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Chapter.1

1.0 Subsea Cost Model

1.1. Feasibility Study of Subsea Field Development

The implications of disasters and businesgsrruptions should be incorporated into three
steps. Figure.l.1 illustrates the feasibility stsdin different phases of a subsea field
development project. The feasibility studies arefqyened before execution of the
project, which may include three phases as showimeirfigure:

* Pre-Field development;

* Project Conceptual/feasibility study;

» Front-end engineering design (FEED)

* Engineering Procurement Construction and InstalatEPCI)

Ocean & Aerospace Research Institute, Indonesta$udbsea Cost Mod_
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* HSE Plan

* QA Plan

e Reservoir characteristic

® Geo-physical and geo-technical survey

1. Pre-Field development e Subsea production system requirement
study

¢ Host facility data

* Subsea seperation, processing system
requirement, etc

¢ Preliminary Flow Assurance Analysis

¢ Preliminary field architecture including
2. Project Conceptual & location of subsea hardware, ect
Feasibility Study ¢ Priliminary subsea production system basis
of design
¢ preliminary cost estimation, ect

® Process flow diagram

e Update field achitecture

e Update subsea production system basis of
design

e Subsea system operating

¢ Subsea inspections, maintenance and
repair

e Risk and reliability

* subse intervention, etc

e Engineering
* Procurement
e Construction
e Installation

Figure.1.1: Feasibility Studies in Subsea Field Developmenjdet.

Cost estimations are made for several purposesth@nchethods used for the estimations
as well as the desired amount of accuracy will ifferént. Note that for “preliminary
cost estimation” for “project feasibility study,’hé accuracy will normally be 30%.
Table.1.1 shows cost estimation classificationsoming to Association for the
Advancement of Cost Engineering (AACE):

» Level of project definition: expressed as perceataigcomplete definition;

Ocean & Aerospace Research Institute, Indonesta$ibsea Cost Mod_
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* End usage: typical purpose of estimation;

* Methodology: typical estimating method;

» [Expected accuracy range: typical range relativedst index of 1 (if the range
index value of “1” represents p10/-5%, then an xndalue of 10 represents
p100/-50%);

» Preparation effort: typical degree of effort relatito least cost index of 1 (if the
cost index of “1” represents 0.005% of project spsten an index value of 100
represents 0.5%).

This chapter provides guidelines for cost estinmatiuring a project feasibility study,

where the accuracy range is between 30% for suleddalevelopment projects.

Table.1.1:Cost Estimation Classification Matrix (AACE)

Check
50 — 100 | estimate or bid| deterministic 1 10 - 100
tender
30-70 | controlorbid ooy 1-3 5 t0 20
tender
Budget, Mixed but
10 - 40 authorization | primary 2-6 3t0 10
and control stochastic
1-14  Conceptstudy| primary 3-12 2to 4
or feasibility | stochastic
0_2 Scre_e_n_lng or _Stochastlc or 4-920 1
feasibility judgement

1.2 Cost Elements

The implications of disasters and business intéiwop should be incorporated into
business decision analyses that seek to evaluatevittbility of alternative designs.
Inclusion of these "unforeseen" (Risk ExpenditurdR)SKEX and (Reliability
Availability Maintainability Expenditures) RAMEX ements with the usual Capital
Expenditures (CAPEX) and Operation Expenditures ERPelements results in the
economic model.

The economic model of subsea system is written as:

Ocean & Aerospace Research Institute, Indonesta$udbsea Cost Mod
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Profit = Revenue — (CAPEX + OPEX + RISKEX + RAMEX) (1.2)

As shown in the Figure 1.1, the expenditures acerned during each period of the whole
subsea field development project.

Revenue

eStrategy Selection
CAPEX ClEes

*Exploration & Operation
eFeasibility Studies
eProject Execution

(2-3 years)

OPEX eProduction & Maintenance
(5 - 50 years) eAbandonment

*Risk costs associated with loss of well
control (blowouts) during installation,
normal production operations and
during recompletions

RISKEX

eReliability-availability-maintainability
costs associated with well or system
component failure

Figure.1.2: Economic Model of Typical Subsea Field Development

Ocean & Aerospace Research Institute, Indonesta$ibsea Cost Mod
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Chapter.2

2.0 Lifie Cycle Cost of Subsea
System

2.1 Lifetime Cost Assessment Methodology

Many cost components/aspects must be considerddtéomine the most cost-effective
subsea system for a particular site. The riskscas®al with blowouts are often an
important factor during drilling/installation. Artwér often overlooked important factor is
the cost of subsea system component failures. Asxpioration and production moves
into deeper and deeper water, the costs to repdises system component failures
escalate dramatically
Therefore, besides CAPEX and OPEX, two other costponents are introduced for
determining the total life cycle cost of a subsgstem:
* RISKEX: risk costs associated with loss of well &oh (blowouts) during
installation, normal production operations, andmyirecompletions;
* RAMEX: the reliability, availability, and maintaibdity costs associated with
subsea component failures.

The lifetime cost assessment methodology consigtedollowing steps:

Ocean & Aerospace Research Institute, Indones@life Cycle Cost of Subsea Syst
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*Define field development plan

*Define well system components.

*Develop an FMEA for the systems to identify leak paths and other 'muemmponenf

failures J

*Develop step by step procedures for well interventionoperations

*Calculate CAPEX

«Calculate lifecycle OPEX

eCalculate lifecycle RISKEX

Calculate lifecycle RAMEX

e

*Calculate overall lifecycle cost (CAPEX, OPEX, RISKEX, an&MREX)

Figure.2.1: Lifetime Cost Assessment Steps.

2.2 Define Field Development Plan.

A realistic field description is the first and masiportant estimate that must be made.

Data are always limited at this planning stage @ept. There is often a tendency to

design the development plan based on what is “hépédather than on mature expert

judgment of what is most likely. The following imfoation must be estimated with as

much accuracy as possible:

Reservoir characteristics - size, shape, produaomees, fault blocks, water/gas
drives, etc. that determine the number and locaifomells.

For each well - depth, formation pressure, recddereeserves, design production
rate, production profile and specific completiogugements such as type of sand
control system.

In active oil provinces, it is important to congidkxisting infrastructure such as existing

facilities to receive and process production frowe wells.

Ocean & Aerospace Research Institute, Indonestalife Cycle Cost of Subsea Syst
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2.3 Define Well System Components

It is necessary to define the components that cisepthe well system. These
components will form the basis of the RAMEX methlogly and the leak paths used in
the RISKEX calculations.

Typical down-hole completion systems and dry tiebdck riser systems were
developed in the previous studies. Additional bzesse designs of both conventional and
horizontal tree subsea systems were developedisnsthdy. These detailed designs
permitted the identification of all well-control teers and component seals for these

typical systems.

2.4 Identify Potential Component Failures With a FMEA.

A Failure Modes and Effects Analysis, FMEA, is rigd to identify and document the
failures and potential consequences for the waltlaick system. This FMEA provides the
basis for developing fault trees to calculate Higkenditure (RISKEX) and RAMEX.

2.5 Develop Step By Step Intervention Procedures.

Operating procedures are required for initial ihat@n of completion systems, planned
workovers to new intervals as zones deplete, apthuned interventions to repair and/or
replace failed components. Initial completion paaes are used to calculate capital
costs, CAPEX. Cost of planned interventions, irecompletions as zones deplete, is
OPEX. Cost to repair well system component failuses major component of RAMEX.
Individual steps of all operating procedures defth@nges in the well control barriers
that provide the basis for risk costs, RISKEX.

The following procedures were developed for eachtdee tieback alternative and
subsea well system:

1. Initial Installation of Fracture pack Completion
Initial Installation of Horizontal Lateral Completi
Pull completion, Install New Fracture Pack Comleti
Pull completion, Plug Lower Zone and Install Uphblacture Pack Completion
Pull completion, Plug Lower Zone, Sidetrack andd®eglete with Fracture Pack
Pull completion, Plug Lower Zone, Sidetrack and dteplete Horizontal Well

N o g s~ w D

Repair Completion System Leaks (pull and rerun detign string)

Ocean & Aerospace Research Institute, Indones@life Cycle Cost of Subsea Syst
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8. Repair/replace surface or subsea tree

9. Coil tubing downhole repair

The following procedures were developed for sulespapment repairs/replacements:
Repair pipeline or PLEM

Repair/replace flowline jumper

Repair/replace tree jumper

Repair/replace hydraulic system umbilical

Repair/replace electrical system umbilical

Repair/replace well jumper

Repair/replace well flying leads

Repair/replace well control pod

© © N o g s~ w D PE

Repair/replace well subsea choke

10. Repair extension pipeline or PLEM
11.Repair/replace extension jumper
12.Repair/replace hydraulic extension umbilical
13.Repair/replace electrical extension umbilical
14.Repair/replace tree jumper extension

These procedures provide a broad cross sectidredf/pes of work completed during the
total field lifecycle. They can be tailored eaditydescribe the operations for other well
depths and water depths.

2.6 Subsea Capital Expenditures (CAPEX)
Based on Douglas-Westwood’s “The Global Offshorpd®g” the global subsea CAPEX

and OPEX in 2009 was about $250 billion and will#850 billion in 2013. Figure.2.2

shows the distribution of subsea costs by geogcaphreas.

Ocean & Aerospace Research Institute, Indones@life Cycle Cost of Subsea Syst
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400 - Africa

= Asia

3504 ™Australasia

" Eastern Europe & FSU
300{ ™ Latin America

m Middle East
= North America
250 1 mWestern Europe
200 A
150 -
100 -
50 4
0 4

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Figure.2.2: Subsea CAPEX and OPEX Distribution by Geographfada (Douglas-

Westwood)

Capex & Opex ($billions)

Table.2-1 shows examples of the breakdown of desprwsubsea CAPEX and
shallow-water subsea CAPEX. The major cost compsneh subsea CAPEX are
equipment, testing, installation, and commissionifipe key cost drivers for subsea
CAPEX are number of wells, water depth, pressutiegatemperature rating, materials

requirement, and availability of an installatiorssel.

Table.2.1: Shallow water and deep water subsea CAPEX breakdow
Subsea CAPEX breakdown Deep Water (%) Shallow Water (%)

Insurance & certificate
Design & project management
Installation

Testing & Commissioning

Transportation, Tax & Tarrif

Flowline & Riser
Umbilicals

Equipment

Ocean & Aerospace Research Institute, Indonestalife Cycle Cost of Subsea Syst
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2.6.1 Cost Estimation Methodologies

Different cost estimating methods are used accgrthndifferent phases of the project
and how much data/resources have been obtainede Thethods are introduced in this
book:

» Cost—capacity estimation;

» Factored estimation;

* Work breakdown structure.

The cost—capacity estimation method is an ordenafnitude estimation method,
based on similar previous cost data. This methactsiracy range is within 30%.

The factored estimation method is based on sevesdtdriving factors. Each of the
factors is considered as a “weight” on basic casa.dThe basic cost is normally the price
of a standard product based on the proven techyaibghat time. Accuracy can be
within 30%. This book gives upper and lower boufatsthe estimated costs in Section
6.4. Note that the suggested cost-driving factsrsvell as recommended values for the
methodology should be used within the given range lze updated based on the actual
data for the time and location in question.

Another estimation method is the working breakdatmicture (WBS) methodology,
which is commonly used in budget estimation. Thithnd is based on more data and
details than are the two methods just mentionedd&scribing the project in detail, the

costs can be listed item by item, and at the dralidtal costs are calculated.

2.6.1.1 Cost—Capacity Estimation
Cost—capacity factors can be used to estimate taf@moa new size or capacity from the

known cost for a different size or capacity. Thiattenship has a simple exponential

form:

C, = C, (g—j)x (2.1)

Where; C,is estimated cost of capacit{; is the known cost of capacity; is cost—
capacity factor.

The capacities are the main cost drivers of thépeaent, such as the pressure ratings,
weight, volume, and so on. The exponent x usuallyeg from 0.5 to 0.9, depending on
the specific type of facility. A value of x % 0.6 often used for oil and gas processing
facilities. Various values of x for new projectsoshd be calculated based on historical

project data. Let’s look at the procedures for walting x values.

Ocean & Aerospace Research Institute, Indones@life Cycle Cost of Subsea Syst
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Revise Equation (2.1) to:

In (2)
x = o An (&) (2.2)

The resulting cost—capacity curve is shown in Feg8. The dots in the figure are the
calculation results based on a database built dyser. The slope of the line is the value

of exponent x.
4 .

in (C;/Cy)

1 1 1 1 >
in (Q:/Qy)

Figure.2.3: Cost—Capacity Curve

2.6.1.2 Factored Estimation

2.6.1.2.1. Cost Estimation Model

Costs are a function of many influencing factord are expressed as:

C=F(f,fo- - fi) (i=123K) (2.3)

Where; C is cost of the subsea X-tree afids calculation functionf; is cost factors.

Assume that:
C = fl 'fz ',..,'ﬁ + CO + Cmisc (l = 1,2,3,K) (24)

Where; C is cost of the subsea equipmefit;is cost-driving factorsf, is basic cost;

Chisc 1S mMiscellaneous cost.
Ocean & Aerospace Research Institute, Indonestalife Cycle Cost of Subsea Syst
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Equation.2-4 also shows that the cost is the proofuthe factors based on a fixed cost
(Co). It is clear that the cost C can be estimatedniojtiplying the cost drivers by the
basic cost, which is generally the cost of a stethgmoduct. TheC,,;s. term refers to
other miscellaneous costs that are related toghgment but not typical to all types.

The basic codsf, is the cost of the typical/standard product amitiegvarious types of
a product; for example, for a subsea Christmas theee are mudline trees, vertical trees,
and horizontal trees. Currently, the standard produthe industry is a 10 psi vertical
tree, so the cost of a 10 psi vertical tree wilcbasidered the basic cost while calculating
the other trees.

2.6.1.2.2. Cost-Driving Factors

The following general factors are applied to albsea cost estimation activities.

Inflation Rate

Inflation is a rise in the general level of priacdsgoods and services in an economy over
a period of time. When the price level rises, eai of currency buys fewer goods and
services. A chief measure of price inflation is thiation rate, the percentage change in
a general price index (normally the Consumer Phaex) over time. The cost data
provided in this book are in U.S. dollars unledseotvise indicated, and all the cost data
are based on the year 2009, unless a specifiay/panvided.

To calculate the cost for a later/target year fatlewing formula should be used:
C:=C,-(1+r) - A+nr)-A+r) (i=123..) (2.5)
Where;C; is cost for target yeaf,, is cost for basic year; is inflation rate for the years
between base year and target year.

For example, if the cost of an item is 100 for ylear 2007, and the inflation rates for
2007 and 2008 are 3% and 4%, respectively, therdkeof that item in year 2009 will
be:

62009 = 62007 - (1 + 7"2007) - (1 + 7”2008) =100-1.03-1.04 =1.0712 (26)

Raw Materials Price

Ocean & Aerospace Research Institute, Indones@life Cycle Cost of Subsea Syst
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The price of raw material is one of the major fastaffecting equipment costs.

Figure.2.4 shows the trends for steel and oil grimeer time between 2001 and 2006.

800 T 80.0
5 70 1 70.0
§ oo + 60.0
3 1 50.0
$ 500 L 40.0
3 + 20.0
& 3001 10,0

200 - - 0.0

17801 S2402 1271002 62803 11404 &1/04 21708 9505 2406 1071006
Date

Figure.2.4: Steel and Oil Prices over Time (Douglas-Westwood)

Market Condition

Supply and demand is one of the most fundamentateqis of economics and it is the
backbone of a market economy. Demand refers to oeh (quantity) of a product or

service is desired by buyers. Supply represents imonh the market can offer. Price,
therefore, is a reflection of supply and demance THw of demand states that if all other
factors remain equal, higher demand for a goodrai$le the price of the good.

For subsea development, the availability/supplfabfication capacity and installation
vessels is one of the major cost drivers. Tighpbupill increase costs sharply, as shown
in Figure 2.5. Figure 2.5 also explains cost treredsilting from technology conditions,
which influence market supply. Costs change veowbl within normal capacity, but
they increase smartly after point ¢ as technologgigs are reached. For example, a 10-
ksi subsea Christmas tree is now the standard praadlihe market, so the cost of a 5-si
subsea Christmas tree will not change too much. édew the 15-psi subsea Christmas

tree is still a new technology, so its costs wiltriease a project’s cost by a large amount.

Ocean & Aerospace Research Institute, Indonestalife Cycle Cost of Subsea Syst
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Cost

Ce

0 a b < d Cost drivers

Figure.2.5: Cost versus cost drivers

Subsea-Specific Factors
Besides the general factors just introduced, caostimations for subsea field
developments have their own specific factors:
» Development region: Affects the availability of aitable installation vessel,
mob/demob (mobilization/demobilization) costs, dety/transportation cost, etc.
» Distance to existing infrastructure: Affects thepgdine/umbilical length and
design.
* Reservoir characteristics: These characteristiogh sas pressure rating and
temperature rating, affect equipment design.
« Water depth, metocean (normally refers to wind, @yand current data) and soill
condition: Affects equipment design, installatiomwshtime, and installation

design.

2.6.1.3. Work Breakdown Structure

The Work Breakdown Structure (WBS) is a graphicifariree that captures all of the
work of a project in an organized way. A subseddfidevelopment project can be
organized and comprehended in a visual manner dgkbrg the tasks into progressively
smaller pieces until they are a collection of dedirtasks, as shown in Figure.2-6. The
costs of these tasks are clear and easy to estforaiee project after it has been broken

down into the tasks.

Ocean & Aerospace Research Institute, Indonestalife Cycle Cost of Subsea Syst
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I
[ l [

Level | » SUBSEA ENGINEERING INSTALLATION

TESTING &
. COMMISSIONING

[
Ll L ol

Wellhead &  [ManifTuting |
Level 2 o Subsea ~

Xmas Tree Tubing Hanger Pipelines Umbilicals
| J | _Hangers | | oids
€ N Tree Assembily
—_— | Equipment _—
Level 3 N L dacials < - Level 4
Choke
b Fabrication

Figure 2.6: Typical WBS for a Subsea Field Development

The level 1 breakdown structure is based primaoity the main costs of subsea
equipment, system engineering, installation, astirtg and commissioning. The subsea
elements are further broken down into the unitsusea Christmas trees, wellheads,
manifolds, pipelines, and so on. At level 3 theakdown reflects the equipment,
materials, and fabrication required.

The cost estimation uses the elements of the WRErithed. The cost of the project is
estimated based on the costs established for éactert, and is the sum of all elements.
The material costs and fabrication costs are obthby requesting budget prices from a
selection of preapproved bidders for each type afemal or work. The scope of the
fabrication work provides details about the worlevant to that material. It contains the
project description, a list of free issue materia@sdetailed list of work scope, and a
fabrication, construction, and delivery schedule.

In some cases, the scope of work document is reghladth a drawing. The costs for
the engineering elements are based on experiende kaowledge of the project
requirements. The man-hours required for the indial engineering activities are

estimated and the cost derived by application efajppropriate man-hour rates.

2.6.1.4. Cost Estimation Process

Cost estimates for subsea equipment can also lanetitby combining the above two
methods (factored estimation and WBS estimatios)siAown in the flowchart of Figure

2.7, we first select the basic cost, which is dedidbased on the WBS of a standard
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product, and then choose the cost-driving factBsslisting the data in several tables,
choosing the appropriate data, and putting theExuation.2-4, we can arrive at the final

estimation cost.

l l

Cost Influencing
Components factors
Analysis Analysis
T 1
4
F values
Wes Calculation
Co Selectifng the

l |

s

Figure.2.7: Cost-Estimating Process Flowchart

2.6.2. Subsea Equipment Costs

2.6.2.1. Overview of Subsea Production System

Subsea production systems can range in complesaty fa single satellite well with a
flowline linked to a host facility, to several welbn a template producing and transferring
product via subsea processing facilities to a Hasility or directly to an onshore
installation. Figure 2.8 shows a typical subseapction system.
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Figure 2.8: Typical Subsea Production System

A subsea field development can include one or mbtke following subsea structures

or equipment:

A wellhead with associated casing strings to prevadbasic foundation structure
and pressure containment system for the well;

A subsea tree incorporating flow and pressure obu#lives;

A tubing hanger, set either in the wellhead or,ttesed to suspend the production
tubing and/or casing;

A manifold/template system for controlled gathefthsfribution of various fluid
streams;

A structural foundation for positioning and suppugtvarious equipment;

A Subsea Production Control System (SPCS) for remmtnitoring and control
of various subsea equipment, such as a HydraukeePtnit (HPU) or Subsea
Distribution Assembly (SDA);

A Subsea Control Module (SCM);

A Chemical Injection Unit (CIU);

An umbilical with electrical power and signal cahleas well as conduits for
hydraulic control fluid;

A Umbilical Termination Assembly (UTA);

A flying lead, which connects the UTA with otherbsea structures, such as a

manifold;
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* One or more flowlines to convey produced and/oedtgd fluids between the
subsea completions and the seabed location ofatefdcility;

* A Pipe Line End Terminations (PLET);

* A jumper, which connects the PLET with other subsg&actures, such as a
manifold,;

* One or more risers to convey produced and/or iegetiuids to/from the various
flowlines located on the seafloor to the host pssogy facilities;

* A subsea High Pressure Protection Systems (HIRP@)ptect flowline and other
equipment not rated for the full shutdown wellhepcessure from being
overpressured,;

* An Installation/Workover Control System (IWOCS oiO&S);

* A pigging system, including launcher and receiver;

* A boosting system, including an Electrical Subm#esiPump (ESP) and
Multiphase Pump (MPP);

» Various connectors used to connect different subgagment;

» Various protection structures and foundation stred.

2.6.2.2. Subsea Trees

Figure 2.9 shows a subsea tree being deployedcdsteof subsea trees in a subsea field
development can simply be estimated by multiplyihg unit price by the number of
trees. Tree type and number are selected and éstirmacording to the field conditions
such as water depth, reservoir characteristic, ffund type. The unit price can be

provided by proven contractors and manufacturers.
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Figure.2.9: A Subsea Tree Being Deployed.

2.6.2.2.1. Cost-Driving Factors

The following factors should be considered for s#bgsee selection:

Tree type (mudline, VXT, and HXT);

Bore size (3,4, 5, 7, and 9 in.);

Pressure rating (5, 10, and 15 psi);

Temperature;

Water depth;

Well type (production well, water injection wellaginjection well);

Service type (sour, neutral, and sweet);

Other factors (strategies for procurement, spauiniding, completion, workover,
testing, installation, commissioning, operationspeaction, maintenance and
intervention, and the experience of the operator).

After decades of experience and technology advaeestancurrent trees are standardized

to the following parameters:

Tree type: mudline, VXT, and HXT,;
Bore size: 5in.;

Pressure rating: 10 psi;

Water depth: 3000 m (10,000 ft).
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At the moment, 3000 m (10,000 ft) of water deptlthis upper bound and is unlikely

to be exceeded in the next few years. So the mash drivers for a subsea tree are

reduced to:
* Tree type;
e Bore size;

* Pressure rating.
The types of tree fall mainly into two categoriésrizontal tree (HT) or vertical tree
(VT). The main differences between HTs and VTstheeconfiguration, size, and weight.
In an HT, the tubing hanger is in the tree bodyerels in a VT, the tubing hanger is in
the wellhead. In addition, an HT is usually smaiiethe size than a VT.

The bore size is standardized to 5 in., so theverg limited effect on the cost when it
is smaller than 5 in., such as 4 or 3 in. A bore $arger than 5 in., such as 7 or 9 in., has
a large impact on the cost.

The pressure ratings for subsea trees are 5, @, %psi, in accordance with API1 17D
and API 6A. Different pressure ratings are usedifégérent water depths. The technology
of 5- and 10-ksi trees is common and is used iemdegpths greater than 1000 m. Several
suppliers can design and fabricate the 5- and l6tkssea trees. The main difference in
the cost is determined by the weight and sizeduhiteon, few companies can design and
fabricate the 15-ksi tree, so costs increase \ithttee because of market factors.

The temperature ratings of subsea Christmas tréleemce the sealing system, such
as the sealing method and sealing equipment. ARk6#erature ratings are K, L, P, R,
S, T, U, and V. Typical subsea Christmas tree gatiare LV, PU, U, and V. Many
manufacturers supply the equipment with a wide eamfggemperature ratings so that they
work in various types of conditions. The temperattatings do not have too great an
influence on the total cost of a subsea Christmeses t

Material rating/selection depends mainly on theemesir characteristics, but it only

has limited impact on the tree procurement cost.

2.6.2.2.2. Cost Estimation Model

Based on the aforementioned cost-driving factdng, ¢ost estimation model for the

procurement of subsea tree can be expressed as:

sz:s"ft'f;a-l_co-l_cmisc (2.7)
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Where;f; is bore size factorf, is tree type factorf, is pressure rating factof; is basic
cost;C,,;isc 1S the miscellaneous cost not common to all trees.

The cost for the basic standardized tree is shawtheé following tables, which
include:

* Pipeline connector;

* Tree caps;

* Remote Operating Vehicle (ROV) retrievable chokeeasbly
But they exclude:

* Tubing hanger,

* Subsea Control Module (SCM),

« Junction plate and

e Sensors.
Base Cost:
Base Cost Cg (x 10° USD) min. = 2.50 | average = 2.75 | max. = 3.00
Pressure 10 ksi Bore Size 5in. Tree Type VXT
Material Carbon steel (seal and gasket clad with CRA)

Cost Factor: Tree Type

Tree Type Mudline VXT Mudline HXT VXT HXT

Cost Factor min. 0.30 0.38 1.00 1.25
average 0.40 0.52 1.30

max. 0.50 0.68 1.35

Cost Factor: Bore Size

Bore Size 3in. 4in. 5in. 7in. 9in.

Cost Factor f, min. 0.90 0.95 1.00 1.15 1.30
average 1.18 1.35

max. 1.20 1.40

Cost Factor: Pressure Rating

Pressure Rating 5 ksi 10 ksi 15 ksi
Cost Factor f, min. 0.95 1.00 1.15
average 1.18
max. 1.20

Cost Factor: Miscellaneous (Insulation)

—~ , 3 ~ .
Coise (X107 USD) min. = 100 | average = 200 | max. = 300

Ocean & Aerospace Research Institute, Indonestalife Cycle Cost of Subsea Syst



Life Cycle Cost of Subsea Production System

2.6.2.3. Subsea Manifolds

Several concepts are applied to manifolds and agsdcequipment in a subsea field
development. Figur.2.10 shows the installatioa sfibsea manifold from the moon-pool
of the installation vessel. Some fields use teneglahstead of manifolds. Actually the
templates have the functions of a manifold. PLEHMIs (Pipe Line End Manifold) are
subsea structures (simple manifolds) set at theoéradpipeline that is used to connect
rigid pipelines with other subsea structures, sagla manifold or tree, through a jumper.
This equipment is used to gather and distributeptioeluction fluids between wells and
flowlines.

The costs of this type of equipment are mainly ehi\by the cost of the manifold,
because it generally makes up about 30% to 70%eofdtal equipment cost, depending

on the type and size of the field.

*Sels

Figure.2.10: Subsea Manifold

2.6.2.3.1. Cost-Driving Factors
The cost drivers for a subsea manifold are:

« Manifold type;
« Number of slots (2, 4, 6, 8, 10);
e Pressure rating;

» Temperature rating;
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* Pipe size;

* Material class.

Manifolds are usually designed with 2, 4, 6, 8, anthetimes 10 slots. The number of
slots mainly influences the size and weight of sticture, as does the pipe size. In
addition, the size of the manifold affects theafistion.

Pressure ratings, usually 5, 10, and 15 psi, manflyence the pipe wall thickness
and the selection of the valves. Temperature ratamgl material class ratings are selected
depending on the fluid characteristics. Temperanfteences the selection of the sealing
material in the valves.

Both temperature ratings and material class ratihgse limited effects on

procurement costs.

2.6.2.3.2. Cost Estimation Model

The cost of a typical manifold can be expresseilasys:

C:fs'ft'fn-}'co-}'cmisc (28)

Where; C is cost of the manifoldf; is manifold type factor (cluster, PLEMY;, is
number-of-slot factorf; is pipe size factor¢, is basic cost(,,;s. is miscellaneous cost
not common to all manifolds.

The effects of pressure rating are incorporateal tim pipe size factor:
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Base Cost

Base Cost Co (x10° USD) Min. = 2.0 | Avg. = 3.0 | Max. = 4.0

Number of Slots/ o Type Cluster OD 10 1n.
Headers

Base Materials Carbon steel Pressure 10 ksi

Cost Factor: Manifold Type

Manifold Type PLEM Cluster
Cost Factor f, Min. 0.50 1.00
Avg. 0.60
Max. 0.70

Cost Factor: Number of Slots (for Cluster Manifold)

Number of Slots 2 4 6 8 10
Cost Factor fy Min. 0.55 1.00 1.10 1.30 1.70
Avg, 0.70 1.30 1.50 2.00
Max. 0.85 1.50 1.70 2.30

Cost Factor: Pipe Size

Pipe Size (OD) 8 in. 10 in. 12 in. 16 in. 20 in.
Cost Factor f; Min. 0.90 1.00 1.02 1.10 1.15
Avg. 0.93 1.05 1.15 1.25
Max. 0.96 1.08 1.20 1.35

Cost Factor: Miscellaneous (Such as Insulation)

Coniee (¥ 107 USD) min. = 150 | average = 250 |max. = 350

2.6.2.4. Flowlines
Flowlines are used to connect the wellbore to tinfase facility and allow for any

required service functions. They may transportasilgas products, lift gas, injection
water, or chemicals and can provide for well tegtiflowlines may be simple steel lines,
individual flexible lines, or multiple lines bundlen a carrier pipe. All may need to be
insulated to avoid problems associated with coobighe production fluid as it travels
along the seafloor.

The cost of flowlines is usually calculated sepalsafrom the costs for other subsea

equipment. The estimation can be simply arrivebdyainultiplying the length of the line
and the unit cost.
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2.6.2.4.1. Cost-Driving Factors

The main cost drivers for flowline procurement are:
* Type (flexible, rigid);

e Size (diameter and wall thickness, based on pressating and temperature

rating);
* Material class;
» Coating;
* Length.

The steels applied in the offshore oil and gas shguvary from carbon steels (API
standards Grade B to Grade X70 and higher) to @sttiels such as duplex. The higher
grade steel obviously commands a higher price. Mewes the costs of producing high-
grade steels have been reduced, the general tretftkiindustry has been to use the
higher grade steels, typically subsea flowline geaX70 and X80 for non-sour service
and grades X65 and X70 with a wall thickness ofa0 mm for sour service.

Flexible flowlines make the laying and connectigrerations relatively easy and fast.
Material costs for flexible lines are considerahigher than that of conventional steel
flowlines, but this may be offset by typically lomiastallation costs.

High-pressure ratings require high-grade pipe nmaseithus the cost of steel increases
for high-pressure projects. However, the increasgrade may permit a reduction of
pipeline wall thickness. These results in an oVeraduction of fabrication costs when
using high-grade steel compared with low-gradel.stéee pressure rating—cost curve is
shown in Figure 2.11.

Pressure Ratings-Cost

25
6 iml{ S
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- '//,_
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Figure.2.11:Pressure Rating—Cost Curve

The factor of pressure rating is combined into [Eijze factor.
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2.6.2.4.2. Cost Estimation Model
Costs for flowlines in a subsea field can be exgedsas:

C:fs'ft'L'CO-}'Cmisc (29)

Where;f; is flowline type factorjf; is size factorf,is basic cost per unit length (meter);
L is total length of the flowline (meterf,,,;s. iS miscellaneous cost associated with the
flowline.

The effects of pressure ratings and temperatunegsaare incorporated into the size
factor Note that for flexible pipe, the normal tesmgture rating is _65 C (150 F). For a
temperature rating > 65 _C (150_F), the price irssalramatically.

Base Cost, (USD/meter) Min = 165 | average = 230 | max. = 295

Parameters: 10-in. OD, 10 ksi (ANSI 2500), API 565Xrigid pip
Base Cost,, (USD/meter) Min = 1970 | average = 2300 | max. = 2620

Parameters: 5.625-in. OD, 6 ksi (ANSI 1500), fléxipipe.

Note: Flexible pipe has a big discount for length.
Cost Factor: Size

Rigid Size 41in. 10 in. 12in. | 161in. 20 in.
Cost Factoj‘:g P9A( 0.1% 1.0C 1.2C 1.6C 2.2C
P5(C 0.2t 1.3C 1.8C 2.6(
P1C 0.3t 1.4C 2.0C 3.0C
Flexible Size 4in. 6.625 in. 8in. | 10in.
Cost Factoj‘:g PAC 0.5C 1.0C 1.1C 1.7C
P5(C 0.6t 128 1 1.9C
P1C 0.8C 1.4C 2.1
Cost Factor: Miscellaneous (Coating)
Coating (USD/meter) 41n. 10 in. 12 in. 16 in. 20 in.
Cost FaCtOCmisc P9C 15C 36C 40C 48( 59C
P5( 18C 46( 50C 60C 72C
P1C 21C 56( 60C 72C 85C

2.6.3. Testing and Installation Costs

2.6.3.1. Testing Costs
Testing is a key part of subsea field developmiernsures that all equipment meets the

design specifications and functions properly, bathividually and as a whole system. It
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also ensures quality, controls costs, and mainthi@schedule. Therefore, testing needs
to be planned at a very early stage of the propaut], testing requirement needs to be
written in the contract or purchase order spedifices. Poor planning for the testing
phase will delay the observation of nonconformjtegfect the project schedule, and may
cause major problems or delays.

Testing includes a Factory Acceptance Test (FAX)jeided Factory Acceptance Test
(EFAT), and system integration test (SIT). The miteof these tests are as follows:

» Confirm that each individual assembly is fit fas ihtended purpose and complies

with its functional specifications, as set by vendod operator.

» Verify that each individual assembly interfaces aparates properly with other

components and assemblies of the system.

» Demonstrate that assemblies are interchangeabégjuired.

» Demonstrate the ability to handle and install teeemblies under simulated field

conditions, if possible.
» Provide video and photographic records, if possible
* Document the performance.
* Provide training and familiarity.

A FAT is concerned with confirming the mechanicaimpletion of a discrete
equipment vendor package prior to release frormthaufacturing facility for EFAT or
System Integration Test (SIT) testing. A FAT iseimdled to prove the performance of the
discrete component, subassembly, or assembly. @mpletion of the FAT, a system-
level EFAT is performed on the subsea equipment.

The cost for FAT testing is normally included iretbquipment procurement cost. The
cost of an EFAT, when needed, is normally negdlidgtetween the vendor and the
operator.

System integration can be broadly described asntieeface between various subsea
systems. To ensure the whole system is interfagiogerly and functioning properly, a
System Integration Test (SIT) is needed. The aorsa fSIT includes the following items:

* Tooling rent;

» Personnel (coordinator, technician, etc.);

e Support;

* Spare parts (may be included in the procuremert}.cos

The estimated costs for key subsea equipment &llisked in Table 2-2.
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Table.2.2: System Integration Test (SIT) Costs

100 200 300
150 200 250
50 100 150
25 50 75

100 200 300
100 200 300

2.6.3.2. Installation Costs

Installation costs for a subsea field developmewniegt are a key part of the whole
CAPEX, especially for deep water and remote arfeksning for the installation needs to
be performed at a very early stage of the projedrder to determine the availability of
an installation contractor and/or installation \e¢sas well as a suitable weather window.
Also, the selection of installation vessel/method aveather criteria affects the subsea
equipment design.

The following main aspects of installation needbéoconsidered at the scope selection
and scope definition stages of subsea field dewesop projects:

*  Weather window;

* Vessel availability and capability;

* Weight and size of the equipment;

» Installation method;

» Special tooling.

Different types of subsea equipment have diffen@ntghts and sizes and require
different installation methods and vessels. Gehethk installation costs for a subsea
development are about 15% to 30% of the whole sutiegelopment CAPEX. The costs
of subsea equipment installation include four magmponents:

* Vessel mob/demob cost;

* Vessel day rate and installation spread;

» Special tooling rent cost;

» Cost associated with vessel downtime or standbyinvgaime.
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The mob/demob costs range from a few hundred timoludallars to several million
dollars depending on travel distance and vessel typ

The normal pipe-laying vessel laying speed is al3otd 6 km (1.8 to 3.5 miles) per
day. Welding time is about 3 to 10 minutes per tjalepending on diameter, wall
thickness, and welding procedure. Winch loweringes}s range from 10 to 30 m/s (30 to
100 ft/s) for deployment (pay-out) and 6 to 20 (@@ to 60 ft/s) for recovery (pay-in).
For subsea tree installation, special tooling ¢uneed. For a horizontal tree, the tooling
rent cost is about USD $7000 to $11,000 per dayaReertical tree, the tooling rent cost
is about USD $3000 to $6000 per day. In additiam,& horizontal tree, an additional
subsea test tree (SSTT) is required, which cost® B8000 to $6000 per day. Tree
installation (lowering, positioning, and connec)imgrmally takes 2 to 4 days.

Table 2.3 shows the typical day rates for varivessels, and Table 2.4 lists some
typical subsea equipment installation duration §me

Table.2.3: Day Rates for Different Vessel Types

Vessel Type Minimum Day  Average Day Maximum Day
Rate ($ 000s) Rate (in 000s) Rate (in 000s)

200 350 500
700 900 1100
750 950 1050
200 400 600
800 1000 1200
250 400 550
40 80 120
70 85 100
20 30 40
10 15 20
35 50 65

Table.2.4: Typical Subsea Structure Installation Duration0@ 5 WD)
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Jumper
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2.6.4. Project Management and Engineering Costs
Project management and engineering costs are hagpgndent on the charge rate for

each discipline’s managers and engineers. The ehratg is driven by market conditions.
For North America and Europe, on average, the fomdnagement rate ranges from
$150 to $300, and the hourly engineering rate raufigen $100 to $250.

The costs of management and engineering for equipriadrication and offshore
installation are normally included in the equipmgmbcurement expenditure and
installation contract cost.

The costs of management and engineering for an EfPhChormally adds up to about
5% to 8% of the total installed CAPEX.

2.7. Subsea Operation Expenditures (OPEX)
An offshore well’s life includes five stages: plamg, drilling, completion, production,

and abandonment. The production stage is the mgxirtant stage because when oil and
gas are being produced, revenues are being getheNdemally a well’'s production life
is about 5 to 20 years.

During these years, both the planned operationsvaidtenance (O&M) expenditures
and the unplanned O&M expenditures are needed ltulate life cycle costs. OPEX
includes the operating costs to perform “plannedbmpletions. OPEX for these planned
recompletions is the intervention rig spread cosltiplied by the estimated recompletion
time for each recompletion. The number and timirigpanned recompletions are
uniquely dependent on the site-specific reservbaracteristics and the operator’s field
development plan.

Each of the identified intervention procedures lisken into steps. The duration of
each step is estimated from the historical data. fdn-discounted OPEX associated with

a recompletion is estimated as:

OPEX = Ipuration X Reost 72 (2.10)

Where;lp,ration 1S INtervention duration ankl.s; is Rig spread cost.
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Table.2.5 shows a distribution for the typical costmponents of OPEX for a deep-
water development. The percentage of each cost @oemp of the total OPEX varies
from company to company and location to locationsiCdistributions among OPEX
components for shallow-water development are simtla those for deep-water
developments, except that the cost of product pramation is significantly lower.

Table.2.5: Typical Cost Distribution of Deep-water OPEX.

e =
PwgENvNRPrwRr DO

30
16

2.8 RISKEX of Subsea System

The RISKEX methodology developed in DTTAS /3/ wagdi as a basis for determining
the RISKEX for the subsea completions. RISKEX casts calculated as the probability

of uncontrolled leaks times assumed consequendée aincontrolled leaks:

RI; = ¥ Pob;(avtivity —j « C; (2.11)

Where;RI is RISKEX costsPob; (activity j) is the probability of a blowout ofz8 i
during activity j, and’; is the cost of leak of sizéjs {limited, major, extreme}.

Blowout of a well can happen during each mode & #lubsea system: drilling,
completion, production, workovers, and recompletiohhe probability of failure of the
well completion system is a function of the proltibiof failure during the various
operating modes (drilling, initial completion, naxmproduction, workovers and re-
completions). Thus, the probability of a blowoutidg a well’s lifetime is the sum of

each single probability during each mode.
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The lifetime probability of a blowout is calculated:

POb(BO during lifetime)

= P(drilling) + P(initial compl.) + P(prod) + Z P(WO) + Z P(re—compl.)

(2.12)
The cost of a subsea well control system failutewbut) is made up of several elements.
Considering the pollution response, it is likelyb® different among different areas of the

world. Table 2.6 shows this kind of costs in theéustry from last decades.

Table.2.6: Cost of Blowouts in Different Geographic Areas fMial Management

Service]
North Sea 16.1 Cost of cleanup
Surface Dol el 13.9 Redrilling costs
France Underground blowout on 9.0 Redrilling costs
. 02/1990

producing well 12.0 Cost of cleanup
GoM Underground blowout 07/1990 1.5 Cost of cleanup
Middle East Ur_1d_erground blowout when 11/1990 40.0

drilling
L Exploration and blowout 08/1991 16.6 Operatqr S DU

expenditure
North Sea Blowout of high-pressure well Operator’s extra
) , o 09/1991 12.25 :

during exploration drilling expenditure
GoM Blowout 02/1992 6.4 Operator’s extra cost
North Sea Undergr_ound p[owout during 04/1992 17.0 Operatqr S extra

exploration drilling expenditure
[l Blowout during drilling 09/1992 5.5 lplEins it

expenditure
Vietnam Surface gas blowout followed by 6.0 Redrilling costs
02/1993 54.0

underground flow Cost of the well
GoM Operator’s extra

Blowout 01/1994 7.5 expenditure
Philippines  Blowout of exploration well 08/1995 6.0 Cost of thell
GoM Surface blowout of producing Cost of wells and

well 11/1995 20.0 physical

(11 wells lost) damage costs
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2.9 RAMEX of Subsea System

Reliability, availability, and maintainability expditures (RAMEX) are cost which is
related to subsea component failures during a svéifietime. The component failures
require the well (and sometimes the entire systenije shut-in while the component is
being repaired. The costs to the operating compérigese component failures fall into
two categories:
 The cost to repair the component (i.e. repair @espeead cost multiplied by
duration), and

» The lost production associated with one or mordsaseding down.

The RAMEX of a particular component is calculatgdnbultiplying the probability of a
failure of the component by the average consequense associated with the failure
(repair and lost production costs). The total RAME#®st is the sum of all of the

components’ RAMEXs:

RA= Cr+Cp (2.13)

Where;RA is RAMEX cost,Cr is cost of repair (vessel spread cost and the oot
repair/change cost) arp is lost production cost.

Actually, the repair cost of a failed componenglso a workover cost, which should
be an item of OPEX. Normally, however, only thediphed” intervention or workover
activities are defined and the cost estimated. Wittplanned” repairs, RAMEX costs are
calculated by multiplying the probability of a faie of the component (severe enough to
warrant a workover) by the average consequenceassstiated with the failure.

The procedures for RAMEX calculation is performbkobtigh the following four steps,

as illustrated in the Figure 2.12.
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1. Identify components failures modes
2.ldentify costs associated with each repair
operation.

3.Determine the frequency of component
failure

4.Determine cost of each subsea component

failure

Figure.2.12:RAMEX Cost Calculation Steps.

2.9.1 Identify Components Failures Modes
A table of well system components —from the reseiteothe tubing hanger- is developed

for each completion system. Failure modes suchsend control system failure, tubing
leak and SCSSV failure are determined.

Subsea completion equipment (i.e., manifolds, jusipetc.) can fail, resulting in
production loss from one or more wells. Becausesaheomponents can cause the
downtime of more than one well, they are modelepgassely from the downhole
components. Table.2.7 lists the types of subsesrsewith the percent of wells affected.

Table.2.7: Subsea Equipment Repair Costs

Subsea Repair/Replace Type % of wells affected|

Hydraulic system umbilical (Repair/Replace) 100
Electrical system umbilical (Repair/Replace) 100
Hydraulic extension umbilical only if > 8 wells (B&r/Replace) 100
Electrical extension umbilical only if > 8 wells éRair/Replace) 100
Repair Pipeline or PLEM/PLET 50
Flowline Jumper (Repair/Replace) 50
Extension pipeline or PLEM only > 8 wells (Repagfiace) 50
Extension jumper only > 8 wells (Repair/Replace) 05
Tree jumper extension only > 8 wells (Repair/Rep)ac a well
Tree jumper (Repair/Replace) a well
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Well Jumper (Repair/Replace) a well
Well Flying Leads (Repair/Replace) a well
Well control Pod (Repair/Replace) a well
Well Choke (Repair/Replace) a well

2.9.2 Identify costs associated with each repair operation.
An FMECA identified critical failure modes (mecheal failure, reservoir-related

failures, and regulatory driven shutdowns) and rdeteed associated consequences of
failures for each well system component. This psecélentified which operating
procedure would be used to achieve the repair.opfegating procedure determined the
duration of the repair activity and the type(syepair resource(s) required for the repair.
These repair resources include platform rig, MOM{KV, MSV, wireline or coiled
tubing unit, etc. Repair resource “availability &m(i.e., how long before a resource
vessel can be contracted to perform the opera#ind)repair resource “spread costs” are
estimated based on local conditions. These aréyeasied to determine their effect on
the total project economics. Well production losté&ired while waiting on repair
resources and during the repair operation are digmeron the number of wells affected
by the component failure and on individual well qguotion rate(s) at the time of the

failure.

2.9.3 Determine the frequency of component failure.

Component reliability data that were developed fmth RISKEX and RAMEX
calculations consisted of estimates of limiteduies and extreme failures. For example,
a tubing joint has a probability of developing lied leak due to minor damage or
improper make-up and a less likely probability of extreme failure that results in
rupture or parting.

All extreme failures were assumed to necessitateogkover. However, a limited
failure may or may not cause a stoppage of opergtidepending on the size and nature
of the failure. Small leaks often cause pressusesidrease in the annulus between the
tubing string and the production casing. The U.$hdvhls Management Service (MMS)
permits production to continue with annulus presseo long as the pressure build-up is

within certain limits. Leaks that are sufficientiynall to permit continued operations may
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eventually increase in size until sustained annuiassure indicates loss of a well control

barrier.

2.9.4 Determine Cost of Each Subsea Component Failure.

A field development system is defined as a singdifihierarchical network of completion
components. The field development system can doofls@e or more wells; the well can
consist of one or more completion components.

A well is modeled as a list of completion composewith their associated failure
modes, corresponding consequences in terms of eddquoduction, and required repair
resource. A well is considered to function if afl its components are functioning (in
reliability theory referred to as a series strugjuilhe type and number of completion
components may vary from well to well.

The frequency of unplanned workovers can be caledlausing the RAMEX
methodology. Each component failure mode has afgpamrkover associated with its
repair. Using the component failure probabilitiescribed earlier, it is then possible to
determine the frequency per year of each unplanwedkover. Unplanned repair
frequencies are calculated for the various typegodir operations.

RAMEX is calculated by multiplying the yearly systdailure probability by the costs
associated with lost production and repairing th&tesn for the particular failure. This
section will first describe the calculation of tlwest production costs, then describe the
repair costs.

The oil/gas production profiles vary over time. Raadividual well will have a
normal production rate, which sums to the normalydheld production rate. The
individual well capacity can be larger than themak rate.

The production consequence for an individual wepehds on the following:

* The production rate at the time the failure ocadirre

» Lost capacity while waiting on repair resources

* Availability time for the repair resources

* Active repair time

The average production loss per year due to amicplar component is given by the

following equation:

PLyeqy = 22D (7 0 4 Te) PR 365 days/year (2.14)

1year
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Where:PL,.q, is the production loss cost for a given ye(H) is the probability of
component failure for the end of the year (e.goRykear 1),P,(L) is the probability of
component failure for the beginning of the yeag.(&.for year 1), is the mean time to
repair a certain failuréz 4 is the rig availability timePR isthe average well flow rate for
that particular year.

The average production loss per year for a givelh izz¢he sum of the losses for all
the well components. This concept of lost producigofurther illustrated in the following
figure. Figure.2.13 illustrates the costs thateads a result of lost production time where
TTF is time to failure, LCWR is lost capacity whilaiting on rig, TRA is the resource’s
availability time (vessel), and TAR is the actiepair time.

]

LCWR

Production Rate (BOPD)

Taa Tax Life Time

Figure.2.13:Costs Due to Lost Production Time.

The mean time to repair is dependent upon the tperased to repair the system. A
repair operation is required for each componenurai Each operation will have a
corresponding repair vessel, depending on the soefaly tree, subsea).

A field production profile prediction provides tbhasis for a field development plan. This
field total production rate prediction is the suhthe individual well production rates.
Processing facilities capacity typically limits thield production rate during a “plateau”
period when many wells are producing at near mamimates. The production profile
will normally represent a “zero equipment failurgenario and its production volume
over the planned lifetime can be regarded as “id=adverable reserves”.

The repair costs are calculated by multiplying yearly system failure probability by

the mean time to repair the failure and the rigeagrcost. For each component failure,
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there may be a different resource associated Wwehreépair, and hence a different cost.

The repair cost is calculated by using the follaywguation:

RCyeqy = L2 Pl) o psC (2.15)

1year

Where:RC is resource cost associated with a particulauf@jll,; is the mean time to
repair a particular compone®SC is resource spread cost ($/day).

The final RAMEX values are calculated by multiplgithe yearly failure probability
by the sum of the production costs and the repastscfor a particular failure. This is

shown in the following equation:

Pa(H)—Pg(L
RAMEXyear = ZComponent failruew{[(TAR + TRA)] LP 365 (TAR RSC)}

1year

(2.16)

Where:RAMEX,,.q, = the total RAMEX of a particular system for atparlar year.

The % uptime is defined as the percentage of thamam flow that can be expected
during the field’s lifetime. This percentage is adhted by dividing the welldays
attributed to lost production from the total numbéwell-days during the field’s life.

The calculation for the % uptime of a dry tree sgsts shown through the following

equation:

Zn— LPDy
x=1 Wy

Youptimegrytree = 1 — (2.17)

D¢otai

Where: %uptimeg,ytree 1S the percentage of maximum flow expected from wee
wells during the field’s lifetimelPD,. is the days of lost production in a given year (x)
for the dry trees calculated through RAMEX techeisjuV, is the number of subsea
wells for a given yeam),,:,; is the total number of days for a field during iifetime

The calculation of the % uptime of a subsea sysseshown through the following
equation:

n n LPSWx
—1 LPSEx+) . x=1——
Zx—l x Zx—l Wy

% uptimegypseq = 1 — Y (2.18)
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Where:% uptimeg,,s.q 1S the percentage of maximum flow expected frotvssa wells
during the field’s lifetime LPSE, is the days of lost production in a given yearf@t)the

subsea equipment calculated through RAMEX techsiguBSW, is the days of lost
production in a given year (x) for the subsea wealddculated through RAMEX

techniques.

2.10 Overall Lifecycle Cost

The life cycle cost (LC) of a subsea system isudated by:

LC = CAPEX + OPEX + RISKEX + RAMEX (2.19)
OPEX RISKEX RAMEX
LC = CAPEX + Zke(i,n)m + Zke(i,n)m + Zke(i,n)w (2.20)

Where:OPEX; andRC; represent the OPEX and Risk Cost in year i regpygt r is the

discount rate and N is the field life in years.
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Based on:

. Field location

. Water depth

. Number of wells

e Well properties
Determine the field architecture

Step ] — Field Layout

Based on:

. Field development plan/concept

Select the subsea equipment including:

. Type, and i
. Total Equipment Cost:

Step2  ——s  Quantity Ce=(1+2-4%+2-4%+2-4%)C,

Estimate the total procurement cost C,, and
. Add 2-4% for tax and tariff

. Add 2-4% for transportation cost

e Add 2-4% for sparing parts

Based on:

. Selected subsea equipment

Estimate the cost of testing (FAT, EFAT, SIT) and offshore commissioning
(5-10% of Cg)

Step 3 Cr=(5-10%) C

Based on:
. Field location
. Subsea equipment size/weight
\J o availability of installation vessel
e Weather window
Step 4 ~ | Estimate the cost of installation-Cj, including:
. Mobilization/Demobilization
. Day rate x Time duration
e Tooling rent cost
Add another 20-30% for duration considering unknown weather downtime

Cllnlxll:( 1 +20'30°/o) C|

Estimate the cost of project management and engineering:

Step 5 —— Cp=5-8%*Cinstat

Cp=5-8%*Cnsant

Estimate the cost of owner’s insurance and project management:
Step 6 Co=7-11%*Cinstant ik = Co=7-11%>Cinsun

Sub Total CAPEX:
Cup=Ce+Crt+CipgtantCpt+Co

Based on the level of confidence, add another 10-20% for the cost

Step 7 —— —‘ CAPEX= (1+10-20%)Cyy,

contingency and allowance.

Figure.2.14:CAPEX Calculation Steps [Y.Bali].
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Chapter.3

3.0 Life Cycle of Satellite Cluster

Subsea System

3.1 Subsea System Field Development

A 6-well satellite clustered subsea system desigis @eveloped to demonstrate the
model. Figure.3.1 shows the overall layout for bfase case 6-well subsea system. The
subsea system includes hydraulic and electricaliligals and pipeline connecting the
subsea system to a remote host platform. Flowjlimepers connect the pipeline end
manifolds to a 6-well manifold and well jumpers nent the manifold to individual wells

that are clustered around the manifold. Hydrautid electrical flying leads connect the

hydraulic and electrical termination units to indival wells.

PRODUCTION
MANIFOLD

ELECTRICAL LEAD
- ——-——HYDRALLIC LEAD
HYDRALUIC PIG UNE

WELL JUMPER
—— ] ECTRICAL SUPPLY
HYDRALLIC SUPPLY

—HDRAUUC. SUPPLY
[¥X] WANUAL NEEDLE VALVE

k] MANUAL GATE vALVE

Ii.l HYD. ACTUATOR GATE VALVE

# ® N
TS e
b E}-r‘ o 1)
L / PRODUCTION A&
PLEM
PROOUCTION 8
S P
Hpe Ak J e’
®F &7
- FLOWUNE JUNFER
MEY FLYING LEAD ELECTHC
Fy UMBLICAL
| WELL JUMPER N

HrorauLK
ISTREUTION

(ELECTRICAL FLYING LEAD) |+
J ELECTICAL

DISTRIBUTION

HYDRAULIC
UMBLICAL

(HYDRALLIC FLYING LEAD)

3 10,000 PSI CI SPARE & AS
110000 P51 HPH

13,000 PSI LPH J |

FLATFORM

6-WELL SATELLITE CLUSTERED - CONCEPT

REV-B
12-2-99

Figure.3.1: Satellite Cluster.

The methodology and spread sheet tool has beem@sgpdao model additional subsea

facilities with pipeline umbilical extensions to additional subsea manifold with
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associated wells. This permits the evaluation @hgaety of subsea configurations and
numbers of wells.

A schematic of the conventional tree used in theelizase is displayed in Figure.3.2.
The tree consists of a 4-inch vertical access potbaiu bore with wire-line plug access to
the tubing hanger via the tree. The annulus boizich nominal with direct wireline

access to the tubing hanger annulus.

TREE BOUNDRIES =
BORE SECTION

OATE 11-14-00

Figure.3.2: Conventional or Vertical Tree Schematic

The horizontal tree connects directly to the subsebhead system. The horizontal
tree design eliminates a tubing head spool as pitgdfeund in the base case vertical tree
system. The horizontal tree assembly will carry floe-line hub enabling vertical well
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jumper connections between the tree and manifalgiré.3.3 displays the base case

horizontal tree configuration).

— CRUD CAP
- -
\““-\__ INTERNAL TREE CAP
CHOKE INSERT

ANNULUS

X-OVER _ocpﬂ(n
]

/—C HOKE BOOY

GASKET:

THS FLOWLOCP

\ \_SUPFORT FRAME
LOCKDOWN PACKOFF

CASING HANGER
LOCKDOWN {

—_— 1 1 7

WELLHEAD

MUDLINE

DWig HREE—

TREE BOUNDRIES o
BORE SECTION Py

Figure.3.3: Horizontal Tree Schematic

3.2 Results and Discussion

The methodology and spread sheet program develbpettis JIP has been used to
quantify the CAPEX, OPEX, RISKEX and RAMEX factothat determine the
differences in these well systems. The followingtisms describe results and conclusions

derived from evaluation of numerous case examples.

Dry Tree Tieback Systems.
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We have compared three dry-tree well systems foase example: dual casing riser,
single casing riser and tubing riser. The base irgmsé data are summarized in Table.3.1
and the lifecycle costs are presented in TableaB®Figure.3.4. The results indicate that
a dual casing riser is the most cost efficient. Simgle casing system is differentiated by
its high RISKEX and the tubing riser system is aiéintiated by its high OPEX and
RAMEX. Note, however, that the base case is locatelkep water 1220 m and produces
from a high-pressure reservoir.

Single casing risers provide an ideal solutiondballow water and moderately deep
water when formation pressures are very near seawagtadient. Because well
interventions are performed with a surface BOPksthoough the single casing riser, a
small leak in a single casing riser can cause @fswell control in deepwater when
formation pressures are abnormal. RISKEX during weérvention operations is quite
high in this case. RAMEX is higher than for a deaking riser because any annular

pressure requires an immediate intervention.

Table.3.1: Case Study Input Data

INPUT

DATA
Field Life (years) 10
# of wells 6
Water depth (feet) 4.000
Zone depth (feet BLM) 10.000
Pipeline size (in) - for subsea equipment 12
Pipeline length (mi) — for subsea equipment 35
Infield extension (mi) — for subsea equipment 5
Facilities processing limit (MBOPD) No limit
Oil op. margin in year produced ($/bbl) 8
Discount rate for NPV calculations (%) 15
Number of unplanned tree replacements 2
Number of unplanned downhole repairs 2.5
Number of unplanned sand control repairs 5
Recoverable reserves per zone (MM BO) 22
Initial production rate (M BOPD) 15
Decline rate (%!/year) 10
Ratio frac pack — horizontal wells 1:1
Ratio planned uphole frac packs—sidetrack frac 1:1:1
packs—sidetrack horizontals
Limited uncontrolled release cost ($ / BOPD) $1.700
Major uncontrolled release cost ($ / BOPD) $35.000
Extreme uncontrolled release cost ($ / BOPD) $250,000

Ocean & Aerospace Research Institute, Indonestlife Cycle of Satellite Cluster Subs
System



Life Cycle Cost of Subsea Production System

Table.3.2 Dry Tree Completion Alternatives RAMEX Resultsyélls, 1220m

DUAL SINGLE TUBING
CASING | CASING RISER
% Uptime 98.0 % 97.8 % 97.8 %
Repair Cost ($MM) 11.4 12.0 15.7
Production Lost ($MM) 25.6 29.1 28.9
Total RAMEX (SMM) 37.0 41.1 44.6
$250
$225 + ———----------—- A, - - ————-— -
$200 + - - —===——-----—— [N - - - - - - ---
$175 - - - - - - - - - - . - - - - - - -
$150 - - - - - - - - --——--- -—
$125+-- - - - -----|  fF------ -
$100 T —— —|[RN - — - - - —— L - — — - - - ---
$75 +—— [ - — - —— A - ————- -
ss0+---4  |----—-——-| | --—---- -
s5+---4  |----—--—-| | ------ -
$0 :
Dual Casing Single Casing Tubing Riser
Total Cost (SMM) 193 242 212
B RAMEX ($MM) 76 84 95
ORISKEX (SMM) 1 61 4
B OPEX (SMM) 15 15 23
= cAPEX (sMM) 101 81 91

Figure.3.4: Dry Tree Completion Alternatives Lifecycle CostM® NPV), 6 wells,

1220m

Subsea Production Systems

The results of a case example of subsea well sgséeenshown in Table 3.3 and Figure

3.5. Input data presented in Table 3-3 were usedhie example. The results indicate

that the horizontal tree system is the most ecocanor the base case and both cases are

dominated by the RAMEX.
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Table.3.3: Subsea Completion Alternatives RAMEX Results, fisyé220m

CONVEN- |HORIZON
TIONAL -TAL
TREE TREE
% Uptime 89.6 % 89.6 %
Repair Cost ($MM) 69.4 64.1
Production Lost (SMM) 132.3 131.9
Total RAMEX (SMNM) 201.7 196.0
$1,000
$900 1
$800 1
$700 1
$600 1
$500
$400
$300+-----
$2007-----f |- --------1  ---=-
$1noT---—--f |-~ -------p e
$0
Conventiona Horizontal
Total Cost (SMM) 950 903
BRAMEX (SMM) 464 445
ORISKEX (SMM) S 5
B OPEX (SMM) 88 74
OCAPEX (SMM) 393 379

Figure.3.5: Dry Tree conventional and horizontal Lifecycle €C&MM NPV), 6 wells,
1220m

Horizontal subsea tree system permits workover ajmers without removing the
subsea trees. This system is most economical ifenoms workovers are required for
recompletions to new zones.

Conventional subsea trees can be replaced morly ¢lasn horizontal trees in the
event of the failure of a tree valve or actuatayn@ntional subsea trees can be replaced
without pulling the completions string; horizontlibsea trees require the completion
string to be pulled prior to pulling the tree. Tékre, the most economical type of tree is
influenced by the reliability of the tree comporgersuch as valves, valve actuators,
connectors, etc.

Subsea production systems have several unique &gy CAPEX can be much less
than for a new platform facility when an existiragility is available to accept production
from a subsea production system. RISKEX is rel&il@wv for subsea systems. Table 4
and Figure 3 show that RAMEX and OPEX can be sicgmitly higher than dry-tree
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systems, depending on reservoir characteristice. ddily spread cost for a MODU is

about twice that of a platform rig operation anthkes almost twice as long for most well
interventions. Handling subsea BOP’s and marirersisakes much longer than dry-tree
intervention operations. Therefore, subsea wedlrugntions cost three to four times as
much as dry-tree interventions.

Smart completions may be useful to minimize RAMEX $ubsea wells. Smart or
intelligent completions have the potential to:

* Remotely and inexpensively isolate a depleted zonkinitiate flow from a new
productive zone, regulate the flow from adjacememto maximize recoveries
and reservoir performance, remotely achieve othieanges in downhole
configurations.

* The use of a smart completion for zonal recomptetiden the primary zone is
depleted provides the potential to eliminate areaespve workover.

This potential saving is partially offset by sevesealler costs. The alternate zone
must be properly completed with an appropriate samdrol system, thus, increasing the
initial well cost and perhaps delaying productiéteservoir characteristics are better
understood after several years of production, tipgsmitting improved re-completion
designs. Smart completion tools cost more to ihatad because of increased complexity
are more likely to fail, requiring an unplanned wavrer.

The net present value (NPV) of a smart completiédPEX must be compared to the
NPV of a later workover and the system RISKEX am&IVEEX to determine the most

cost effective development plan
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