a wide range of oil
prices. The break-even oil rate as a function of oil price is shown in
attachment 5. For the State of Alaska's 1993 range of oil price
projections, the break-even oil rate to achieve economic returns is
approximately 18 STBO/Day/Well. In a lower oil price scenario of 10
$/STB, it can be seen that oil rates greater than 31 STBO/Day/Well
provide returns in excess of operating costs. For a higher oil price
scenario of 25 $/STB, oil rates greater than 13 STBO/Day/Well provide
returns in excess of operating costs.

Conclusion;

Based on the above calculations, the break-even oil rate required to
achieve economic returns in excess of well operating costs and
therefore achieve paying quantities ranges from 13-31 STBO/Day/Well.
The drill stem testing of the Kuvlum #1 well demonstrated oil rate
productivity up to 3550 STBO/Day. The Kuvilum #1 well therefore
meets the MMS requirements of being capable of producing in paying
quantities.




Halliburton Reservoir Services Surface Test Data

ompany: ARCO Alaska,inc.

ell: Kuvium #1 DST #1
Date: 30-Sep-1992
' Tank And Separtor Data SCAN Data
Time Whp Wht Choke Inc Vol Rate CumVol GasRate Cum Mtr Oll Rate Mtr Gas Rate Cum Comments
(psig) (degF) (64ths) (bbls) (bbl/day) (bbis) Total Gas CorrVol (1.108) FProd Vol Total Gas
(msci/day) (msct) (bbls) (bbl/day) (bbis) (msct/day) (mect)

30-Sep-92 Page No.3.1.1
08:43:15 000 2100 12Adj Open Well For Initial Flow(Tank #2).
08:53:15 319.00 20.00 Closed 0.00 0.00 0.00 Close Well in @ LPR-N.
08:54:00 31537 43.89 Closed Colse Sub Sea Retainer Valve.
09:00:00 0.00 4201 Closed Rig Up Wireline w/SRO Gauge & "E" Probe.
09:37:00 329.15 39.68 Closed Press Up To Open Sub Sea Retainer Valve.
09:43:00 32940 38.19 Closed RIH w/Wireline.
10:19:00 332.20 33.57 Closed Attempt To Latch “E° Probe. Pulls Out @700# Over
10:19:00 332.20 33.57 Closed Line Wt. Make Five Attempts To Latch “E* Probe.
10:20:00 332.20 33.40 Closed POOH w/Wireline.
11:12:00 331.70 30.81 Closed Out Of Hole w/Wireline. Ciose Sub Sea Retainer.
11:31:00 0.00 34.03 Closed WL Rigged Down. Open Sub Sea Retainer.
11:40:30  327.00 34.00 12Adj 0.00 0.00 0.00 Open Waell For Test(Tank #2).
12:00:00 321.00 4200 16 Adj 0.00 0.00 0.00 Divert To Heater. Dirty Diesel Returns.
12:15:00 287.00 38.00 20 Adj 2.50 240.05 2.50 BS&W=0.01% Solids and Diesel Returns.
12:30:00 266.00 38.00 24 Ad} 250 240.05 5.00 BS&W=0.001% Sollds and Diesel Returns.
12:45:00 239.00 39.00 24 Ad| 583 560.11 1084 BSAW=0.02% Solids and Diesel Returns.
13:00:00 284.00 38.00 24 Ad) 9.59 920.18 20.42 BS&W=0.001% Solids and Dlesel Returns.
13:15:00 370.00 39.00 28 Adj 1500  1440.29 35.42 BS&W=0.001% Solids and Diesel Returns.

&oto:

1.) Opening Sub Sea Retainer Valve Requires Pressuring Up Tubing Above Retaliner.

2.) Falled Attempts To Latch "E* Probe Could Be The Result Of Debris From Initial Flow. The Bufter Tube Assembly Still Pluged At Surface.

3.) Posslble Failure Of LPR-N Invalidates Initial Flow And Bulldup.



ompany: ARCO Alaska,Inc.

Halliburton Reservoir Services Surface Test Data

ell: Kuvium #1 DST #1

ate: 30-Sep-1992

Tank And Separtor Data SCAN Data
Time Whp Wht Choke Inc Vol Rate CumVol GasRate Cum Mt Oll Rate Mtr Gas Rate Cum Comments
(psig) (degF) (64ths) (bbls) (bbi/day) (bbls) Total Gas CorrVol (1.108) Prod Vol Total Gas
(mact/day) (msct) (bble) (bbi/day) (bbls) (mect/day) (mscf)

30-Sep-92 Page No. 3.1.2
13:30:00 519.00 39.00 28 Ad] 1042  1000.20 45.84 BSAW=0.01% Solids 27% H20 and Diesel.
13:45:00 592.00 39.00 28 Ad) 2,92 280.06 48.76 Oll At Surface.
14:00:00 611.00 41.00 28 Adj 0.42 40.01 49.18 Gas At Surface Divert To Lo Stage.
14:15:00 665.00 38.00 28 Adj 2.50 240.05 51.68 178.57 1.88 BS&W=1.0% H20.
14:30:00 €91.00 38.00 28 Ad) 0.83 80.02 52.51 N/A BS&W=1.0% H20.
14:45:00 751.00 38.00 28 Adj 0.83 80.02 53.34 N/A BSAW=0.5% H20 0.001% Sollds.
15:00:00 745.00 37.00 28 Ad) 10.42 1000.20 63.76 683.05 090 588.08 2.04 BS&W=0.1% H20 0.001% Solids C02=0.2%.
15:15:00 784.00 33.00 28 Adj 11.25 1080.22 75.02 683.78 16.10 BS&W=0.75% H20.
15:30:00 762.00 38.00 28 Ad] .17 880.18 84.18 €61.56 22.99 588.47 14.30 ‘ BS&W=0.75% H20.
15:45:00 780.00 38.00 28 Ad] 17.09 1640.33 101.27 665.24 29.92 BS&W=0.25% H20.
16:00:00 782.00 38.00 28 Adj 6.67 640.13 107.94 74560 = 37.69 701.95 2893 BS&W=0.1% H20 C02=0.3% Divert To Hl Stage
16:15:00 78000 3800 28 Adj 0.00 0.00 107.94 788.32 45.87 BS&W=0.2% H20.
16:30:00 780.00 38.00 28 Adj 0.00 0.00 107.94 768.97 83.08 77511 45.07 BS&W=0.0%.
16:45:00 759.00 38.00 28 Adj 0.00 0.00 107.94 1047.53 64.79 BS&AW=0.0%.
17:00:00 713.00 38.00 28 Pos 0.42 13.34 108.36 1081.17 76.05 934.13 64.53 BS&W=0.0% OG= 34 @ 60 D.F. CO2=0.2%
17:15:00 70500 38.00 28 Pos 9.17 880.18 11752 109388  087.44 BS&W=0.1% H20 Lo Stage Meter Freszing Up.
17:30:00 703.00 38.00 28 Pos 25.84 2480.50 143.36 1102.63 88.93 1094.68 87.34 BS&W=0.01%.
17:45:00 701.00 38.00 28 Pos 24.59 2360.48 167.95 108345 110.22 BS&W=0.02%. Inject Detoamer Data Header.
18:00:00 699.00 39.00 28 Pos 22.50 216043 190.45 108868 121.58 107640 10983 BS&W=0.25% OG= 33.3 @ 60 D.F. CO2=0.35%
18:15:00 698.00 39.00 28 Pos 19.17 1840.37 209.63 1077.14  132.78 BS&W=0.1% Gel.
18:30:00 €95.00 39.00 28 Pos 19.17 1840.37 228.80 1004.83 144.18 33.93 1801.88 33.83 107345 132.19 BS&W=0.1% Gel.
18:45:00 695.00 4000 28 Pos 20.00 1920.38 248.80 1108.81 166.73

BS&W=0.05% Gel. Gas Gravity = 0.722.



Company: ARCO Alaska,inc.

Halliburton Reservoir Services Surface Test Data

Nell: Kuvium #1 DST #1
Jate: 30-Sep-1992
Tank And Separtor Data SCAN Data
Time Whp Wht Choke Inc Vol Rate CumVol GasRate Cum M Ol Rate Mtr Gas Rate Cum Comments
(pslg) (degF) (64ths) (bbis) (bbl/day) (bblse) Total Gas CorrVol (1.108) Prod Vol Totat Gas
(mect/day) (mscf) (bbis) (bbl/day) (bbls) (msect/day) (mecl)
30-Sep-92 Page No. 3.1.3
19:00:00 683.00 40.00 28 Pos 21.25 204041 270.05 1107.18 t67.27 3354 1700.57 67.47 1005.41 184.00 BS&W=0.1% Gel OG= 33.9 @ 60 D.F. CO2=0.4%
19:15:00 691.00 40.00 28 Pos 22.09 2121.42 202.14 110243 17878
19:30:00 €90.00 40.00 28 Pos 18.34 1760.35 31048 1102.01 190.23 3299 1761.01 100.48 110728 177.87
19:45:00 689.00 40.00 28 Pos 20.42 1960.39 330.90 114028 202.11
20:00:00 687.00 41.00 28 Pos 18.34 1760.35 349.24 1086.31 213.42 33.02 176208 13348 109194 20062 BS&AW=0.0% OG= 34.0 @ 60 D.F. C02=0.02%
20:30:00 68500 41.00 28Pos 984.96 233.94 3281 1731863 166.09 111089 223.7¢ Started One Hour Tank Straps.
21:00:00 683.00 4200 28Pos 81.68 1960.39 430.92 108168 256.08 3245 172263 198.54 1087.76 24843 BSAW=0.0% OG= 33.9 @ 60 D.F. CO2=04%.
21:30:00 680.00 4200 28Pos 106880 278.33 3249 172468 23103 108837 269.10
22:00:00 678.00 43,00 28Pos 47.09 1130.23 478.01 1081.40 300.44 3196 1698.71 26299 1054.76  201.07 BS&AW=0.0% OG= 33.6 @ 60 D.F. CO2=0.4%.
22:30:00 675.00 44.00 28Pos 1038.21 322,07 3183 1689.78 204.82 102988 31253
23:00:00 672.00 44.00 28 Pos 80.02 1920.38 5588.03 101832 343.29 31.71 168355 32683 101898 33371 B8SaW=0.0% OG= 33.8 @ 60 D.F. CO2=0.9%.
23:30:00 672.00 4400 28 Pos 1005.82 364.2¢ 31.83 1689068 35838 1008.74 854.67
01-Oct-92 .
00:00:00 671.00 4400 28 Pos 7043  1690.34 628468  1000.98  385.10 3208 170294 39044 WIB/4 376383 BBAW=0.0% OG= 33.7 @ 80 D.F. CO2=0.3%.
00:30:00 668.00 45.00 28 Pos 87935 405.50 31.18 185824 421.62 1001.tt  398.19 Gas Gravity = 0.730.
01:00:00 668.00 45.00 28 Pos 75.02 1800.38 703.47 995.71 426.24 31.69 180244 453231 101274 41720 BS&W=0.0% Oll Grav= 33.6 @ 60 D.F.
01:30:00 664.00 4500 26 Pos 1008.68 447.22 31.28 1659.02 484.57 101450 43842
02:00:00 663.00 46.00 28 Pos 74.18 1780.38 777.68 1000.11  488.05 31.14 1652.85 S815.11 991.20 459.07 B84W=0.0% OG= 33.9 @ 60 D.F. CO2=0.3%.
02:30:00 661.00 46.00 28 Pos 990.80 48869 30.98 164339 546.68 1008.60 480.10
03:00:00 659.00 46.00 28 Pos 67.51 1620.32 845.17 102499 510.05 30.85 163743 577.51 1018.51 501.32 BS&AW=0.0% Oll Grav= 33.6 @ 60 D.F.
03:30:00 657.00 46.00 28 Pos 1030.16  531.51 30.87 1628.28 600.18 104128 §23.02
04:00:00 656.00 47.00 28 Pos 62.51 1500.30 807.68 1027.72 65292 30.71 1630.81 838.80 104563  544.81 B88&W=0.0% OG= 33.8 @ 60 D.F. C02=0.2%.




ompany: ARCO Alaska,inc.

Halliburton Reservoir Services Surface Test Data

ell: Kuvium #1 DST #1

ate: 30-Sep-1992

Tank And Separtor Data SCAN Data
Time Whp Wht Choke inc Vol Rate CumVol GasRats Cum Mir Oll Rate My Gas Rate Cum Comments
(pelg) (degF) (64ths) (bbis) (bbl/day) (bbls) Total Gas CorrVol (1.108) Prod Vol Total Gae
(mect/day) (mscf) (bbls) (bbi/day) (bbis) (mecl/day) (maecl)

01-Oct-92 Page No.3.1.4
04:30:00 655.00 48.00 28Pos 1027.7¢ 67433 3058 182337 68948 1043.70 Bes.ss
05:00:00 653.00 47.00 28 Pos 78.77 1890.38 986.45 1019.84 89558 31.862 167888 701.10 1037.76¢ B88.17 BS&W=0.0% Oil Grav= 34.8 @ 60 D.F.
05:30:00 65200 47.00 28 Pos 101807 616.78 3148 166985 732.54 104778 610.00
08:00:00 651.00 48.00 28 Pos 67.51 1620.32 1053.96 1007.72 6€37.74 3048 161647 763.00 1023.84 83132 BS&W=0.0% OG= 32.1 @ 60 D.F. C02=0.2%.
06:30:00 649.00 48.00 28 Pos 1028.29 859.18 31.68 168109 794.68 102658 652.11
07:00:00 647.00 48.00 28 Pos 74.18° 178038 1128.14 1007.08 680.14 3209 170380 826.78 101253 67381 BS&W=0.0% Oll Grav= 32.9 @ 60 D.F.
07:30:00 646.00 48.00 28 Pos 1009.28 701.17 31.28 1659.23 858.00 1005.23 69475
08:00:00 644.00 48.00 28 Pos 84.18 2020.40 1212.33 94229 720.80 30.76 1633.2¢ 888.77 882.18 715.21 B3AW=0.0% OG= 33.2 @ 60 D.F. CO2=0.2%.
08:30:00 64300 49.00 28 Pos 831.69 740.21 31.08 16850.14 919.88 83787 73476
09:00:00 642.00 49.00 28 Pos 54.18 1300.26 1266.50 942.94 759.85 31.69 1682.17 95154 858.12 76473 Started 30 Minute Tank Straps.
09:30:00 64000 49.00 28 Pos 30.84 1480.30 1207.34 918.01 776.98 a7 1686.88 98332 93333 774.18 Attempt To Close LPR-N Valve. Did
10:00:00 637.00 49.00 28 Pos 3292 1580.32 1330.27 856.13 768.90 Not Close. Continue To Cycle Annulus
10:30:00 635.00 49.00 26 Pos 40.42 1940.39 1370.69 98690 819.04 96282 70423 Pressure With No Success.
10:48:00 558.00 47.00 28 Pos 17.09 16537.81 1387.78 957.78 0604.20 Close OMNI Vaive.
10:47:00 160.00 41.00 Closed 0.83 1200.24 1388.61

Close Sub Sea Retainer Valve.
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Halliburton Reservoir Services Surface Test Data

Company: ARCO Alaska,inc.

Well: Kuvium #1 DST #2
Date: 02-Oct-1992
Tank And Separtor Data SCAN Data
Time Whp Wht Choke Inc Vol Rate Cum Vol GasRate Cum Mt Oll Rate Mtr Gas Rate Cum Comments
(pelg) (degF) (64ths) (bbls) (bbl/day) (bbls) Total Gas CorrVol (0.80448) Prod Vol Total Gas
(mect/day) (mecf) (bbls) (bbi/day) (bbls) (msct/day) (msct)

03-Oct-92 Page No.6.1.1
10:38:00 0.00 38.71 16 Ad| Open LPR-N For Flow.
11:00:00 0.00 37.56 26Adj 6.28% 375.08 8.25 Diesel Returns.
11:30:00 0.00 36.55 28Ad) 2.08 100.02 8.34 No Sample - Gas Only.
12:00:00 0.00 38.35 28Ad 0.42 20.01 8.78 No Sample - Gas Only.
12:30:00 0.00 35.74 28 Adj 0.83 40.01 9.59 No Sample - Gas Only.
13:00:00 000 3581 28 Ad) 0.42 20.01 10.00 No Sampie - Gas Only.
13:30:00 000 3836 28 Adj 0.00 0.00 10.00 No Sample - Gas Only.
14:00:00 0.00 3596 28 Adj 1.67 80.02 11.67 No Sample - Gas Only.
14:30:00 0.00 3448 28Adj No Sample - Gas Only.
15:00:00 0.00 32.99 28Ad| 0.42 20.01 12.09 No Sample - Gas Only.
15:30:00 0.00 3149 28 Adj No Sample - Gas Only.
15:43:00 0.00 30.80 Closed 0.00 0.00 1208 Ciose in Well @ LPR-N & Cycle OMNI! To Cir Pos
15:55:00 000 30.02 Closed LPR-N Vaive Closed - OMNI Valve in Cir. Pos.
16:03:00 17950 35.16 28 Adj Open Choke Manifold To Reverse Out To Tanks.
16:15:00 406.10 39.42 28 Adj Oll & Gas Returns.
16:18:00 415.13 3979 28 Ad) Emuleified H20 @ Data Header.
16:2Q:OO 38263 40.05 32 Adj
16:23:00 380.08 40.75 36 Ad}
16:30:00 391.48 4253 36 Adj BS&W=90% H20 0.25% Solids.
16:45:00 387.50 43.76 36 Adj BS&W=99.8% H20 0.2% Solids.
16:85:00 29675 44.13 Closed Finieh Reversing Out. 81 bbls Returned To Tank.
17:05:00 1065 42.32 Closed Start Displacing w/Dlesel. Returns Golng To Rig.
17:30:00 307.62 38.59 Closed

Continue Pumping Diesel.




Halliburton Reservoir Services Surface Test Data

Company: ARCO Alaska,inc.

Well: Kuvium #1 DST #2

Date: 02-Oct-1992

Tank And Separtor Data SCAN Date
Time Whp Wht Choke Inc Vol Rate CumVol GasRate Cum Mtr Oll Rate Mt Gas Rate Cum Comments
(psig) (degF) (64ths) (bbis) (bbl/day) (bbls) Total Gas Corr Vol (0.80448) Prod Vol Total Gas
(mact/day) (mscf) (bbls) (bbl/day) (bbis) (mscl/day) (msch)
03-Oct-92 Page No. 6.1.2

17:55:00 642.50 36.39 Ciosed Finish Displacing w/Dlesel. 44 bbis Pumped.
18:05:00 2176.75 36.01 Closed Cycle OMNI Valve To Well Test Pos.
18:21:00 0.00 3405 28 Adj Open Well To Flow @ LPR-N And Ch. Man.
18:23:00 151.60 4347 32Ad)
18:24:00 97.52 41.22 37 Adj
18:24:30 4282 39.05 40 Adj
18:25:00 2802 3953 44 Adj
18:30:00 0.00 42.15 44 Ad) 4.58 733.48 16.87 , Sampie - Clean Diesel.
18:38:00 0.00 4168 40Ad) Sample - Clean Diesel.
18:37:00 000 4161 36 Adj Sample - Clean Diesel.
18:38:00 0.00 41.57 32Adj Sample - Ciean Diesel.
18:42:00 0.00 4137 28 Adj Sampie - Clean Diesel.
18:45:00 0.00 41.27 28 Ad| 7.08 680.14 23.78 Sample - Clean Diesel.
18:49:00 0.00 4154 20Ad] Sample - Clean Diesel.
18:52:00 0.00 41.52 18 Adj| Sample - Clean Diesel.
19:00:00 000 41.23 16 Adj 4.58 440.09 28,34 Sample - Clean Diesel.
19:15:00 0.00 40.82 16 Adj 3.33 320.068 31.67 Sample - Clean Diesel.
19:30:00 0.00 4031 16Ad] 2.50 240.05 34.147 Sample - Clean Diesel.
19:45:00 1.88 3961 16Ad| 333 32008 a7.51 Sample - Clean Diesel.
19:55:00 2195 3947 20 Adj Sample - Clean Diesel.
19:58:00 29.90 3941 24 Adj Sample - Ciean Diesel.
20:00:00 31.30 39.25 28 Adj 5.00 480.10 42.51 Sample - Clean Diesel.
20:07:00 75.27 4063 36 Adj

Sample - Clean Diesel.



Halliburton Reservoir Services Surface Test Data

Company: ARCO Alaska,Inc.

Well: Kuvium #1 DST #2
Date: 02-Oct-1992
Tank And Separtor Data SCAN Data
Time Whp Wht Choke Inc Vol Rate CumVol GasRate Cum Mtr Ol Rate Mtr Gas Rate Cum Comments
(pslg) (degF) (64ths) (bbis) (bbi/day) (bbls) Totat Gas CorrVol (0.80448) Prod Vol Total Gas

(mscl/day) (mscf) (bbls) (bbl/day) (bbls) (mect/day) (mecl)

03-Oct-92 Page No. 6.1.3
20:15:00 §5.33 3860 36 Ad] 12.50 1200.24 55.01 Sample - Clean Diesel.
20:19:00 3435 3855 3B Adj Trace Formation Flulds To Surface.
20:30:00 12588 39.82 36 Adj ars 360.07 58.76 BS&AW=75% H20 Sallnity=110,000 ppm PH=7 5.
20:45:00 230.65 3991 36 Adj 15.84 152030 74.60 BS&W=90% H20 0.3% Solids PH=8.
21:00:00 289.25 40.24 38 Ad) 333 320.06 77.93 567.80 591 BS&W=30% H20 0.2% Solids C02=0.15%.

21:15:00 35650 40.47 36 Ad| BS&AW=6% H20 0.1% Solids Sal.=108,000 ppm.

21:30:00 449.00 40.85 36 Ad) 0.00 0.00 77.93 342.78 1.19021 BSAW=0.3% H20 Salinity=108,000 ppm PH=7.5.
21:45:00 43925 41.08 40 Adj 338.5 235881 BS&W=5% H20 Trace Solids.
22:00:00 478.75 42.00 40 Adj 20.00 960.19 97.94 BS&W=0.5% H20 Trace Solids.
22:30:00 553.75 43.01 40 Adj 3542 170034 133.38 847.71 23.58 750.52 9.13414 BS&W=0.5% H20 Trace Solids.
23:00:00 564.50 41.89 40 Adj 26.67 1280.26 160.03 904.68 42.42 44 .87 172489 44.67 902,364 27.9334 BS&W=0.1% H20. Ol Grav.= 31.5 @60 D.F.
23:07:00 576.00 41.68 Closed 208 428.66 162.12 898.25 46.79 6.08 1002.29 50.73 879.438 32.2084 Shut Well in @ Choke Manifold.

23:11:00 688.75 4271 Closed

23:12:00 688.50 42.24 Closed

23:15:00 0.00 31.17 Closed
04-Oct-92

00:11:00 831,00 52.24 Closed

01:15:00 93325 39.05 16 Ad)

Shut Sub Sea Retainer Valve.
Bleed Ott Press. To Rig Up Wireline PLT.
Rig Up Wireline PLT.

Open Sub Sea Retalner Vaive And RIH w/PLT.

Open Well @ Choke Manlfold. increase Choke Slow
01:30:00 511.75 39.52 46 Ad)] 375 360.07 165.87 111043 58.38 111656 33.7592 BS&W=0.5% H20 Trace Solids.

01:37:00 468.75 40.93 52 Adj Increase Choke.

01:44:00 425.00 42.23 60 Ad| increase Choke.

02:00:00 351.75 43.78 60 Ad] 91.27 4380.08 257.14 1640.30 92.53 49.08 571180 99.79 1664.27 66.9341 BS&W=0.1% H20 Trace Sollde C02=0.15%.

02:30:00 309.25 4591 60 Adj 85.85 3160.63 32298 1513.79 12407 1089 412007 208.72 153217 98.8543 BSAW=0.3% Emulsion. @02:00 Start Defoamer.




Halliburton Reservoir Services Surface Test Data

Company: ARCO Alaska,Inc.

Well: Kuvium #1 , DST #2
Date: 02-Oct-1992
I Tank And Separtor Data SCAN Data
Time Whp Wht Choke Inc Vol Rate CumVol GasRate Cum Mtr Ol Rate Mtr Gas Rate Cum ‘Comments
(pelg) (degF) (84ths) (bbls) (bbl/day) (bbls) Total Gas Corr Vol (0.80448) Prod Vol Total Gas
{mact/day) (mecf) (bbls) (bbi/day) (bbls) (msct/day) (mscf)
04-Oct-92 Page No. 6.1.4
03:00:00 302.50 47.38 60 Adj 85.85 3160.63 388.803 143590 15398 10058 388380 30730 1309.88033 127.81 BS%W=0.1% Emulsion. Trace Sand.
03:30:00 299.50 48.66 60Ad} 6168 296059 450.51 1301.30 181.09 10183 392435 4008.93 1438.2687 1567.774 BS%W=0.1% Emuision. Trace Sand.

04:00:00 298.25 49.83 60 Adj 67.93 3260.65 518.44 110192 204.05 93.09 3594.58 50202 1188303 18253
04:30:00 29450 50.74 60 Ad] 70.01 3380.87 588.45 1059.26 226.12 8855 380542 600.57 1045.22 204308

BS&W=0.0% Trace Sand. 0G=31.86 @60 D.F.

05:00:00 29225 51.64 Closed 9502 456091 683.47 82350 243.27 98.24 379345 698.81 823.88 22147 Close Well in @ Choke Manifold.
05:12:00 737.00 49.01 Closed Close LPR-N Valve.
05:41:00 71150 39.13 Closed Close Sub Sea Retainer Vaive.
05:50:00 000 3163 Closed Rig Down PLT & Rig Up SRO Gauge w/"E" Probe.
06:42:00 0.00 31.73 Ciosed Open Sub Sea Valve.

06:45:00 688.00 40.72 Closed
07:26:00 687.75 31.89 closed
08:09:00 67350 29.20 Closed

Run in Hole w/SRO Gauge.
Latch "E* Probe. Pull 1100# Over Line Wt.
2 Attempts Can Not Open Valve. Remain Latched.

08:18:00 630.25 3160 Closed
008:19:00 653.00 3097 18 Ad|

Open LPR-N Vaive.
Open Well @Choke Man. increase Slowly.

08:30:00 287.25 4455 128Ad| 2209 209149 705.56 1774.84 25683 BS&W=0.25% H20. Trace Sand.

09:00:00 27983 48.75 128Ad] 6043 2900.58 765.99 167688 201.7¢ 1897.27 233.256 BS&AW=0.0% Trace Sand. Oll Grav.=31.8 @60 D.F.
09:18:00 275.75 49.22 Closed 82.51 5001.00 828.50 1668.23 32631 Close Well In @ LPR-N And Ch. Man. For Ice Event.
09:20:00 35953 49.44 Closed Unlatch “E" Probe And POOH.
09:47:00 34289 3944 Closed OOH w/Wireline.

09:51:00 338.03 38.55 Closed Close Sub Sea Retainer Vaive. Bieed Off Press.

Rig Down CoFlex Line. Rig Up Kiil Line.

10:20:00
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Reservoir Fluid Study
for

Arco Exploration & Production Technology

RFL 920279
19-Nov.92

A product of

Core Laboratories
a division of Western Atias international, Inc.

The analysis, opinions or interpretations contained in this report are based upon observations and material supplied by the client
for whose exclusive and confidential use this report has been made. The interpretations or opinions expressed represent the
best judgement of Core Laboratories. Core Laboratories assumes no responsibility and makes no warranty or representations.
express or implied, as to the productivity, proper operations, or profitableness however of any oil, gas, coal or other minerai,
property, weli or sand in connection with which such report is used or relied upon for any reason whatsoever.
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November 19, 1992

Arco Exploration and Production Technology
2300 West Plano Parkway

Rm PRC-E1115
Plano, TX 75075

ATTENTION: Mr. Russ Bone

Subject: Reservoir Fluid Study
Well:
File: RFL 920279

Dear Mr. Bone,

Multiple samples of separator gas and oil were collected from the subject well by representatives of
Arco Expioration and Production Technology. These samples were shipped to our laboratory in
Carrollton, Texas for use in a reservoir fluid study. The results of this study are presented on the

following pages.

It has been a pleasure to perform this reservoir fluid study for Arco Exploration and Production
Technology. Should any questions arise or if we may be of further service in any way, please do not
hesitate to contact us.

Sincerely,

Karl W. Karnes
Supervising Engineer
Reservoir Fluid Analysis

KWK

16 cc: Addressee
15 bound & 1 unbound

Dailas Advanced Technology Center

P O Box *“5322 Carretor Texas 7307 1-5044. 875 Monetar, Drve Carrs o~ Texas 75008 {214) 466-2673, Teiex 163166.CORDAL UT Fax 272 17 3330



Laboratory Procedures

Arco Exploration & Production Technology
Reservoir Fluid Study

RFL 920279

On October 16, 1992, multiple samples of separator gas and oil were received in our Carrollton, Texas
laboratory. Bubblepoint determinations of each liquid sample were measured at lab ambient temperature as a
quality check. Gas opening pressures were also measured. A summary of samples received in the laboratory
may be found on page four.

Each of the six separator gas samples was analyzed by extended gas chromatography to determine gas
composition to the last detectable peak. These data are presented on pages five through ten. The
compositions of the two separator oil samples were measured through a heptanes plus residual fraction by low
temperature fractional distillation. The heptanes plus fractions were further analyzed by gas chromatography
through hexatriacontanes plus. The composition and density of the fluids can be found on pages 11 through

16.

A routine quality control check of separator products’ compositions is a "K-value” plot of relative component
content versus component boiling point. Specifically, the K-value is the mole percent of a particular
hydrocarbon component of the gas divided by the mole percent of this component of the separator oil. When
the logs of the K-values of methane through hexanes plus nitrogen, carbon dioxide and hydrogen sulfide are
plotted against the boiling points of the individual components, the results should yield a smooth line.
Additionally, theoretical equilibrium ratios (K-values) can be determined for specific separator conditions
and plotted with the measured data. When these plots were made for the above compositional data, the plots
did not agree well with the theoretical data. An exampie of the K-value plots is presented following the
separator products' compositions and is designated figure QC-1.

The separator gas was combined with the separator oil to yield a saturation pressure of 3000 psig at 119°F.
This recombined reservoir fluid was used for all further analyses. The composition of the reservoir fluid was
determined through a heptanes plus residual fraction by low temperature fractional distillation. The heptanes
plus fractions were further analyzed by gas chromatography through hexatriacontanes plus. These data are
presentcd on pages 17 through 19.

A portion of the reservoir fluid was charged to a high pressure, windowed cell heated to the reported reservoir
temperature of 119°F. During the constant composition expansion at this temperature, a bubblepoint was
observed at 3019 psig. The results of the pressure-volume relations are presented on pages 20 and 21.

During the differential vaporization at the reservoir temperature, the fluid evolved a total of 612 cubic feet of
gas at 14.65 psia and 60°F per barrel of residual oil at 60°F. The resulting relative oil volume factor was 1.272
barrels of saturated fluid per barrel of residual oil at 60°F. The oil density and the properties of the evolved
gases were measured at each point during the differential pressure depletion and the data included in the
summary of the differential vaporization data on page 22.




Arco Exploration & Production Technology

RFL 920279

The viscosity of the reservoir fluid was measured over a wide range of pressures at 119°F in a rolling ball
viscosimeter. The viscosity of the fluid was found to vary from a minimum of 1.014 centipoises at the
saturation pressure to a maximum of 3.623 centipoises at atmospheric pressure. The results of the viscosity
measurements are presented on page 23.

Small portions of the reservoir fluid were subjected to two two-stage and one three-stage separator tests to
determine gas/oil ratio, stock tank oil gravity and formation volume factor. These data can be found on page
24. The gases and stock tank oil evolved from the "base case” separator test were collected and analyzed.
These compositions are presented on pages 25 through 28. The separator test data were used to adjust the
differcntial vaporization data to surface conditions and are summarized on pages 30 and 32.

A large portion of reservoir fluid was charged to a PVT cell at 119°F. From this sample three gas depletcd oils
were prepared at specified saturation pressures. A separator test was performed on the individual "DV" oils at
the same conditions as the "base case” multi-stage separator test investigated above. The results of these
analyses are presented on page 29.

Equations and nomenclature are included in the appendix of the report which extend and define the analytical
expressions and data relationships presented in the study.

if
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Arco Exploration & Production Technology

RFL 920279
SUMMARY OF PVT DATA
Reservoir Condltions
Current Reservoir Pressure ................... 3000 peig
Reservoir Temperature ..................ccceeue 119 F
Pressure-Volume Relations
Saturation Pressure ..............cceeisiinens 3018 peig
Avg Single-Phase Compressibility ........ 8.08 E-6 v/v/psi ( 5000 to 3019 psig )
Thermal Exp @ 5000 pSig ..........ccoeun... 1.02791 Vat119°F/Vat 70 °F
Differential Vaporization Data
(& 3019 psig and 119 °F )
Soiution Gas/Oil Ratio .............ccccceeveennes 612 sct/ bbl of residual oil st 80 °F
Relative Oil VOIUM® ...........cccovvvvivvernnnne 1.272 bbl / bbl of residual oil at 80 °F
Density of Reservoir Fluid ...................... 0.7448 gmvee
Reservolr Fiuid Viscosity
" 1.01 cp at 3019 psig and 119 °F
Separator Test Data
Separator Conditions Formation Total Solution Tank Oil Gravity
Volume Factor Gag/Oil Ratio ( *AP| at 60 °F )
psig F )] 8
100 90 1.276 625 34.1
100 140 1.284 632 34.0
500 90 1.260 593 34.6

(A) Barrels of oil at 3019 psig and 119 °F per barrel of stock tank oil at 60 °F
(B) Total standard cubic feet of gas per barrel of stock tank oil at 60 °F.
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Arco Exploration & Production Technology

RFL 920279

General Well information

COMPANY......couirincrnimereeecrsseesssssesssssransesnsens Arco Exploration & Production Technology
WO NBIME........ocoeriiirverecraenre s eenn s sresnss Brad Berg #1
APIWell NUMDAE.............oceorrcecmenrrncrersnrnnssnsns »
File NUMDAL............cocirnirimenmrereaneniresierenssenes RFL 920279
»

SAMPIB TYPB.......coceveverrrerercrererirsresesssnsesenns Separator
L

Well Description

FOrmation...........coovvenereriniennccerenreesnsesensssenes
POO! (OF ZONG).......ccoocveeerrrirercrirrerientisseenesesens
Date Completed.............cccceerreversrcrvenninesroenn,
EIBVAEON..........c.ccrmrrmrnrinirrerrcreeees e
Producing Interval...............cccoocvvevnirinnennvrnnnns
Tota! DBPIN........ecerereeeicnnnernerer e crens
TUDING SiZB.......ccoovivriiceericrneenieecnrerenrsanessers
Tubing DEPN.......coeoreeveirrreeeceeeeenreceereessernees
Casing Size.........cocoveeecceirerrceeecn,
Casing Depth...........cccivivnrecsiinnniernenenisnesenns ft

* % % % % % * B S B
2D

Pressure Survey Data

Data from Original Discovery Well

Reservoir Pressure .................cccceoeveereerensenennne . psig

Reservoir Temperature...................ccvevvneneennnee 119 F
Pressure TOOL..........c.cociimccrincncnrnnceenenins .

Flowing Bottom-Hole Pressure......................... . psig
Flowing Tubing Pressure................................... * psig

* Data not forwarded to Core Laboratories.

Page 2 CORE LABORATORIES




Arco Exploration & Production Technology

RFL 920279
Production Data
Data from Original Discovery Well
LOCEUON.........ooirenrcnecnneerrerserneesesnsaressssersesennns *
DRG..........rerer et hd
Oil Gravity @ STP...ouceeeececeeeieenes s * *AP
SepArator Pressure..............c.uvecrnneeccisesesens . psig
Separator Temperature...............c.ccceeeererererass * F
Production Rates
GBS.....oooertceee et sa s hd Mscf/D
LIQUIT. e tenaes hd STbbi/D
Gas/Liquid Ratio..........c.ccccevererrieenneeenrenen, * sct/obl
Separator Conditions
Primary Separator Pressure..................ccec.c.... * psig
Primary Separator Temperature........................ . o
Secondary Separator Pressure....................... * psig
Secondary Separator Temperature................... * F
Primary Separator Gas Production Rate.......... * Msct/D
Gas Factors -
Fieid Values:
Pressure Base..................cccoeeiiieceennnne * psia
Temperature Base.....................c.......... . r
Compressibility Factor (Fpv)................ .
Gas Gravity Factor (FQ)..........cccceuuanee. *
Laboratory Vaiues:
Pressure Base......................ccooceeereennne 14.68. psia
Temperature Base.....................ccc........ ] b
Compressibitity Factor (Fpv)................
Gas Gravity Factor (FQ)..........c..cceeenene.
Primary Separator Liquid Rate..................c....... . bbi/D at °F
Stock Tank Liquid Rate.............c.ccoeveeveevnecnnnens hd bbyD at °F
Separator Gas / Separator Liquid Ratio............ * sct/bbl
Separator Gas / Stock Tank Liquid Ratio.......... . sct/bbl
Stock Tank Liquid / Separator Gas Ratio.......... . bbi/Msct
Separator Liquid / Stock Tank Liquid Ratio...... hd bbi/obt  at *F
* Data not forwarded to Core Laboratories.
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Arco Exploration & Production Technology

RFL 920279

PRELIMINARY QUALITY CHECKS PERFORMED ON SAMPLES
RECEIVED IN LABORATORY

Separator Gas
Sampling Conditions Laboratory Opening Conditions
Cylinder Number Liquid
psig e psig F Recovered
(cc)
257903D 127 106 125 4l 2
349859C 127 106 135 n 2
349869D* 127 106 127 7 2
B8EK080 127 106 125 7 2
G20033 127 106 125 Ia 1
CLH478 127 106 125 Al 0
Separator Oll
Sampling Conditions | . Laboratory Bubblepoint
Cylinder Number Water
psig F psig bl Recovered
(cc)
1934710 127 106 98 7 3
W3A8814 127 106 61 €9 2

* Sample selected for recombination.
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Arco Exploration & Production Technology

RFL %0279

Composition of Separator Gas

( From Chromatographic Technique )
Ug
Component Mol % GPM MW Dens
(gm/ce)
Sampling Conditions
Hydrogen Sulfide 0.00
Carbon Dioxide 0.41 44010 8172 125 psig
Nitrogen 0.24 28.013 .8086 108 °F
Methane 82.30 16.043 2997
Ethane 567 1.508 30.070 .3s58
Propane $.17 1417 44.097 5085
iso-Butane 1.43 485 58.123 .S823
n-Butane 193 605 53120 5834 Sample Characteristics
iso-Pentane 0.88 .320 72150 .6241 Cylinder No. 2579030
n-Pentane 0.51 184 72150 6308
Hexanes 0.58 224 84.000 .88% Critical Pressure (psia) ............................ 644 2
Heptanes 0.47 197 $6.000 .7220 Critical Temperature CR) ......................... a76.3
Octanes 0.29 131 107.00 .74%0
Nonanes 0.09 048  121.00 .7640 Average Molecular Weight ...................... 21.79
Decanes pius 0.03 017 141.00 .7840
Calculated Gas Gravity (air = 1.000) ...... 0.782
Gas Gravity
Factor, FQ.......cccovccevmmnnnnnninnnncninnnn. 1.1528
Super Compresaibility Facter, Fpv
ot sampling conditions .......................... 1.0091
Totals ........... 1 10000 | 5.113 | ] Gas Z-Factor
af sampling conditions * ....................... 0.982
at 14.65 psis and 60 °F
Properties of Plus Frections
Gross Heating Value
Lig (BTU/sct dry gas) .......ccccvnvnrvecnnennnnnnne. 1299
Component Mol % Mw Dens AP}
(gm/cc) Gravity
Heptanes plus 0.88 103.7 0.738 446
Decanes plus 0.03 1410 0.784 383 Ale Content, mol %
Air OXyQoN .....ccoeirinrererrennnnceanrreenennnees 020
Air Nitrogen . 072
Total Air Content ..............cccccruervunennee.. 0.92
* From: Standing, M.B., "Volumetric and Phase Behavior of Oil Field
Hydrocarbon Systems®, SPE (Dallas), 1977, 8th Edition, Appendix Il. ' 4
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Arco Exploration & Production Technology

RFL 820279

Composition of Separator Gas
( From Chromatographic Technique )

Lig
Component Mol % GPM MW Dens
{gm/ec)
Sampling Conditions
Hydregen Sulfide 0.00
Carbon Dioxide 0.43 44010 8172 128 psig
Nitrogen 0.13 28.013 .8088 108 °F
Methane 81,03 16.043 2997
Ethane 586 1.559 30.070 .3558
Propane 850 1.507 44.097 .5088
iso-Butane 1.58 504 58.123 .5823
n-Butsne 224 702 58.123 5834 Sample Characteristics
iso-Pentane 1.07 389 72150 8241 Cylinder No. 349859C
n-Pentane 0.82 223 72.150 8305
Hexanes 0.68 262 84.000 .68%0 Critical Pressure (psia) ............................ 641.1
Heptanes 0.48 201 98.000 .7220 Critical Temperature {°R) .............c...o....... 37823
Octanes 025 113 107.00 .7450
Nonanes 0.10 050 121.00 .7640 Average Molecular Weight ..................... 2.4
Decanes 0.08 033 13400 7780
Undecanes plus 0.00 Calculated Gas Gravity (air = 1.000) ...... 0.771
Gas Gravity
T 1.1387
Super Compressibility Factor, Fpv
at sampling conditions .......................... 1.0093
Totals ........... ] 100,00 | 5543 | I Gas Z-Factor
at sampling conditions * ....................... 0.982
at 14.65 psia and 60 °F
Properties of Pius Fractions
Gross Heating Vaiue
Liq (BTU/sct dry gas) 1330
Component Mol % MW Dens API
(gm/ce) | Gravity
Heptanes plus 0.89 1045 0.737 4.3
Decanes plus 0.08 1340 0.778 39.1 Air Content, mol %
Air Oxygen 0.11
Alr NIIOGON ...conoeirinnnrineenerecrceeceeienenn. 0.40
Total Air Content ...........ccccenercnnrnnnnnnen... 0.52

* From: Standing, M.B., "Volumetric and Phase Behavior of Oil Field
Hydrocarbon Systems®, SPE (Dallas), 1977, 8th Edition, Appendix I.
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Arco Exploration & Production Technology

RFL 920279

Composition of Separator Gas

( From Chromatographic Technique )
Liq
Component Moi% | GPM MW Dens
(gmice)
Sampling Conditions
Hydrogen Suffide 0.00
Carbon Dioxide 0.43 44010 8172 127 psig
Nitrogen 0.14 28.013 8088 106 °F
Methane 81.53 16.043 2907
Ethane $.81 1.545 30070 .35%8
Propane §33 148 44.007 5068
iso-Butane 1.47 478 58123 5823
mButane 207 849 58123 5834 Sample Characteristics
iso-Pentane 0.97 353 72150 .6241% Cylinder No. 3498690
n-Pentane 0.58 202 72150 .8308
Hexanes 0.66 258 84.000 .685%0 Critical Pressure (psia) .......................... 6416
Heptanes 0.54 226 98.000 .7220 Critical Temperature (°R) 376.7
Octanes 0.37 167  107.00 7450
Nonanes 0.10 050 121.00 .7840 Average Molecular Weight ...................... x.18
Decanes 0.02 011 134.00 7780
Undecanes plus Trace Calculated Gas Gravity (air = 1.000) ...... 0.766
Gas Gravity
Factor, FQ ..., 1.1426
Super Compressibility Factor, Fpv
at sampling conditions .......................... 1.0093
Totals ........... ] 100.00 | 5.397 | | Gas Z-Factor
at sampling conditions * ..................... 0.982
&t 14.65 psia and 60 °F
Properties of Plus Fractions
Gross Heating Value
Lig (BTU/sct dry gas) ... 1321
Component Mol % MW Dens AP}
{gm/ce) | Gravity
Heptanes plus 1.03 103.1  0.73% 448
Decanes pius 002 1340 0779 39.0 Alr Cortent, mol %
Al OXYGON ..., 0.20
AT NRIOQON ..., 0.72
Total Air Content ................coeveerreennnnnn.. 0.92

* From: Standing, M.B., *Volumetric and Phase Behavior of Oil Field
Hydrocarbon Systems®, SPE (Dallas),1977, 8th Edition, Appendix il.
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Arco Exploration & Production Technology

RFL 820279

Composition of Separator Gas
( From Chromatographic Technique )

Liq
Component Mol% | GPM MW Dens
{gm/cc)
Sampling Conditions
Hydrogen Sulfide 0.00
Carbon Dioxide 0.43 44010 8172 127 psig
Nitrogen 0.13 28.013 8088 108 °F
Methane 81.39 16.043 .2097
Ethane 568 1.51% 30.070 .35%8
Propane 828 1.447 44,007 .5065
iso-Butane 1.47 478 58,123 5823
n-Butane 204 840 58123 5834 Sample Characteristics
iso-Pentane 1.02 3N 72150 6241 Cylinder No. 8EK080
n-Pentane 0.80 216 7215 8305
Hexanes 0.73 282 84.000 .68%0 Critical Pressure (psia) ...................c........ 639.3
Heptanes 0.59 247 $6.000 .7220 Critical Temperature CR) ...........c.ccoovnene 3749
Octanes ' 038 172 10700 7450
Nonanes 0.12 080 121.00 .7840 Average Molecular Weight ...................... 2.48
Decanes 0.09 049 13400 7780
Undecanes plus 0.05 030 154.00 .7950 Calculsted Gas Gravity (air = 1.000) ...... 0.778
Gas Gravity
Factor, FQ .ot e, 1.1356
Super Compressibility Factor, Fpv
at sampling conditions ......................... 1.0092
Totals ........... | 10000 | 5503 | I Gas Z-Factor
at sampling conditions * ....................... 0.982
ot 14.65 peia and 60 °F
Properties of Plus Fractions
Gross Heating Value
Liq (BTU/sct dry Qa8) ........c.coennarencenicccrnenans 1336
Component Mol % MW Dens APl
gg/ce) Gravity
Heptanes pius 123 1070 0.740 441
Decanes plus 0.14 1411 0.784 383 Air Content, mol %
Undecanes plus 008 1540 0795 369 |
AIr OXYQON ...ooccnvivcrinnenrnnriisenniaecrnnins 0.00
Air Nitrogen ............ccevveiienninnineccnine 0.00
* From: Standing, M.B., "Voiumetric and Phase Behavior of Oil Field
Hydrocarbon Systems®, SPE (Dallss),1977, 8th Edition, Appendix Il.
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Arco Exploration & Production Technology

RFL 820279

Composition of Separator Gas

* From: Standing, M.B., "Volumetric and Phase Behavior of Oil Fieid
Hydrocarbon Systems*, SPE (Dalias), 1977, 8th Edition, Appendix Ii.
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( From Chromatographic Technique )
Lig
Component Mol% | GPM MW Dens
_{gm/cc)
Sampling Conditions
Hydrogen Sulfide 0.00
Carbon Dioxide 0.40 44010 8172 125 psig
Nitrogen 0.28 28013 .8088 106 °F
Methane 82.85 16.043 2997
Ethane 573 1.524 30.070 .35%58
Propane 821  1.428 44.097 5088
iso-Butane 1.39 452 §8.123 56823
n-Butane 187 586 58123 5834 Sample Characteristics
iso-Pentane 0.88 .309 72130 6241 Cylinder No. G20033
n-Pentane 0.49 178 72.150 6308
Hexanes 0.51 197 84.000 .88%0 Critical Pressure (psia) .... 646.6
Heptanes 0.38 151 96.000 7220 Critical Temperature (°R) ......................... s
Octanes 0.21 098 107.00 .7450
Nonanes 0.07 035 121.00 .7640 Average Molecular Weight ...................... 21.49
Decanes plus 0.01 008 141.00 .7840
Caiculated Gas Gravity (air = 1.000) ...... 0.742
Gas Gravity
Factor, Fg 1.1610
Super Compressibility Factor, Fpv
at sampling conditions .......................... 1.0091
[ Totals ... [ 10000 | 4959 | T Gas Z-Factor
at sampling conditions * ....................... 0.982
at 14.6S peia and 60 °F
Properties of Pius Fractions
Gross Heating Value
Lig (BTU/scf dry gas) ........ccceuvernnnnnne..... 1283
Component Mol % MW Dens APl
(gm/ce) | Gravity
Heptanes plus 0.65 1029 0.738 448 '
Decanes plus 0.01 1410 0784 383 Air Cortant, mol %
Air OXYQON ..., 0.10
Air Nitrogen ............ 0.37
Tota! Air Content ................... 047
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Arco Exploration & Productior: fechnology

RFL 920279

Composition of Separator Gas

( From Chromatographic Technique )
Liq
Component Mol % GPM MW Dens
{gm/ce)
Sampling Conditions
Hydrogen Sulfide 0.00
Carbon Dioxide 0.48 44010 8172 125 psig
Nitrogen 0.2 28.013 .8088 108 °F
Methane 78.87 16.043 2997
Ethane 549 1480 30070 .3558
Propane 548 1502 44.097 .5085
iso-Butane 1.62 527 $8.123 .5623
n-Butane 24 756  58.123 5834 Sample Characteristics
iso-Pentane 1.28 488 72150 6241 Cylinder No. CLH478
n-Pentane 0.80 208 72150 .6308
Hexanes 1.27 480 84.000 .6850 Critical Pressure (psia) ............................ 625.8
Heptanes 1.47 618 96.000 .7220 Critical Temperature C°R) ........................ 370.8
Octanes Co 0.53 240 107.00 7450
Nonanes 0.11 085 121.00 .7640 Average Moleculsr Weight ...................... 24.09
Decanes plus 0.07 040 14100 .7840
Calculated Gas Gravity (air = 1,000) ...... 0.832
Gas Gravity
[T L R 1.0966
Super Compressibility Factor, Fpv
at sampling conditions .......................... 1.0089
Totals ........... ] 100.00 | 6.439 | } Ges Z-Factor
at sampling conditions * ....................... 0.982
at 14.85 psia and 60 °F
Properties of Plus Fractions
Gross Heating Value
Liq (BTU/sct dry gas) 1421
Component Mol % MW Dens AP|
(gm/ec) Gravity
Heptanes plus 218 1014 0732 45.1
Decanes plus 0.07 1410 0784 383 Alr Content, mol %
Air Oxygen 0.0t
Air Nitrogen 0.04
Total Air Content .............c......... S 0.06

* From: Standing, M.B., Volumetric and Phase Behavior of Oil Field

Hydrocarbon Systems*, SPE (Dallas), 1977, 8th Edition, Appendix Il.

Page 10
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Arco Exploration & Production Technology

RFL 920279

Composition of Separator Oil*

Liq Sampling Conditions
Component Mol % Wt % MW Dens
(gmvece) 127 psig
108 °F
Hydrogen 0.00
Hydregen Sulfide 0.00
Carbon Dioxide 0.05 0010 44.010 0.8172
Nitrogen 0.00
Methane 234 0.180 16.043 0.2997
Ethane 069 0100 30070 0.3558 Sample Characteristics
Propane 1.61 0.340 44.097 0.5088 Cylinder No. 1934710
-Butane 0.83 0230 S8.123 05623
n-Butane 1.51 0420 S8.123 0.5834
-Pentane 1.27 Q440 7215 0.6241 Average Molecular Weight ..................... 208.6
n-Pentane 1.47 0.510 72.18 0.6308 Sample Density (at60°F) ...................... 0.8596
Hexanes 3.05 1230 8400 0.68%
Heptanes plus 87.18 98540 231.00 0.87%0
] 100.00 | 100.00 |

Note: Heptanes plus MW and Density are measured values.
* Corrected for haxanes minus fraction identified in residue analysis.
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Arco Exploration & Productio: fechnology
RFL 920279

Composition of Heptanes Plus Fraction

( From Chromatographic Technique )
Component Mol Density | MW Vol
% % | (gmico) %

Hydrogen Sulfide 00 .00

Carbon Dioxide 00 .00

Nitrogen 00 .00

Methane 00 .00

Ethane 00 .00

Propane 00 .00

iso-Butane 00 .00

n-Butane 00 .00

iso-Pentane 00 .00

n-Pentane 00 .00

Hexanes .00 .00

Heptanes 870 276 72 960 335 Sample Characteristics

Octanes 10.58 485 748 107.0 $.70 Cylinder No. 1934710

Nonanes 784 407 764 1210 4.67

Decanes 740 425 TJ78 1340 478 Total Liquid Molecular Weight ...............

Undecanes 8593 a7 789 1470 418 Total Liquid Density (m/ec) .........cc.ccvvvecmeneennee

Dodecanes 501 348 800 1610 379 Total Liquid API Gravity

Tridecanes §58 4.19 811 175.0 4.53

Tetradecanes 498 408 822 1900 433

Pentadecanes 490 433 832 2080 455

Hexadecanes 386 367 839 2220 383

Heptadecanes 338 34 847  237.0 3.56

Octadecanes 340 368 852 2851.0 n

Nonadecanes 275 310 857 263.0 3.17

Eicosanes 225 265 862 2750 2.69

Heneicosanes 198 247 887 2910 2.50

Docosanes 180 235§ 872 308.0 238

Tricosanes 1.57 214 877 3180 2.14

Tetracosanes 1389  1.97 .881 331.0 1.96

Pentacosanes 124 184 885 3450 1.82

Hexacosanes 108 168 889 3590 184 Properties of Heavy Fractions

Heptacosanes 107 w72 883 3740 1.89

Octacosanes 1.00 1.68 896 3880 1.62 )

Nonacosanes N 1.57 899 4020 1.83 Plus Fractions Mol | Wt | Density | "API | MW

Triacontanes 87 1% 902 4160 1.82 % % | (grvce)

Hentriacontanes 74 1.38 908  430.0 1.3

Dotriacontanes 84 121 909 4440 1.16

Tritriacontanes .57 1.12 912 458.0 1.08 Heptanes plus 100.00 100.00 0.876 300 2332

Tetratriacontanes 45 K- 914 4720 0.88 || Decanes pius 7488 8832 0897 263 2751

Pentatriacontanes .35 73 7 4880 0.70 | | Undecanes pius 6748 8407 0904 251 2905

Hexatriacontanes pius 9.78 23.50 1.070 85603 19.23 Pentadecanes pius 4598 68682 0929 208 3481
Eicosanes plus 2769 5042 0964 153 4247
Pentacosanes plus 1870 3884 0995 106 4843
Triacontanes plus 1340 3039 1.029 61 5289
Pentatriscortanes plus 10.13 2423 1.065 14 5577

Totals .......... 1100.00 100.00] { 100.00
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Arco Exploration & Production . _chnology
RFL s20278

Composition of Low Temperature Distillation Residue
( From Chromatographic Technique )

Component Mol wt Density MW Vol
% % m/cc) %

Hydrogen Sulfide .00 .00

Carbon Dioxide .00 .00

Nitrogen .00 .00

Methane .00 .00

Ethane .00 .00

Propane .00 .00

iso-Butane .00 .00

n-Butane .04 .01 .583 88.1 0.02

iso-Pentane 10 .03 624 722 0.04

n-Pentane .10 .03 630 722 0.04

Hexanes 1.21 44 688 84.0 0.58

Heptanes 662 275 722 960 333 Sample Characteristics

Octanes 1040 483 745  107.0 8.67 Cylinder No. 193471D

Nonanaes 773 405 764 121.0 464

Decanes 729 423 778 134.0 4.7¢ Total Liquid Molecular Weight ............................ 2310

Undecanes s88 372 788 1470 4.12 Tota! Liquid Density (gm/ce) .............cceveuenenenenen. 0.8746

Dodecanes 4.94 3.44 .800 161.0 3.78 Tots! Liquid AP1 Gravity . 303

Tridecanes 55 417 811 1780 450

Tetradecanes 4.91 4.04 82 190.0 429

Pentadecanes 483 431 432 2080 453

Hexadecanes 380 368 839 220 3.80

Heptadecanes 333 342 847 2370 3s3

Octadecanes 335 e 852 2510 373

Nonadecanes an 3.08 857 2630 3.14

Eicosanes 22 264 862 2150 268

Heneicosanes 195 248 887 2910 2.48

Docosanes 177 234 872 3050 2.34

Triccsanes 18 213 877 380 213

Tetracosanes 1.37 198 881 3.0 1.94

Pertacosanes 123 18 888 345.0 1.8%

Hexacosanes 108 168 889 3590 163 Properties of Heavy Fractions

Heptacosanes 108 171 803 374.0 1.67

Octacosanes 98 165 088 3880 1.81

Nonacosanes S0 1.58 8099 4020 1.82 Pius Fractions Mol | Wt | Density | *AP! | MW

Triacontanes 88 155 802 4160 1.50 % % | (gmice)

Hentriacontanes a3 138 .908 430.0 1.30

Dotriacontanes 82 12 909 4440 1.15| | Hexanes plus 99.76 9993 0875 302 2314

Tritriacontanes 8 1.1 912 4530 1.07 | | Heptanes plus 9855 9949 0876 300 2332

Tetratriacontanes 48 N 914 4720 0.87 | | Decanes plus 7380 8786 0897 263 2750

Pentatriacontanes as .73 917 4880 0.70 | | Undecanes pius 6651 83683 0904 251 2905

Hexatriacontanes p! 963 23.38 1.070 560.3 19.12 ]| Pentadecanes pius 4531 6828 0929 208 3481
Eicosanes plus 2729 S0.16 0964 153 4247
Pentacosanes pius 1843 3863 0995 107 4843
Triacontanes pius 1320 3023 1.028 61 5289
Pentatriacontanes plus 998 2411 1064 14 5577

Totals ........... ‘| 100.004 100.00] { 100.00
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Arco Exploration & Production Technology

AFL 920279

Composition of Separator Liquid*

Liq
Component Mol % W% MW Dens

(gmv/ee)
Hydrogen 0.00
Hydrogen Sulfide 0.00
Carbon Dioxide 0.03 0.010 44010 08172
Nitrogen 0.01 0.000 28.013 0.8088
Methane 268 0.200 16.043 0.2997
Ethane 0.74 0.100 30.070 0.3558
Propane 1.72 0350 44.097 0.5088
i-Butane 0.90 0240 58123 0.5823
n-Butane 1.70 0.480 8§8.123 0.5834
i-Pentane 1.40 0.470 7218 0.8241
n-Pentane 1.37 0460 7218 0.6308
Hexanes 37 1.480 84.00 0.8850
Heptanes pius 8577 96.230 240.00 0.8740

| 100.00 | 100.00 |

Note: Heptanes plus MW and Density are measured vaiues.

* Corrected for hexanes minus fraction identified in residue analysis.

Page 14

Sampling Conditions

127 psig
106 °F

Sample Characteristics
Cylinder No. W3A8814

Average Molecular Weight ................... 2138
Sampile Density (at 80 °F) ........................ 0.8575

CORE LABORATCRIES




Arco Exploration & Production fechnology

RFL 920279

Composition of Heptanes Plus Fraction

( From Chromatographic Technique )
Component Mol wt Density | MW Vol
% % _| (gmiec) %

Hydrogen Sulfide .00 .00

Carbon Dioxide .00 .00

Nitrogen .00 .00

Methane .00 .00

Ethane .00 .00

Propane .00 .00

iso-Butane .00 .00

n-Butane .00 .00

iso-Pentane .00 .00

n-Pentane .00 .00

Hexanes .00 .00

Heptanes 571 228 72 960 276 Sample Characteristics

Octanes 9.08 4.04 745 107.0 4.74 Cylinder No. W3A8814

Nonanes 709 3857 764 1210 4.08

Decanes 687 383 778 1340 4.30 Tota! Liquid Molecular Weight

Undecanes 564 345 789 1470 3.82 Total Liquid Density (gmvec) .......

Dodecanes 488 227 800 161.0 3.58 Total Liquid API Gravity .............ccoueecvvenvnrernninnnne

Tridecanes $55 404 811 175.0 438

Tetradecanss S.11 4.04 82 1900 429

Pentadecanes 517 442 832 2080 465

Hexadecanes 404 373 839 2220 3.89

Heptadecanes 361 3s6 847 2370 3.67

Octadecanes 3 3.87 852 2810 3.97

Nonadecanes 302 3 857 263.0 3.37

Eicosanes 248 284 882 2750 288

Heneicosanes 22 269 887 2910 2.7

Docosanes 203 2%7 872 3050 258

Tricosanes 180 238 877  318.0 237

Tetracosanes 1.61 221 881 3310 219

Pentacosanes 1.57 226 885 3450 223

Hexacosanes 121 1.8 889 350 178 Properties of Heavy Fractions

Heptacosanes 128 199 893 3740 1.95

Octacosanes 119 192 098 3880 1.87

Nonacosanes 1.09 182 899 4020 1.77 Ptus Fractions Mol | Wt | Density | APt | MW

Triacontanes 105 181 902 4180 1.76 % % | (gmvec)

Hentriacontanes 89 160 908 4300 1.55

Dotriacontanes T7 142 908 4440 1.38

Tritriacontanes .69 1.3 012 4580 1.27 | | Heptanes plus 100.00 100.00 0.874 303 2403

Tetratriacontanes 56 110 914 4720 1.05 | | Decanes plus 78.12 90.11 0891 273 277.2

Pentatriacomanes 44 89 917  488.0 0.85]| Undecanes plus 7125 8828 0897 263 291.0

Hexatriacontanes plus  9.64 21.97 1.047 5488 18.35|| Pentadecanes plus S0.07 7148 0918 226 3431
Eicosanes plus 3052 5260 0948 178 4140
Pertacosanes pius 2038 3991 0975 136 4701
Triscontanes plus 1404 3011 1.006 9.2 5147
Pentatriacontanes plus 1008 2286 1.041 44 5441

Totals ........... {100.00] 100.00 | {100.00
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Arco Exploration & Production ": echnology
RFL 820279

Composition of Low Temperature Distillation Residue

( From Chromatographic Technique )
Component Mol wt Density | MW Vol
% {gmvec) %

Hydrogen Sulfide .00 .00

Carbon Dioxide .00 .00

Nitrogen .00 .00

Methane .00 .00

Ethane .00 .00

Propane .00 .00

iso-Butane .00 .00 :

n-Butane .04 0 583 58.1 0.02

iso-Pentane .07 .02 824 722 0.03

n-Pentane 03 0 .8630 72.2 0.02

Hexanes N 25 685 84.0 0.31

Heptanes 565 227 a2 960 274 Sampie Characteristics

Octanes .00 4.03 745 107.0 4.73 Cylinder No. WaA8814

Nonanes 703 38%s 764 121.0 4.07

Decanes 68 382 778 134.0 4.29 Total Liquid Molecular Weight

Undecanes $%9 34 789 147.0 3.81 Total Liquid Density (GrVee) ..........occecvvveisnrnnninneae

Dodecanes 484 328 800 1610 3836 Totat Liquid API Gravity

Tridecanes $50 403 811 175.0 4.34

Tetradecanes 8507 403 522 190.0 428

Pentadecanes 515 442 832 208.0 487

Hexadecanes 400 372 838 220 3.87

Heptadecanes ases 3ass 847 2370 aes

Octadecanes 368 38 852 2510 3.96

Nonadecanes 299 329 857 263.0 338

Eicosanes 246 283 882 2750 .87

Heneicosanes 220 268 887 2910 2.70

Docosanes 2.01 2.56 872 308.0 2.57

Tricosanes 1.78 2.%7 an 318.0 2.36

Tetracosanes 1.8 220 881 331.0 218

Pemacosanes 15 225 888 345.0 222

Hexacosanes 120 1.80 889 3590 1.7 Properties of Heavy Fractions

Heptacosanes 127 1.9 883 3740 1.94

Octacosanes 118 1N 898 3880 1.88

Nonacosanes 1.08 1.8 899 4020 1.76 Plus Fractions Mol | Wt | Deneity | APl | MW

Triacontanes 103 1 902 4160 1.7 % % m/ce)

Hentriacontanes 8 1.680 908 4300 1.58

Dotriacontanes J6 1.42 909 444.0 1.36 | | Hexanes plus 90.06 9096 0874 304 2392

Tritriacontanes 69  1.22 912 4580 1.27 | | Heptanes plus .15 9971 0874 303 2404

Tetratriscontanes %8 110 914 4720 1.05]] Decanes plus TT47 8985 0891 273 2772

Pentatriacontanes 44 89 K-1)4 488.0 0.85 1 | Undecanes plus 7066 8803 0897 263 2910

Hexatriacontanes pl  9.56 21.91 1.047 5488 18.25 || Pentadecanes pius 4968 7127 0918 22868 3430
Eicosanes plus 3026 5243 0048 178 4140
Pentacosanes pius 2022 3979 0975 136 4701
Triacontanes plus 1393 30.04 1.006 92 5147
Pentatriacomanes plus 1000 2280 1.042 43 5441

Totals .......... { 100.00{ 100.00| {100.00
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Equilibrium Ratios

Boiling Point

200

K-Value Plot

Separator Pressure Figure QC—1

127 psig

CORE LABORATORIES




]

Arco Exploration & Production Technology

RFL 820279

Composition of Reservoir Fluid*

Liq
Component Mol % wt% MW Dens

(gm/ec)
Hydrogen 0.00
Hydrogen Sulfide 0.00
Carbon Dioxide 0.27 0.110 44010 08172
Nitrogen 0.07 0.020 28.013 0.8088
Methane 45.49 6.790 16.043 0.2997
Ethane s 1.000 ° 30070 0.3558
Propane 78 1840 44087 0.5088
-Butane 1.21 065 58123 0.3%823
n-Butane 2.01 1.090 88,123 05834
i-Pentane 0.93 0820 7215 0.6241
n-Pentane 1.08 0700 7215 0.8308
Hexanes 202 1580 84.00 0.6850
Heptanes plus 3981 85900 233.00 0.8870

] 10000 | 10000 ]

Note: Heptanes plus MW and Density are measured vaiues.

Page 17

* Corrected for hexanes minus fraction identified in residue analysis.

Sample Characteristics
Pb Adjusted Recombination
Average Molecular Weight ...................... 1075
Sampie Density (st 80 °F) ............c.c......... 0.7397
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Composition of Heptanes Plus Fraction

( From Chromatographic Technique )
Component Mol wt Density | MW Vol
% % (gmvec) %

Hydrogen Sulfide .00 .00

Carbon Dioxide .00 .00

Nitrogen .00 .00

Methane .00 .00

Ethane .00 .00

Propane .00 .00

iso-Butane .00 .00

n-Butane .00 .00

iso-Pentane .00 .00

n-Pentane .00 .00

Hexanes .00 .00

Heptanes 654 270 72 960 324 Sample Characteristics

Octanes 1028 470 745 1070 5.47 Pb Adjusted Recombination

Nonanes 730 38 764 1210 431

Decanes 6.91 3.98 778 1340 4.44 Total Liquid Molecular Weight ............................. 2326

Undecanes S44 344 788 1470 378 Total Liquid Density (gm/cc)

Dodecanes 4.7% 329 800 1810 358 Total Liquid APY Gravity .......cccoveeucvcneenncecernnnnnee.

Tridecanes 552 418 M 175.0 444

Tetradecanes $19 424 82 1900 4.47

Pentadecanes 835 474 832 2080 494

Hexadecanes 3.83 J66 839 2220 3.78

Heptadecanes 343 349 847 2370 3.57

Octadecanes 339 J66 852 2%1.0 an

Nonadecanes 29N 329 857 2830 3.33

Eicosanes 230 272 882 2780 274

Heneicosanes 203 254 087 2910 2.54

Docosanes 1.88 244 872 3050 243

Tricosanes 162 222 877 3180 2.19

Tetracosanes 148 208 .881 31.0 208

Pentacosanes 1486 217 888 3450 212

Hexacosanes 109 1.68 889 350 164 Properties of Heavy Fractions

Heptacosanes 1.21 1.98 893 3740 1.89

Octacosanes 1.08 177 896 388.0 1.72

Nonacosanes 2 1.5 899 4020 1.83 Plus Fractions Mol Wt | Density | *API | MW

Triacontanes 1.00 1.79 902 4180 1.72 % % | (gmice)

Hentriacontanes .85 1.58 S08 4300 1.81

Dotriacontanes 68 130 908 4440 1.24

Tritriacontanes 82 123 912 4580 1.17 | { Heptanes plus 100.00 100.00 0.867 31.7 2325

Tetratriacontanes 57 1.18 914 4720 1.10 | | Decanes plus 7591 8880 0885 283 2719

Pentatriacontanes 48 1.00 917 4880 0.95 Undecanes pius 69.00 8482 0.891 273 28%8

Hexatriacontanes pius 9.98 21.64 1.021 5042 18.38] | Pentadecanes plus 48.10 €970 0912 236 3368
Eicosanes plus 219 85088 0840 1590 4049
Pentacosanes pius 1992 3888 0964 154 4533
Triacontanes plus 14.18 2070 0988 117 4867
Pentatriacontanes plus 1046 2264 1016 78 5034

Totals ........... 1 100.00{ 100.00 1 1100.00

Page 18
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Composition of Low Temperature Distillation Residue

( From Chromatographic Technique )
Component Mol wt Density | MW Vol
% % (grm/ec) %
Hydrogen Sulfide .00 .00
Carbon Dioxide .00 .00
Nitrogen .00 .00
Methane .00 .00
Ethane .00 .00
Propane .00 .00
iso-Butane .00 .00
n-Butane .00 .00
iso-Pentane .00 .00
n-Pentane .00 .00
Hexanes 1.07 39 688 84.0 0.49
Heptanes 647 269 72 960 33 Sample Characteristics
Octanes 10.09 468 745 107.0 S.44 Pb Adjusted Recombination
Nonanes 724 379 .764 121.0 4.30
Decanes 683 396 778 134.0 4.41 Total Liquid Molecular Weight ............ceuveenicncee 231.0
Undecanes $3 I 789 147.0 an Total Liquid Density (gm/cc)
Dodecanes ‘471 328 .800 161.0 3.55 Total Liquid APt Gravity
Tridecanes S45 413 811 175.0 4.4
Tetradecanes 513 422 82 190.0 445
Pentadecanes $§29 472 832 2080 49
Hexadecanes 3s0 aes 839 2220 n
Heptadecanes 339 348 847 237.0 3.58
Octadecanes 338 aes 882 251.0 N
Nonadecanes 288 328 .857 263.0 3.32
Eicosanes 228 2N .862 27%.0 are
Heneicosanes 2.0t 2.53 867 29.0 253
Docosanes 184 28 872 3080 242
Tricosanes 1.61 221 877 318.0 218
Tetracosanes 144 207 .881 331.0 2.04
Pentacosanes 145 218 888 345.0 211
Hexacosanes 107 167 829 3%0 163 Properties of Heavy Fractions
Heptacosanes 120 194 893 374.0 1.88
Octacosanes 105 178 896 3880 1.70
Nonacosanes o 188 899 4020 1.52 Pius Fractions Mol | Wt | Density | "API { MW
Triacontanes 9 178 902 4180 1.7 % % | (gmiee)
Hentriacontanes 84 157 908 430.0 1.50
Dotriacomanes 87 129 909 444.0 1.23 | | Hexanes pius 100.00 10000 0.886 318 2310
Tritriacontanes 62 123 912 4880 1.17 | | Heptanes plus 9893 9961 0867 317 2326
Tetratriacontanes 7 1.8 94 4720 1.10 | | Decanes pius 75.13 8845 0888 283 2720
Pentatriacontanes 48 100 917 4880 0.94 | | Undecanes plus 6830 8449 0891 273 2858
Hexatriacontanes piu  9.87 21.56 1.021 5042 18.29 | | Pentadecanes pius 4762 6943 0912 236 3368
Eicosanes plus . 2890 S085 09540 190 4049
Pentacosanes plus 1972 3870 0964 153 4533
Triacontanes plus 1404 2959 0988 117 4867
Pentatriacontanes plus 1035 22.56 1.016 77 5034
Totsls ........... 1100.00{ 100.00} } 100.00
Page 19 CORE LABORATORIES
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RFL 920279
VOLUMETRIC DATA
(at 119 °F)
Saturation Pressure (Psat) 3019 psig
Density at Psat 0.7448 gm/cc

Thermal Exp @ 5000 psig

1.02791 Vat119°F /Vat70°F

AVERAGE SINGLE-PHASE COMPRESSIBILITIES

Single-Phase
Pressure Range Compressibility
psig viv/psi
5000 to 4500 764E -6
4500 to 4000 795E 6
4000 10 3500 831E6
3500 to 3019 865E -6

Page 20
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RFL 920279
PRESSURE-VOLUME RELATIONS
(at 119 °F)
Pressure Relative Y-Function (B) Density
psig Volume (A) gmi/ce
5000 0.9840 0.7569
4500 0.9878 0.7540 '
4000 0.9917 0.7510
3500 0.9958 0.7479
3400 0.9967 0.7473
3300 0.9976 0.7466
3200 0.9984 0.7460
3100 0.9993 0.7453
b»3019 1.0000 0.7448
3007 1.0008
2999 1.0014
2990 1.0020
2981 1.0027
2902 1.0086
2747 1.0219
2535 1.0442 4,299
237 1.0864 4.019
1937 1.1483 3.737
1670 1.2297 3.486
1438 1.3330 3.268
1241 1.4592 3.083
1078 1.6062 2930
868 1.8917 2733
679 2.3201 2.556
516 29634 2402
3N 4.0298 2266

(A) Relative Volume: V/Vsat or volume st indicated pressure per volume at saturation pressure.
(B) Where: Y-Function = (Psat - P)
(Pabs) * (V/Vsat- 1)
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RELATIVE VOLUME

(at 119 °F)

1.000 =

.998

.996

994
E
S
2 !
S 1
é 990 i

}
!
.988 \
\
988 ° il
° Laboratory Date '
....... Confidence Limits
Analytical Expression
84 Saturotion Pressurs I
3,019 psig
982
2500 3000 3500 4000 4500 S000

Pressure, psig

Analytical Expression
1 - 10~[ -—5.124E00 + 1.033E00 (log( dP )) + —1.982E-04 (log( dP ))~5 ]
| Nete: P is dofined oo | PI = Paot |, peig

Statistical Summary Pressure—Volume Relations

r squared: 0.999981 _
Confidence Interval (+/-): 0.0000 Figure A—1
Confidence: 99 %
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Y—FUNCTION
(at 119 °F)
..__.——-D —
Labore Data
Conﬁdot:g Limits
Analytical Expression
Saturation Pressurs °
3,019 psig
4.00
S 350
= b
3.00 )
2.50 j’ '
2.00 . : :
0 500 1000 1500 2000 2500 3000 3500

Pressurs, peig

Analytical Expression
9.393E-04 (Xd) + 1.918E00
Note: Xd Is defined au M / Pact

Statistical Summary Pressure-Volume Relations

r squared: 0.998527 _
Confidence Interval (+/<): 0.0227 Figure A—2
Confidence: 98 %
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DIFFERENTIAL VAPORIZATION

(at 119 °F)
Gas
Solution Relative Relative - Qil Deviation | Formation | Incremental
Pressure Gas/Qil Oil Total Density Factor Volume Gas
psig Ratio Volume Volume gm/ce Z Factor Gravity
Rsd (A) Bod (B) Btd (C) ) (Air=1.000)
b»3019 612 1.272 1.272 0.7448
2700 550 1.249 1.308 0.7512 0.825 0.00496 0.653
2400 493 1.228 1.344 0.7576 0.820 0.00554 0.650
2100 435 1.207 1.408 0.7644 0.828 0.00639 0.646
1800 378 1.185 1.502 0.7715 0.843 0.00758 0.642
1500 321 1.164 1.645 0.7789 0.863 0.00929 0.640
1200 264 1.142 1.880 0.7866 0.886 0.01190 0.640
900 206 1121 2.298 0.7945 0.912 0.01627 0.645
. 600 148 1.099 3.163 0.8025 0.940 0.02495 0.665
300 87 1.076 5773 0.8107 0.970 0.05028 0.720
105 . 42 1.058 14.767 0.8164 0.989 0.13489 0.825
0 0 1.028 0.8293 1.256

@60°F = 1.000

Gravity of Residual Oil = 34.2 °API at 60 °F
Density of Residual Oil = 0.8531 gm/cc at 60 °F

(A) Cubic Fest of gas at 14.85 psia and 60 °F per Barrel of residual oil at 60 °F.

(B) Barrel of oil at indicated pressure and temperature per Barrel of residual oil at 60 °F.

(C) Barrels of oil plus liberated gas at indicated pressure and temperature per Barrel of residual oil at 60 °F.
(D) Cubic Feet of gas at indicated pressure and temperature per Cubic Feet at 14.65 psia and 60 °F.
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RELATIVE OIL VOLUME

( at 119 °F )
1.30 T
LEGEND -
o Laboratory Data /
1284l - Confidence Limits '
. Analytical Expression /
Saturation Pressure
3,019 paig
!
1.20 |} -

|
!
;
!

Relative Oil Volume

0 500 1000

2000

Pressurs, psig

2500 3000 3500

Analytical Expression (below bubbiepoint)

1.029E00 + 8.010E-05 (Pi) + 2.150E—02 (Pi)~0.4 + —1.435E-02 (P)~0.45

Nots: Fi i defined as pressurs, peig

Statistical Summary

r squared: 0.99999%
Confidence Interval (+/-): .0002
Confidence: 98 %

Differential Vaporization
Figure B-1
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SOLUTION GAS/OIL RATIO
( scf/bbl at 119 *F )

700

600

500
2
;400 ] /
) | /
é:oo ' 4
A

LEGEND

——  Anaiytical Expression

Saturation Pressure
3,019 paig

1500 2000 2300 3000 3500

Pressure, psig

Analytical Expression (below bubblepoint)

6.418E-02 (P1)~1.1 + 3.038E00 (Pi)~0.5 + 1.480E~08 (P1)~2

Nots Pt I defined oe premsurs, pely

Statistical Summary

Differential Vaporization

r squared:
Confidence Interval (+/-):
Confidence:

0.9999%80
1
99

Figure B—-2
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840

OIL DENSITY
( gm/cc at 118 °F )
| { { L
T
b oH
4800 5000

760 Laboratory Dato
------- Confidence Limits
——  Analytical Expression
7801 -
740
(o] 300 1000 1500 2000 2500 3000 3500
Prassure, psig

Analytical Expression (beiow bubblepoint)

0.82934 + —8.833E-03 ( Pt )a0.1 + —1.241E=08 ( Pt }a1.1 + 2.820E~11 ( Pi }~2.5

Nets: P }o defined ao pressure, peig

Statistical Summary

r squared: 0.999603
Confidence Interval (+/-): 0.0005
Confidence: - I

Differential Vaporization
Figure B—3
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GAS GRAVITY
(at 119 °F)
1.00
i LEGEND n
La
P ol Confidence timits
Anclytical Expression
Saturction Pressure

3,019 psig

Incremental Gas Gravity

1500 2000 2500 3000

Pressurs, psig

Analytical Expression

217700 + —1.221E-01 ( P1 }~0.300 + 3.054E-03 ( Pi }~0.500 + —9.210E~01 ( exp(-Xd) )

Nota: Xd Is defined oo Pt / Pest

Statistical Summary

Differential Vaporization

r squared: 0.999009
Confidence Interval (+/-): 0.0038
Confidencs: 8WX

Figure B—4
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Z—-FACTOR
(at 119 °F)
1.000 ¢ '_[_
\ - o LEGEND
980 ° Laboratory Dota
....... Confidence Limits
Analytical Expression
.960 Saturation Pressure
3,019 psig
]
.940
~ 920
b
[3}
S .900
[
2
§ .880
.860 ;
|
}
E
.840 :
.820
.800

(¢) 500 1000 1500 2000 2500 3000

Pressure, psig

Anglytical Expression
1 + —1.012E—04 ( Pi ) + 4.173E-54 ( Pi )~15 + 4.377E~12 ( Pi )~3
Note: Fi is defined o9 pressure, paig

Statistical Summary Differential Vaporization
r squared: 0.998154 -
Contidence Iinterval (+/-): 0.003 Figure B-5
Confidence: 99 %
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RESERVOIR FLUID VISCOSITY
(at 119 °F)
Qil Calculated Oil/Gas
Pressure Viscosity Gas Viscosity
psig cp Viscosity* Ratio
cp
5000 1.18
4500 1.14
4000 1.10
3600 1.06
3200 1.03
b»3019 1.01
2700 1.1 0.0200 558
2400 1.2 0.0186 65.7
2100 1.36 0.0172 788
1800 1.52 0.0160 95.0
1500 1.70 0.0149 114
1200 1.92 0.0140 138
900 2.18 0.0132 165
600 247 0.012% 198
300 284 0.0118 242
105 3.19 0.0110 289
0 362

* Gas Viscosity data calculated from correiation of Lee A.L., Gonzalez M.H., and Eakin B.E., The
Viscosity of Naturai Gases’, Journal of Petroleum Technolegy, August, 1966, pp. 997-1000.
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RESERVOIR FLUID VISCOSITIES
(ep at 119 °F)

4,00
bt
3.50 i
|
|
!
’ |
3.00 ~ L
; 2.50 L—.
S 2000 3000
Preasure, peig
3
2.00
|
!
sl |
LEGEND
o Laboratory Data || | @
------- Confidencs Limits =T
1.00 | -~—— Anglytical Expression | 1 = "=~
Saturation Pressure
3,019 psig
50 | I | ‘
o 500 1000 1500 2000 2500 3000 3500

Pressure, psig

Analytical Expression (below bubbiepoint)
3.623 E00 + ~3.144E-04 ( Pi ) + 4.742E-10 ( Pl }~2.8 + —3.958E-02 ( Pt )~0.5
Note: Pi ls defined a» pressure, pely

Statistical Summary Viscosity Analyses
r squared: 0.9991861 : _
Confidence Interval (+/-): 0.023 Figure C-1
Confidence: 99 X
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SINGLE-PHASE VISCOSITY

RFL 920279

(cpat 119 °F)

1.28
LEGEND
° Laboragtory Data
------- Confidence Limits
1.20 | — Analytical Expression
Saturation Pressure

3,019 psig

1.18

1.10

Single~Phase Fluld Viscoslty

1.08

Confldence Interval (+/-): 0.003

Confidence:

1.00
3000 3500 4000 4500 3000
Pressure, peig
Anciytical Expression
1.014E00 + 1.017E00 ( dP )
Nt P hdefineden[Pl—Poct] polg
Statistical Summary Viscosity Analyses
r squared: 0.998835 Figure C-2
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SEPARATOR FLASH ANALYSIS
Flash Gas/Oil Gas/Oil Stock Tank | Formation | Separator]  Specffic Qil Phase
Conditions Ratio Ratio Oil Gravity | Volume | Volume | Gravity of Density
(sct/bbl) { sct/STbbl ) at 60 °F Factor Factor | Flashed Gas| (gm/ce)
psig | °F (A) ) (*API) Bofb (C) ©) { Airm1.000)
3019 119 0.7425
100 90 580 596 1.026 0.670 * 0.8386
25 140 17 17 1.038 0.908 * 0.8260
0 60 12 12 34.1 1.276 1.000 1.308 * 0.8538
Rsfb = 625
3019 119 0.7448
100 140 587 615 1.048 0.745 0.8179
25 140 12 12 1.038 0.782 0.8238
0 60 4 4 340 1.284 1.000 1.300 0.8540
Rsfb = 632
3019 119 0.7448
500 S0 426 457 1.073 0.638 08160
100 90 96 99 1.033 0.749 0.8319
25 140 25 26 1.038 1.064 0.8212
0 60 10 10 346 1.260 1.000 1.007 0.8510
Rsfb = 593

* Collected and analyzed in the laboratory by gas chromatography.

(A) Cubic Feet of gas at 14.65 psia and 60 °F per Barrel of oil at indicated pressure and temperature.
(B) Cubic Feet of gas at 14.65 psia and 60 °F per Barrel of Stock Tank Oil at 60 °F.
(C) Barrels of saturated oil at 3019 psig and 119 °F per Barrel of Stock Tank Qil at 60 °F.

(D) Barrels of oil at indicated pressure and temperature per Barrel of Stock Tank Qil at 60 °F.

Page 24
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Composition of Primary Separator Gas
( From Chromatographic Technique )

Liq
Component Mol% | GPM MW Dens
(gm/ce)
Sampling Conditions
Hydrogen Sulfide 0.00
Carbon Dioxide 0.48 44010 8172 100 psig
Nitrogen 0.15 28.013 .8086 90 °F
Methane 88.88 16.043 2997
Ethane $85 1.556 30.070 .3558
Propane 417 11843 44.097 5065
iso-Butane 0.81 264 $8.123 .s5823
n-Butane 096  .301 58.123 .5834 Sample Characteristics
iso-Pentane 0.30 108 72150 6241 ‘Base Case® Separator Test
n-Pentane 0.15 054 72150 .6305
Hexanes 0.13 .050 84.000 .68%0 Critical Pressure (psia) ..............ccoeerrinnne 664.5
Heptanes 0.08 033 96.000 .7220 Critical Temperature (*R) 380.7
Octanes s 0.04 018  107.00 .7450
Nonanes Trace Average Molecular Weight ...................... 19.39
Decanes plus 0.02 011 14100 .7840
Calculated Gas Gravity (air = 1.000) ...... 0.670
Gas Gravity
FRCIOr, FQ ...ooriricncnnncnernensrenerenennncienenan, 1.2221
Super Compressibility Factor, Fpv
at sampling conditions ..............ccouen... 1.0081
Totals ........... { 100.00 | 3533 | | Gas Z-Factor
at sampling conditions * ........................ 0.984
at 14.65 peia and 60 °F
Properties of Plus Fractions
Gross Heating Vaiue
Liq (BTU/sct dry gas) ............cu..... ST 1172
Component Mol % MW Dens API
(gm/ce) | Gravity
Heptanes plus 0.14 1088 0.739 “.2
Decanes plus 0.02 1410 0.784 38.3
* From: Standing, M.B., “Volumetric and Phase Behavior of Qil Field
Hydrocarbon Systems®, SPE (Dalias),1977, 8th Edition, Appendix Il.
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Composition of Secondary Separator Gas
( From Chromatographic Technique )

Liq
Component Mol % GPM MW Dens
(gm/cc)
Hydrogen Sulfide 0.00
Carbon Dioxide 0.66 44010 8172
Nitrogen 0.00
Methane 63.64 16.043 2997
Ethane 1286 3.421 30.070 .33%58
Propane 1350 3.700 44.097 5065
iso-Butane 3.14 1022 58.123 .5823
n-Butane 3.61 1.132 $8.123 .5834
iso-Pentane 1.12 408 72.150 6241
n-Pentane 0.56 202 72.150 8305
Hexanes 0.48 178 84.000 .6850
Heptanes 0.28 17 $6.000 .7220
Octanes 0.13 089 107.00 .7450
Nonanes 0.04 020 121.00 7640
Decanes plus Trace
Totals ........... § 100.00 | 10.259 | |
Properties of Plus Fractions
Lig
Component Mol % MW Dens API
(gm/ce) | Gravity

Heptanes plus 0.45 1014 0732 451

* From: Standing, M.B., "Volumetric and Phase Behavior of Oil Field
Hydrocarbon Systems*, SPE (Dallas),1977, 8th Edition, Appendix II.
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Sampling Conditions

25 psig
140 °F

Sample Characteristics

‘Base Case’ Separator Test

Critical Pressure (psia) ................ccc.oerune. 654.3
Critical Temperature °R) ..........c.cccocevenee 456.4
Average Molecular Weight ...................... 26.30
Calcuiated Gas Gravity (air = 1.000) ...... 0.508
Gas Gravity

Faetor, FQ ....ccccovvnmnnnctsncnnenereresnsennninnens 1.0494
Super Compressibility Factor, Fpv

at sampling conditions ........................... 1.0036
Gas Z-Factor

at sampling conditions * ........................ 0.993

ot 14.6S psia and 60 °F

Gross Heating Value

(BTU/scf dry gas) .........coveeneverevennnnnene. 1539
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