




Installation and 
deployment



Both in the development phase or during operations it is very important to 
look at the cash flow, cost and revenue of the asset.

The hydrocarbon production  is the most important cash generator in a petroleum 
asset



Components defining the field performance



ReO

Commercial software used in the oil industry to compute field performance

WellFlo

















as a collection of points?





Single well rate (recommendation of the 
reservoir engineer, avoid sand production, 
erosion, etc.)



We will assume at this point that all wells are identical and that the production potential of a group of wells is just the production potential o
single well multiplied by the number of wells

In reality, if the wells production is connected by flowlines and pipelines, there could be hydra
interference between them so the production potential of a group of wells is not additive.



Arquitecture of the production system



sampling



An Isometric view

Test and production manifolds on an Onshore field



Test and production manifolds on an offshore field

A dry christmas tree vs. a wet christmas tree



Onshore fields and test separators

"Portable" test separators















Calculations for plateau mode. Plateau rate of 20 E6 Sm^3/d

For all these years, production 
potential is greater than 
plateau rate, that means that it 
is feasible to produce it!



How to find plateau duration with Excel solver?

Activate the solver in Excel: File, options---Add-ins



After plateau, the field its producing at is production potential



But it is important to estimate the behavior of the production potential to estimate plateau 
duration.







Using the trapezoidal method to calculate cumulative 
production





Producing two plateau periods



It might actually look different for other cases

Calculating production profile analytically























Pigging animation: https://www.youtube.com/watch?v=CDHtL-J1Xxo
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What happens when I enter =RAND() in a cell?
When you enter the formula =RAND() in a cell, you get a number that is equally likely 
to assume any value between 0 and 1. Thus, around 25 percent of the time, you 
should get a number less than or equal to .25; around 10 percent of the time you 
should get a number that is at least .90, and so on.
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From a brief web search I can it seems that Rad() in VBA is not volatile function like 
RAND() in excel and it does not recalculated each time we punch F9. There are all kind of 
trick to overcome it but it seems complication. Also, there is something about IF that 
make re‐calculation of Rad complicatiod
See 
http://www.decisionmodels.com/calcsecretsj.htm
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Objectives

The main goal:
To introduce a methodology for concept selection for offshore deep water fields 
development.
• Overview of offshore oil field development planning process.
• Main stackholders.
• Main decision drivers.  
• Information and data to be generated.  
• Sources of uncertainity and methods to handl them. 
• Necessary information for concept selection. 
• Structured concept selection methodology. 
• An example.  
• Questions
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Time Table

• Part I:   Deep Water Field Development Planning (45 min)

• Part II:   Concept Selection Process(35-40 min)

• Part III:   Example (35-40 min)
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Why This Topic

• My personal concern. 
• Was not touch upon properly during my education. 
• One of the main challenges for all operators. 
• Interdiciplinary task.

What should you expect after this lecture: 
• You will be familiar with concept selection process for deep 

water offshore oil and gas fields. 
• This presentation only give you an introduction. 
• You will not be a deep water field developer. 

5

Classification Offshore Oil and Gas Fields 

To reduce the effort to select proper Technology, Strategies, Cost 
Estimation Methods for field development. 

 Water Depth (production):
• Shallow Water: < 420m (Bullwinkle Jacket)
• Intermediate Water: 420m ‐ 1000m
• Deep Water: 1000m to 2000m
• Ultra Deep Water: > 2000m 

 Environment Condition (100‐year):
• Harsh Environment:  16 < Hs , 25 < WS (Northsea WOS)
• Moderate Environments: 8 < Hs < 16 , 15 < WS < 25
• Benign Environment:   Hs < 8, WS<15  (West Africa) 

 Reserves Size:
• Marginal Reservoirs:  Reserves < 75 mmboe 
• Medium Size Reservoirs: 75 < Reserves < 175 mmboe
• Large Reservoirs: 175 < Reserves < 1500 or larger 

Hs: Significant Wave Height [m], WS: Wind Speed [m/s]

6
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Classification Offshore Oil and Gas Fields 

 Hydrocarbon Type:
• Oil Reservoir  
• Gas Reservoir
• Oil and Gas Reservoir
 Pressure and Temperature:
• LPLT
• MPMT
• HPHT

To reduce the effort to select proper Technology, Strategies, Cost 
Estimation Methods for field development. 
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Why Deep Water

• Global Energy Demand is increasing. 
• Oil and gas still make a major contributions. 

Historical Record Forcast

2016 Now
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Why Deep Water

• Onshore oil production has passed the peak and declining (4%‐8% /year).
• Shallow water offshore production is declining. 
• Only deepwater (>1000 m) production contribution is increasing : 

From 9% now to 35% in 2030 (forcast)
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Why Deep Water

Deep water offshore oil and gas E&P is more challenging !
What makes offshore oil field development different from onshore and shallow 
water offshore ?
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Why Deep Water

• Technology has been developed for deepwater exploration and 
production, up to 3000m. 

• What still makes the business difficult compare to onshore and shallow 
waters? 
• Higher capital , drilling and exploration costs.  
• High uncertainities in most of commercial parameters: well 

performance and recovery and oil price.
• Substantial risks: remote area, harsh environments, HPHT reservoirs.
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Fundamental Questions to be Considered

When should concept selection process be started ?

What is the required information ?

How should we make a decision based on the available information ?

Who are participating in the concept selection?

12
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Typical Offshore Oil and Gas Field Life Cycle

Concept selection is a subset of a multi‐diciplinary process: 

FIELD DEVELOPMENT PLANNING

Acquire Explore Appraise Select

Define Execute Operate Abandon

• Government 
• Size of the block
• Location 
• Bidding Process

• Geological Study 
• Exploration method
• Exploration tech.
• Location
• Reservoir 

• Dimensions
• Field Life
• Characteristics
• Production rate
• Reserves

• Technically Feasible
• Economically Viable
• Revenue
• Investment
• High uncertainty 

• Engineering • Procurement
• Construction
• Transportation
• Installation

• Commissioning
• Start ‐up
• O & M 
• Safety

• Remove: Environment
• Reuse: Commercial benefits. 
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Importance of Field Deveopment Planning

• First FPU 1986 : Green Canyon 29 Semi‐Submersible 
• 1986 – 1999: 12 FPU were sanctioned (Spar, Semi‐sub and TLP) by major

operators. 
• 2000 – 2001: Boom in using FPU, 14 FPU in GOM (11xDryTree+3xWet Tree) 

independent operators came to the game. 
• 2000‐ 2005: 13 FPU were sanctioned in GOM (10xDryTree+3xWet Tree)

Reason for acceleration:
High price of oil and gas.
Lack of oil and gas for US and UK 1970s. 
Relatively low Upsream capital cost. 

High competition for acquiring the new leases and increasing the production. 

Move the operators towards faster and cheaper solusions. 

14
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Importance of Field Deveopment Planning

• An assessment of existing projects (2005) revealed that a significant percentage 
of deep water offshore oil and gas reserves were underperformed technically 
and commercially, due to poorly executed field development planning. 

• The reason was operators intention for faster and cheaper developments. 

15

Objective of Field Development Planning

• The main objective of field development planning is the selection of plan that 
satisfies an operator’s commercial, strategic and risk requirements, subjected to 
regional and site constraints. The main objective is to maximize the revenue for a 
given investment.

UI = NPV/NPI

PLAN

16
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Key Elements in FDP

• This requires continuous and effective collaboration and alignment amongst main 
stakeholders: Subsurface, Well Construction, Surface Facility, Operation and 
Commercial Teams.

Commercial Team

Weak communication 
between key elements 
in early years !!!! 

O & M Team

17

Overview of Methodology for Concept Selection

Seismic, well log, well tests

Optimizing drilling program,
Greatest recovery with fewest wells

CONCEPT 
SCREENING

CONCEPT 
SELECTION

18
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Main Input Parameters and Their Effects

A. Reservoir Geometry and Geology (greatest impact)
 Recovery factor and flow rates. 
 Well count, location and construction.
 Secondary recovery methods.

B. Fluid Properties 
 Subsea and topside design.
 Operation and maintenance( hydrate, wax and deposits, corrosion).

C. Drilling and Completion  
 Well management and well intervention frequency.

D. Regional Considerations and Regulations: block size, infrastructure, contract.
E. Site Characteristics: water depth, metocean condition, bathymetry.
F. Operator Strategy: type of the operator company.

19

Relative importance of the parameters: Reservoir Geology and Geometry. 

Main Input Parameters and Their Effects

20
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Relative importance of the parameters: Fluid Characteristics. 

Main Input Parameters and Their Effects

21

Subsurface Team

22
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Field Development Phases: Oil and Gas Reservoir

• An oil and gas reservoir is characterised by:
• Geometry: areal extend, dimensions and connectivity .
• Rock properties: lithology, porosity and permeability.
• Hydrocarbon type and saturations.
• Oil‐Water and Oil‐Gas contact lines. 
• Fluid physical properties: API, GOR, WOR, Pressure, Temp. 
• Fluid system and chemical compositions. 
• Driving mechanisms: recovery factor and recovery methods
• Flow rate and pressure variation over time

23

Field Development Phases: Exploration

Big Question ?
Is it an economical oil and gas reservoir ?
($ 10‐100 mUSD answer)
Substantial uncertainty in the measurements 
and reservoir information. 

• The first step after acquiring the lease. 
• Goal: The goal is to find an economic oil and gas reserves.
• Task: Suitable locations for exploration drilling and TD.
• Activity:Wildcat drilling, setp‐out drilling and measurements.
• Exploration Team: Geologists, geophysicists, drilling engineers, 

reservoir engineers, mud loggers
• Exploration Methods: Satellite Survey, gravitymeter, magnetometer 

and Seismic (horizontal resolution), exploration drilling, MWD, LWD 
(well loging), core samples (vertical resolution), well testing (DST, 
WLFT, IPT). 

• Initial reservoir model is prepared for development: reservoir 
geometry, rock properties, fluid characteristics, reservoir pressure and 
flow rate.

24
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Field Development Phases: Appraisal

• Goal: Improving the quality of the data and reducing uncertainty.
• Outcome:Well fluid characteristics, OOIP, Recoverable oil,  production 

profile, with sufficient uncertainty.  
• Method:More appraisal wells will be drilled, more measurements. 
• Subsurface Team: provide robust model of a reservoir from seismic 

data, appraisal wells and well logs and well tests.
• Tools: Multiple simulation with varying well count and location and 

type, tuning PDF for stochastic parameters.

Reservoir Model Tuning PDF ‐ CDF Production &  Pressure

25

Field Development Phases: Appraisal

• There are several methods and strategies to reduce uncertainty. 
• There is a trade off between capital cost and uncertainty.
• Methods: 

• Drill stem test. 
• More appraisal wells. 
• Extended well test. 
• Early production. 
• Staged development. 

• Application Depends on:
 Reservoir size and Char.
 Operator Strategy
 Available Technology.

26
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Field Development Phases: Appraisal

Comparison of methods:

27

A Glance to the Mathematics

• Original oil in Place (OOIP) Volumetric Method

A:  Areal Extent (Seismic, drilling, reservoir modeling)
h: Net pay (Seismic, drilling, reservoir modeling)
: Porosity (well log, core sampling) 
os: Oil Saturation (well test)
FVFo: Oil Formation Volume Factor

OOIP=7758 ×A×h××OS / FVFo
Ga = OOIP x GOR

OGIP=43560 ×A×h××OS / FVFg

These parameters are stochastic time varying parameters. 

28
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A Glance to the Mathematics

 Q:  Oil Flow Rate (bopd)
 h: Net pay (Seismic, drilling, reservoir modeling)
 K: oil effective permeability
 Pe: Formation Pressure 
 Pw: Well bore pressure
 Mu: Viscosity
 B: Formation Volume Factor
 Re: Drainage radius
 Rw: Well bore pressure

Q=7.08 ×K×h×(Pe‐Pw) / MuxBxln(Re‐Rw)

 Well test and curve fitting (simple models)
 Exponential
 Harmonic 
 Hyperbolic

 Sophisticated models: Reservoir model 
and energy balance methods

• Oil Production Rate:

29

Integration of All Uncertainties 

It is difficult to make a decision on multi‐variable stochastic problems.

As suggested by SPE (Society of Petroleum Engineers):
For financial evaluation, uncertainty  in all parameters should be integrated into 
production profile : 
• Production profiles are calculated for three different confidence level:

• Proven: 90%
• Probable: 50% 
• Possible: 10%

Field development will be based on one of these three values depending on strategy 
and commercial risk of the operator. 
Typicaly 50% will be used. 

30
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Drilling, Completions and Intervention Team

31

Well Construction and Intervention.

• Well Construction: 
• Construction: Location, depth and direction, well casing. 
• Type of the well: production, water or gas injection. 
• Type of completion: Perforation zone and sequence, perforation 

method. 
• Main Decision: DVA or nonDVA

Direct effect on productivity and frequency of well intervention. 
(Operation Costs) 

• Well Intervention and Workover: 
• Options: From production platform or Workover unit (MODU)
• Depends on well type, construction and reservoir properties. 
• Typical services: (Heavy to light) Casing repair, Recompletion, 

Replacement of downhole boosting pump,  logging

32
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Well Construction and Intervention.

During operation: 
• Well have to be periodically re‐entered for reservoir management, 

remediation and recompletion.

Sand Production

Well Cleanup

Re‐Perforation

33

Well Construction and Intervention.

• Main decision is well type and access: (location of X‐mas tree)
• Subsea well (wet tree) with DVA or non DVA
• Surface well (dry tree) with DVA 

Dry Tree
Wet Tree

34
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Well Construction and Intervention.

• Wet Tree or Subsea Well :
Lower CAPEX but higher OPEX
Lower Recovery (5%‐10% lower than dry tree)
Low pressure reservoir.
Greater flexibility for well placements and field architecture.
Suitable for high uncertainty reservoir and multiple sub‐economic 
reservoirs development.

All host units support wet tree.
DVA and nonDVA are possible.

35

Well Construction and Intervention.

Dry Tree or Surface well:
Higher CAPEX but lower OPEX.
Higher Recovery
High pressure reservoir
Only Fixed platform, TLP, SPAR
Only DVA

• Dry tree requires direct access to the well and 
Top Tension Risre.
• Full drilling package on FPU requires Dry Tree 
• Requirements for full drilling package depends 
on the size of the reservoir and number of the 
wells: (GOM, 170 mmboe, 12 wells)

A TLP with Dry Tree System
Central well cluster

36
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Well Construction and Intervention.

• Selection depends on areal extend and complexity of the reservoir.
• Small and compact reservoir: Surface tree with central well 

cluster architecture. 
• Stacked, highly faulted and arealy extended reservoirs: subsea 

tree with satellit well architecture tieback to the manifold. 

small and compact reservoir  FPSO with satellit well architecture
stacked, faulted, arealy extended reservoir 37

Regional Considerations

38
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Regional Considerations

Have a significant impact on the NPV and  FDP process. 
• Block size: 10 sq. mile to 230 sq. Miles: development strategies
• Infrastructures: Pipeline, and development in the area and available 

production units.
• Market Influence: Availability of vendors and engineering companies, 

construction yards. Tide market (2000‐2001) increases the 
development costs and schedule

• Local contents: Effect on local economy, job, industry
• Regulations: Host country dictates the terms and conditions, Flag type 

(Johns Acts), single hull, double hull, flaring of gas, distance to the 
market, HSE regulations. 

• Contract terms and conditions with host country: Type of contract, 
Production sharing contract, concession contract, service contract: 
Risk to the operator, capital cost recovery, taxes and royalities.

• Sustainable Developments: Authorities prefer concepts which 
provides greater economical benefits and lower environmental 
impacts. 

39

Site Characteristics and Conditions

40
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Site Characteristics and Conditions

Field architecture and floating platform are highly influenced by:
• Water Depth: drilling costs, design and installation of risers and 

mooring systems and pipeline, temperature at seabed and flow 
assurance. 

• Bathymetry and Geology: Subsea flowline installation costs, anchor 
design 

• Metocean Condition: Installation window, cost of facilities  
• Remoteness: increases cost and risk of installation, favors the 

concepts with minimize offshore installation and operation, multiple 
reservoirs with single hub platform 

These data should be provided prior to undertaking the facility development plan. 

41

Operator Strategies

• Strategies of the operator depends on the type and size of the 
operator company. 

• Type of the oil companies: 
• Independent Oil Companies: Premier‐Oil, VNG Norge. 
• International Oil Companies: Shell, EXON, BP, SLB
• National Oil Companies: NIOC, Petrobras, Statoil

• Operator positions for trade‐off pairs:
• CAPEX vs OPEX
• Standardization vs Improvement
• Proven Technology vs Innovative Technology
• Min Capacity vs Future Capacity

42



22

Operator Strategies

• Independent Oil Companies: 
 15% of deep water offshore production
 Focus on small to medium size fields (75‐175 MMBOE)
 Join with other operators to share the risk.
 Prefer leasing strategy over owning & 

tieback over self production facility. 
 Short development cycle time.
 Small engineering teams with fast tracks. 
 First user of new technologies, more flexible towards vendors. 
 Subsurface is the largest team.
 Confidentiality is high. 

43

Operator Strategies

• International or Integrated Oil Companies: 
 50% of deep water offshore production
 Focus on medium to large size fields (>175 MMBOE)
 Using their own technology as long as possible.
 More process driven stage gates which increases 

development cycle time to first oil.
 Prefer to use proven technology. 
 Standardized technology, less flexible towards vendors. 

44
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Operator Strategies

• National Oil Companies: 
 35% of deep water offshore production. 
 Focus on global development plan and basin development 

rather than block development. 
 Phased development strategy. 
 Early production users to reduce uncertainty. 
 Higher risk margins. 
 Exploration results can be publicly available. 

45

Surface Facility Team

46
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Concept Screening & Concept Selection Process

A Review:
Concept selection is a subset of field development planning. 
Exploration and appraisal phases provide required information for concept selection. 
Success of concept selection phase highly depends on the quality of the data provided 
in the previous phases. 

Subsurface, Drilling and Completion Team:
Multiple depletion senarios: 
• Well count, locations and type.
• Drilling and workover and well intervention.
• Production Profile.
• Fluid composition
• Recovery Methods. 
• Dry tree or Wet tree
• Well intervention, methods and frequency
• Drilling requirements during production

Surface Facility Team:
Corresponding development senarios:
• Field Subsea Architectures 
• Host units: Hull type, mooring and risers
• Workover and Well intervention package. 
• Exporting methods. 

Commercial and Management Team:
• NPV 
• NPI
• Risk Assessment

47

Concept Screening Concept Selection

Definition

Cost Estimation

Risk Assessment

Qualitative Ranking

Stochastic Analysis

Primary Systems Basic Design (Pre-FEED)

Class 5 Class 4

Optional Mandatory

Attribute level Sub-attribute

Mandatory Optional

48

Simmilar process, different in the accuracy and level of implementation. 

Concept Screening & Concept Selection Process

Overal differences ?
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Concept Screening and Study

Facility Framing Workshop with representatives from all stakeholders 
present early in the selected phase. 

The purpose of this workshope is: 
• To establish the objectives of the project.
• Strategies to reach this objectives.
• Establish Design Basis and Functional Requirements
• Generate Concept Development Matrix
• Generate Development Scenarios (10‐80)
• Develop decision drivers and ranking methodology 

49

Concept Screening & Concept Selection Process

Main Steps:
Input: Field depletion scenarios

1. Establish basis of design and functional requirements.
2. Establish ranking criteria and methodology.
3. Identify building blocks from proven technologies. 
4. Concept Screening: 1st stage definition, Combining building blocks to 

generate different development scenarios. (10 – 80 scenarios) ranking 
and comparing different scenarios (5‐10): Qualitative and quantitative

5. Concept Selection: 2nd stage definition, ranking and comparison (5‐10)
6. Use tie‐breakers and operator strategy for final decision (if more than 1)
7. International benchmarking
8. Concept definition.
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Concept Screening & Concept Selection Process

It is a two steps process
 Concept Screening: 
 To identify all possible solutions (80)
 Technically feasible
 Economically viable: Rough cost estimation (cost class 5)
 Reduce the number of scenarios to 5‐10 for concept selection
 Identify the optimum number of wells (for marginal fields)

 Concept Selection: 
 Main objective: Maximizing the profit.
 Select the best concept. 
 More accurate cost estimation and assessment is required.
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Design Basis Documents

In the early concept screening.
Provides the framework and the constraint within which the development team must 
operate. 
As a minimum it should include:
• Reservoir characteristics and depletion plan: well count and seabed locations, 

fluid properties, production profiles, enhanced recovery, reservoir management. 
(Well count may be fixed or not, size and uncertainty of the reservoir)

• Drilling and Completion: Well location, Rig specification, Durations, workover 
type and frequencies. 

• Site and regional conditions:Water depth, metocean data, seabed bathymetry 
and geohazards, infrastructure and logestics, local content requirements. 
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Functional Requirements

 Processing: Deck space and payload sensitivity
 Storage and Export: Hull and Geometry
 Well Access: Motion 
 Drilling and Workover: Motion and Deck Space
 Enhanced Recovery

53

Ranking Strategies and Methods

Ranking Methodology and Strategy can be categorized: 
 Quantitative or Qualitative
 Deterministic or Stochastic assessment
 Cost estimation accuracy and class

 Qualitative Ranking :
 Uncountable parameters: operability, constructability, installation ease
 Less accuracy is required.
 Technical issues.

 Quantitative Ranking:
 Countable parameters: cost, time and schedule
 More accuracy is required
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Ranking Strategies and Methods

Economic Factors (significant number of parameters but summerized by):
• NPV : (cash inflow‐cash outflow, discount rate) Production Profile, Field Life, 

Sale Price
• NPI : CAPEX, DRILEX (# well), OPEX, ABEX
• UI=NPV/NPI
• Stochastic analysis is required in early stage due to uncertainty

AACE issued International Recommendation Practices on Estimate Classification:
• Cost Class 5: Concept screening and study, cost dispersion +100% to ‐50%
• Cost Class 4: Concept Selection, cost dispersion +50% to ‐25%
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Ranking Strategies and Methods

Noneconomic factors that drives an operator’s decision:
• Construction Period 
• Operability
• Fabrication 
• Reliability 
• Risk Assessment

Can be evaluated into two levels:
• Attributes: Concept screening
• Sub‐Attributes: Concept Selection

General Decision Drivers:
• Minimizing technical risk. 
• Maximizing hydrocarbon recovery. 
• Constructability.
• Schedule to first oil. (expected execution and installation period)
• Expandability: Flexibility for future expansion. 
• Flexiblity to adapt to reservoir uncertainity.

Qualitative or 
Semi‐Quantitative 
Parameters
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Concept Screening and Study

Concept Definition for Concept Screening:
Objective is to define all surface facility components to a level sufficient for class 5 
(‐50% to 100%) capex, opex and schedule estimation. 
 Use available commercial (OGM) or inhouse databases:
 Typical required inputs are:

1. Basic subsea equipments: flowlines, manifold, Ch. Tree, risers
2. Number of wells, Production profiles, Hydrocarbon sale price
3. Basic topside components and capacities
4. Type of host unit and required displacement

Step 2: Calculate NPV and NPI
Step 3: Compare different concepts based on UI as a function of NPV. (No. Wells)
Step 4: Choose the concepts which pass NPV and UI threshould. 
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Concept Selection

Concept Definition for Concept Selection:
Objective is to define all surface facility components to a level sufficient for 

class 4 (+50% to ‐25%),  capex opex and schedule estimation. 
 Size flowlines, risers and pipelines and determine arrival condition by simple 

flow assurance simulation. 
 Specify the topside, drilling and workover equipments and make an initial layout 

by process simulation, PFD, P&ID. 
 Make initial sizing of the hull to support topside, riser, mooring weight. 
 Performe stability and motion analysis to ensure operability and survivability in 

extreme conditions to design mooring and riser system. 
 Make an execution plan for design, fabrication, integration, transportation, 

installation and commisioning to estimate capex and schedule. 
 Cost and schedule estimation, Compare and rank scenarios.
 Risk assessment.
 Validate by benchmarking against similar projects. 
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Risk Assessment

A relative risk assessment will be performed including:
• Technical 
• Execution 
• Operational
• Safety 
• Commercial risks
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Tie Breakers 

When economic and performance indications of two concepts are 
indistinguishable an operatore’s tie breaker will be used:

HSE: Concepts with larger deck, gives greater separation between hazardus 
and non‐hazardus areas

Flexibility: Scenarios provide more felexibility, both for contracting and to 
adapt to the reservoir uncertainity are prefered. 

Mobility: Ease of decommissioning and relocation to other fields
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Building Blocks

Building Bloks:
A deep water facility development 

scenario can be constructed from the 
following building blocks:

Subsea 
Systems

Drilling 
Platforms

Production 
Platforms

Export 
Systems

Onshore 
Facilities

Enhanced 
Recovery

Facility Development Options

+ +

=

+ + +
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Building Blocks: Subsea Systems

A subsea systems consists of an assemblage of:
• Trees and wellheads, Manifolds, Jumpers
• Umblicals and Flowlines
• Pipeline End Termination
Basic Building Blocks: 
1. Single well tieback
2. Multiple wells manifolded tieback 
Subsea Architecture is driven by
• Number of wells
• Location of wells 
• Distance to host unit
• Subsea bathymetry 
• Fluid properties to determine the flow line dimention.
• Arrival production rate, temperature and pressure at PLEM.
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Building Blocks: Enhanced Recovery

Basic building blocks:
• Downhole boosting.
• Gas lift
• Gas injection
• Water injection  

Secondary and enhanced 
(tertiary) recovery methods. 
• Steam flooding
• Fire floodin
• Chemical injection 
• Polymer injection
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Building Blocks: Drilling Platforms

Depend on the size of the reservoir and type and distanceof the well.

Basic Building Blocks: 
•Tender assissted drilling
• MODU
• Permanent Drilling Platform.

Single drill center and Surface well.
Tender assissted or Drilling Platform.

Satellite well system with subsea 
well. MODU or drill ship. 
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Building Blocks: Drilling Platforms

MODU Tender Assissted Drilling Full Drilling Package

Amirkabir West Alliance TLP TLP Mars GOM

wet Tree
satellite Well 

heavy workover

dry Tree
well Cluster 

heavy workover
payload limit

dry tree
well cluster
drilling and 
workover
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Building Blocks: Drilling Platforms

Reservoir Drill 
Centers

Wet or Dry Tree  
Development

Drilling, Workover or
Production Rig

Small Single Wet Production

Medium, stacked or compact Single Dry Workover

Large, staked or compact Single Dry Drilling

Large, areal extensive Multiple Wet Production

Multiple, sub-economic Multiple Wet Production

Guideline for early decision on Key Platform Functions
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Building Blocks: Host Platforms

Consists of:
• Topsides.
• Hull.
• Station‐keeping system.
• Riserer system.

Host platform:
With drilling and workover
With only workover
Without drilling and workover
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Building Blocks: Host Platforms

Fundamental differences between the floating platform:
• Drilling and Workover Capacities
• DryTree or WetTree Support
• Storage Capacity
• Scalability to water depth and payloads
• Heave and Pitch motions. 
• Execution risks: Construction, Installation and Operation, Abondenment and Reuse.
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Building Blocks: Host Platforms

69

Building Blocks: Export Systems

Export methods depends on:
• Distance to the market. 
• Distance to the available infrastructures: 

pipeline.
• Storage capacity of host platform.  
• Field life and neighbouring fields.

Possible methods:
• Oil and Gas Pipeline . 
• Direct shuttle tanker offloading (no onsite storage) 
• Shuttle tanker offloading  (with FSU or FPSO)
• LNG carrier (FLNG)
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Building Blocks: Onshore Facilities

• Tank farm and Loading terminal.
• LNG Plant. 
• Gas to liquid plant.
• Gas to wire plant. 
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Example: Concept Screening

Case Study:  A gas field 
After exploration and appraisal 
Initial number of scenarioes: 1x4x4x2X4 = 128

Field Development Concept Matrix

Hydrocarbon Hub Well Type Transport # Wells

Gas Submersible Vertical Tanker 4

Fixed 
Platform

Directional Pipeline 6

Subsea Horizontal 8

FLNG Multi 10
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Example: Concept Screening

• Technical feasibility leads to final 12 scenarios: 
• 4 subsea well systems: 4, 6, 8, 10
• 3 Host platform: Tieback, Jacket, Semisub

Subea tieback to onshore

Semisubmersible

Jacket
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Example: Concept Screening

• NPI are calculated from total cost:
 CAPEX
 DRILLEX
 OPEX
 ABEX

4 Wells 6 Wells 8 Wells 10 Wells

Tie Back 1372 1651 1930 2209

Semi 1695 1974 2253 2532

Jacket 2045 2324 2603 2882

Cost of infrastructure, drilling, operation and abandonment

• NPV are calculated from :
 Hydrocarbon sale price
 Production profile P50 for number of wells
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Example: Concept Screening

• NPV and UI should be maximized simultaneously. 

• Tie back system gives the 
max NPV. 

• For jacket and semi, NPV and 
UI are maximized 
simulatneously with 6 wells.  

• For tie back 6 wells should 
be selected as there is a risk 
of 25% production loss if one 
well is below its expected 
production rate.
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Example: Concept Screening

• There is high uncertainty in the cost estimation which need to be 
captured by a Montecarlo simulation for NPV and NPI.

• A triangular distribution is asigned to the main input parameters 
based on the min, mean and max value recommended by experts. 

• CDF for NPV will be calculated for each case. 
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Example: Concept Screening

• This method only relies on economical indexes. 
• If we include the noneconomic parameter such as schedule to first oil, 

result will be different. 
• Subsea Tieback and Jacket: 3 years
• Semisubmersible: 5 years 

• Economic evaluation alone is not be sufficient for final decision.
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Example: Concept Selection

For concept selection, scenarioes should be compared in sub‐attribute levels. 

Analytical Hierarchy Process (AHP):
A decition making method to prioritize concepts under qualitative multiple attributes 
decision drivers. 
We have to select the attributes that can make difference between all the concepts. 
Step 1: Selection of  attributes and sub‐attributes with brainstorming multi‐diciplinary 
workshop (drilling, sybsea systems, flow assurance, pipeline, floating system, process)
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Example: Concept Selection

Attributes Sub-attributes

Operability Easy to start or shut down
Production management

Gas quality at the delivery point
Operation flexibility

Fabrication & Installation Easy to fabricate
Easy to install

Availability of drilling equipments

Time to First Production& Costs Total cost
Utility Index

Time to first production

Reliability Prevention of flow assurance events
Inspection, maintenance, repair 

redundancy

Selection of Attributes and Subattributes
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Example: Concept Selection

Ranking the selected attributes according to the importance in the 
exploitation systems. 
A criteria for weight is defined: 

Weights for attributes and sub attributes comparison

Absolutely more important 9

Very strongly more 
important

7

Strongle more important 5

Weakly more important 3

Equally important 1

Weakly less important 1/3

Strongly less important 1/5

Very strongly less important 1/7

Absolutely less important 1/9
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Example: Concept Selection

Make a pairwise comparison and weight the attributes. 
Normalaize the columns and sum‐up the rows in normalized matrix.

Weight of each attribue is the final result.
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Example: Concept Selection

Rank the field development concepts from 1 to 4 for each sub attribute.

Normalize the 
ranking by 
attribute and sub 
attribute weights.

Sum‐up the 
results for each 
concept to get 
final ranking 
result.
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Example: Concept Selection

The concept selection based on economic indexes:
 Tie‐Back 
 Semi‐Sub
 Jacket 

The concept selection based on non‐economic indexes:
 Jacket
 Semi‐Sub
 Tie‐Back
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Example: Concept Selection

• In MDM method, engineering judgment is used to define the attributes 
and weights. 

• This can vary depending on the experience of the people, time frame, 
available information. 

• Effect of variation in the attribute weights must be studied with 
stochastic analysis. 

• Define a triangular distribution for attribute weights. 
• Performe montcarlo simulation, 10,0000 samples. 
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Example: Concept Selection

Ranking MDM results after stochastic analysis:
 Shows the range of MDM value for each concept and probability.
 Jacket gives the highest MDM. 
 The median values for all three concepts are:

 Jacket = 3.32
 Semi = 3.23
 Tie‐Back = 3.07

This stochastic analysis 
confirms the deterministic 
Results.
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Example: Concept Selection

Risk Assessment:
To finalize the results from concept selection risk assessment should be performed. 
It is a semi‐quantitative assessment. 

Risk Definition: Probability of occurrence X severity of concequence 

Procedure:
 Make a list of all possible risk events: previous records or FMEA workshope
 Determine the probability of occurrence for each event
 Specify the risk attributes which will be affected by risk events: 

• Health and safety
• Environment
• Asset Value
• Project schedule
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Example: Concept Selection

Probability of occerrence: 
Use a scale of 1 to 5.
For qalitative probability assignment risk taker are divided into to group:
• Aggresive risk takers
• Conservative risk takers

A risk factoring profile is defined to distinguish risk takers. 
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Example: Concept Selection

Impact severity of risk events on attributes is apprised by a group of experts from 
the established guideline and operator’s safety policy. 
Impact severity appraisal is also weighted by the same factoring curve.  
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Example: Concept Selection

The resulted table will be: Weighted probability of occerrence X weighted impact 
severity X Weight of the attributes. The mean square root gives final risk weight of 
each event.
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Example: Concept Selection

The previous procedure will be performed for all concepts.
The rsults from risk assessment can be combined with multi‐atribute decision 
model and NPV calculation for final selection
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Conclusions

• Concept selection for deep water field development is a multidisciplinary task 
and needs contribution from: Subsurface, drilling and completion, surface 
facility, operation and maintenance, management and commercial team. 

• A structured methology to generate, screen and select the right development 
concept is required. 

• Concept selection is performed when the uncertainty in the critical parameters 
which determine the commercial success of the project is high. Addressing 
subsurface data uncertainty in the facility design phase is important.

• Deepwater facility design is highly depends on subsurface data. 

• Success of FDP highly depends on: Quality of information, skills of subsurface 
team, technology and reservoir modeling. 
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The Tubing Rate Equation in Vertical and Deviated Gas-
Wells (Metric and Oilfield units) 
 
Summary 
The rate equation for the tubing in vertical gas-wells corrected for wellhead datum 
level is: 
In practical metric units (m, bara, Sm3/d, oK ) 

( )
2.612 / 2 0.59 2 20.986(10 )

( 1)

s

w tsc s
av av

D e =    p pq
Z T e

⎡ ⎤
−⎢ ⎥

⎢ − ⎥⎣ ⎦
 

In field units (Mscf/d, psia, oR ,  ft for depth, and ,in, for pipe diameter) 

 ( )
2.612 / 2 0.52 2292.9

( 1)

s

w tsc s
av av

D e =    p pq
Z T e

⎡ ⎤
−⎢ ⎥

⎢ − ⎥⎣ ⎦
  

The equations were derived from the pressure loss equation in gas wells using the 
average temperature and compressibility approach. The empirical Moody friction factor 

used is, in field units (D in Inch), 0.224

0.01748
Mf D
= , and in metric units (D in m), 

0.224

0.0077
Mf D
= .  These expressions for friction factor are based on measurements in gas 

wells by :V.Smith (1950), which were adopted as the norm in Gas Engineering 
Handbooks (Katz et.al, or ERCB) and Gas Engineering textbooks.  In deviated wells, 
the right hand side of the rate equation is multiplied by ( )0.5cosα  where α  is the 
inclination angle from the vertical direction. 
 
Development of the Equation from First Principles (pure SI system) 
Neglecting the acceleration term in the momentum equation, the pressure gradient at any 
point in the pipe is the sum of the hydrostatic and the frictional gradients: 

cos
2

M
dp u-  = g  + f
dl 2D

ρρ α  

or  
2cos

2

F
dp u-  = g  + f
dl D

ρρ α   (1)  

Where α is the inclination angle from the vertical direction. 
 
When the units are in British Engineering unit system,  the equation becomes: 

cos
2

M
c c

dp g u-  =  + f
dl g 2g D

ρρ α    

and in oil field unit system, where pressure is expressed in psia, it is written as  

  144 cos
2

M
c c

dp g u-  =  + f
dl g 2g D

ρρ α     

Returning to the SI equation, expressing the density in terms of the Equation of State, 
and the flow velocity in terms of mass flow rate, 

A
mu
ρ

= ,  gives: 
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cos
2

g
2 5

g

pdp 8 f  Z R TM m-  =  g   .
dl Z R T  pMD

α
π

⎛ ⎞ +⎜ ⎟
⎝ ⎠

  (2) 

Defining: 

cosg
1

M =   g  C
Z R T

α   (3) 

and 

M
T R Z.

D 
m f 8 = C

g52

2
2

π
  (4) 

and substituting into Eq.(2) gives 

2
1

Cdp =  p +   d lC p
⎛ ⎞

− ⎜ ⎟
⎝ ⎠

  (5) 

or 

2
1 22

1

dp p dpdl =   = - 
 + pC CCp + C p

−
⎛ ⎞
⎜ ⎟
⎝ ⎠

  (6) 

To integrate this equation a new variable U, is defined,  
2

1 2U    + pC C=   (7) 
1d U = 2  p d pC   (8) 

The U and dU substituted into Eq.(6) to gives: 

1

1 1d l = -     d U
U 2 C

⎛ ⎞⎛ ⎞
⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

   (9) 

Integrating Eq.(9) between points 1 and 2: 

u
u d 

C 2
1 - = l d

2

11

2

1
∫∫                     (10) 

gives 

2

1

ln ln
2

1 22
2 1 2

1 1 1 21

 + p1 U 1 C C(  ) = L =     = -   l l 2 U 2  + pC C C C

⎛ ⎞⎛ ⎞ ⎟⎟ ⎜⎜ ⎟⎟− − ⎜⎜ ⎟⎟ ⎜⎜ ⎟ ⎟⎜ ⎟⎜⎝ ⎠ ⎝ ⎠
  (11) 

or 

e = 
C + p C
C + p C C L 2-

2
2
11

2
2
21 1   (12) 

Defining 

2 cosg
1

MS = 2 L   g L C
Z R T

α=   (13) 

Eq.(12) becomes 
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e = 
C + p C
C + p C  S-

2
2
11

2
2
21   (14) 

Which can be rearranged such that 

1) - e (  
C
C + e p = p S

1

2S2
2

2
1 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛   (15) 

Dividing Eq.(4) by Eq.(3) gives: 

cos

22
2

2 5 2
g1

8 f   (Z R T )C m = 
   g C D M απ

  (16) 

Converting the mass flow rate to volumetric flow-rate expressed at standard conditions 
using Eq.(17)  

q . 
R

M 
T
p = q   = m sc

g

sc
scsc ⎟

⎠
⎞

⎜
⎝
⎛ρ   (17) 

results in  

cos

2 2
22
sc2 5

1 sc

8 f p (Z T )C  =    q
 T g C D απ

⎛ ⎞
⎜ ⎟
⎝ ⎠

  (18) 

Substituting Eq. 18 into Eq.15 

cos

2
2 2 2 2S SM

av avwf t sc2 5
sc

8 f p =   +   (Z  T  (    -  1) p p ) qe e  g TD απ
⎛ ⎞
⎜ ⎟
⎝ ⎠

 (19) 

Multiplying and dividing the second term on the right hand side with 
(28.97)

2 cos 2 cosg g

av av av av

M g g
s L L

Z RT Z RT
γ

α α= =    (20) 

2 S
2 2 2S SC

M av avwf t g sc2 5
SC

p16   (28.97) (   -  1 )e =   +     f  L  Z  T   p p qe
 R T S D

γ
π

⎛ ⎞⎛ ⎞
⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠
              (21) 

Solving for the flow rate: 

( )
0.5   0.5   0.55

2 2 SSC
sc wf t S

air SC g M av av

TR   sD =        -      q p p e4 M P f Z T  L   -  1e
π

γ
⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎡ ⎤⎛ ⎞⎛ ⎞
⎢ ⎥⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎢ ⎥ ⎣ ⎦⎝ ⎠ ⎝ ⎠ ⎣ ⎦

 (22)   

 
This equation relates the pressure at the top and the bottom of the tubing.  
 
In integrated gas field studies,  it is convenient to analyze the flow of the entire 
production system using the wellhead or the top of the well as a reference datum level. 
Mike Fetkovich has suggested this approach in a 1975 paper. He rearranged the flow 
equation as follows: 

0.5   0.5  0.5 2 S5
wf 2SC

sc tS S
air SC g M av av

pTR   seD =        -      q p
4 M P f Z T  L   -  1e e
π

γ

⎡ ⎤⎛ ⎞⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎛ ⎞⎛ ⎞ ⎢ ⎥⎜ ⎟⎢ ⎥⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎝ ⎠ ⎢ ⎥⎝ ⎠⎢ ⎥⎝ ⎠ ⎝ ⎠ ⎣ ⎦ ⎝ ⎠⎣ ⎦
 (23) 
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Substituting ; 2
2
wf

wS

p
p

e
=  , 

( )
0.5

2

  0.5   0.5S5
2SC

wsc t S
air SC g M av av

TR   seD =       p  -      q p
4 M P f Z T  L   -  1e
π

γ
⎡ ⎤ ⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎛ ⎞⎛ ⎞
⎢ ⎥⎜ ⎟ ⎜ ⎟ ⎢ ⎥⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠⎢ ⎥⎝ ⎠ ⎝ ⎠ ⎣ ⎦⎣ ⎦

     (24) 

 
where wp represent the flowing bottom hole pressure expressed at wellhead datum level . 
The quantity, wp . is actually the bottom-hole flowing pressure minus the hydrostatic 
pressure of the gas column. 
The rate equation can be further rearranged by substituting 

(28.97) (28.97)
2 cos 2 cos 2g g g

av av av av av av

M g g g
s L L H

Z RT Z RT Z RT
γ γ

α α= = =   (25) 

Giving (all in pure SI system): 

( ) ( )
0.5 / 2 0.50.5 2 22 cos

4 ( 1)

s5
SC

w tsc s
SC M av av

T  eD =  g     p pq
P f  Z T e

π α
⎡ ⎤⎛ ⎞ ⎛ ⎞
⎢ ⎥ −⎜ ⎟ ⎜ ⎟
⎢ ⎥−⎝ ⎠⎝ ⎠ ⎣ ⎦

  (26) 

 
In  practical metric units,  where: Gas-rate=sm3/d, Pressure =bara, Length =m, and 
Temperature = oK  , the equation becomes: 

[ ] ( )
0.5 / 2 0.50.5 2 228886400 2(9.81)cos

4 1 ( 1)

s5

w tsc s
M av av

 eD =      p pq
f  Z T e

πα
⎡ ⎤⎛ ⎞⎛ ⎞ ⎢ ⎥ −⎜ ⎟⎜ ⎟

⎝ ⎠ ⎢ ⎥−⎝ ⎠⎣ ⎦
      (27) 

or 

( ) ( )
0.5 / 2 0.50.56 2 286.56(10 ) cos

( 1)

s5

w tsc s
M av av

 eD =    p pq
f  Z T e

α
⎡ ⎤⎛ ⎞
⎢ ⎥ −⎜ ⎟
⎢ ⎥−⎝ ⎠⎣ ⎦

  (28) 

In vertical wells H=L, and cosα =1. 
 
In fully turbulent flow (high Reynolds numbers), friction factor depends essentially on 
the relative roughness of the pipe, / Dε ,  and becomes independent of the eynolds 
number. Measurements in gas wells conducted by R.V.Smith, (1950), yielded a 
correlation for friction factor in tubings that became the norm for most equations used 
by the gas industry and which appear in engineering handbooks. Smith measurements 
are expressed in terms of friction factor as: 
 

0.224 0.224
0.224

0.01748 0.0077
39.371

1

Mf DinchD m
m

= =
⎡ ⎤
⎢ ⎥
⎣ ⎦

     (29) 

When substituting into the rate equation gives:  

( )
2.612 / 2 0.59 2 20.986(10 )

( 1)

s

w tsc s
av av

D e =    p pq
Z T e

⎡ ⎤
−⎢ ⎥

⎢ − ⎥⎣ ⎦
   (30) 

 
This is the metric version of the rate equation suggested by Fetkovich for integrated 
field studies.  
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The rate equation in oilfield units  
In practical field units (psia, Mscf/D, ft, oR ), the datum corrected rate equation (eq 
26) is 

( ) ( )
0.5 / 2 0.50.53 2 2

5

520(10 )86400 2 32.17 cos
4 14.7 12 ( 1)

s5

w tsc s
M av av

 eD =      p pq
f  Z T e

π α−
⎡ ⎤⎛ ⎞⎛ ⎞ ⎢ ⎥ −⎡ ⎤ ⎜ ⎟⎜ ⎟ ⎣ ⎦⎝ ⎠ ⎢ ⎥−⎝ ⎠⎣ ⎦

Substituting the expression for Moody friction factor 

( ) ( )

0.5

/ 2 0.50.53 2 2

5
0.224

520(10 )86400 2 32.17 cos
0.017484 14.7 ( 1)12

s5

w tsc s
av av

 eD =     p pq
Z T e 

D

π α−

⎡ ⎤
⎢ ⎥⎛ ⎞ ⎢ ⎥ −⎡ ⎤⎜ ⎟ ⎣ ⎦ ⎛ ⎞⎝ ⎠ ⎢ ⎥ −⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

Which finally gives 

( )
2.612 / 2 0.52 2292.9

( 1)

s

w tsc s
av av

D e =    p pq
Z T e

⎡ ⎤
−⎢ ⎥

⎢ − ⎥⎣ ⎦
     (31) 

 
Fetkovich Rate Equation 
The equation used by Fetkovich in his 1975 is derived from the IOCC manual and is 
(rate is in mscf/d)  

 ( )
/ 2 0.52 231.62

( 1)

s

w tsc s
r av av

e =   p pq
F Z T e

⎡ ⎤
−⎢ ⎥

⎢ − ⎥⎣ ⎦
     (32) 

 where 2.612

0.10797
rF

D
= .    

The relationship between rF and the friction factors is, by definition,: 

 

2
2

2
5 5

2.6665
2.6665 4

M

F
r

f q
f qF

D D

⎛ ⎞
⎜ ⎟
⎝ ⎠= =  

where: D= inner tubing diameter, in and q is the gas rate in MMscf/D. 
 The dimensional expression rF  has been introduced originally by Cullender and 
Smith (1956) to facilitate another method to calculated bottom hole pressure 
accounting for changes in temperature and compressibility factor. The IOCC 
preferred to apply it in its manual rather than the dimensionless friction factor 
(Oklahoma City People versus the rest of the world).  By substituting the empirical 
value of rF  to the rate equation it becomes:  

( )
2.612 / 2 0.52 2292.9

( 1)

s

w tsc s
av av

D e =    p pq
Z T e

⎡ ⎤
−⎢ ⎥

⎢ − ⎥⎣ ⎦
     (33) 

For control purposes, the equation will be converted to practical metric units 

( ) ( )
2.612 / 2

0.52 239.371000 1 14.7292.9
1 35.14 11.8 ( 1)

s

w tsc s
av av

D e
 =    p pq

Z T e

⎡ ⎤⎛ ⎞⎛ ⎞ −⎢ ⎥⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠ ⎢ − ⎥⎣ ⎦

 

or 

( )
2.612 / 2 0.59 2 20.998(10 )

( 1)

s

w tsc s
av av

D e =    p pq
Z T e

⎡ ⎤
−⎢ ⎥

⎢ − ⎥⎣ ⎦
    (34) 
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The pressure equations in practical field units (Metric) 
 
The pure SI pressure equation developed earlier is 

cos

2
2 2 2 2S SM

av avwf t sc2 5
sc

8 f p =   +   (Z  T  (    -  1) p p ) qe e
  g TD απ

⎛ ⎞
⎜ ⎟
⎝ ⎠

   (0.1) 

 
or, when substituting values for the constants,  

510
9.81 293 cos

2 S
2 2 2 2S

M av avwf t sc2 5
sc

8 (    -  1)e =   +  f  (Z  T   p p ) qe
   D απ

⎛ ⎞
⎜ ⎟
⎝ ⎠

   (0.2) 

giving 

9624
cos

S
2 2 2 2S

M av avwf t sc5

(    -  1)e =   + f  (Z  T   p p ) qe
D α

     (0.3) 

 
When converting to practical metric units, Sm3/d, bara, m, The equation becomes 

( ) ( )2 25

9624
cos10 86400

S
2 2 2 2S

M av avwf t sc5

(    -  1)e =   + f  (Z  T   p p ) qe
D α

   (0.4) 

or 
161.295(10 )

cos

S
2 2 2 2S

M av avwf t sc5

(    -  1)e =   + f  (Z  T   p p ) qe
D α

−     (0.5) 

 
Similarly, the other form of the pressure equation in SI units 

2 S
2 2 2S SC

M av avwf t g sc2 5
SC

p16   (28.97) (   -  1 )e =   +     f  L  Z  T   p p qe
 R T S D

γ
π

⎛ ⎞⎛ ⎞
⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠
  (0.6) 

or 

658
S

2 2 2S
M av avwf t g sc5

(   -  1 )e =   +  f  L  Z  T   p p qe
S D

γ     (0.7) 

Giving in practical metric units 
188.8(10 )

S
2 2 2S

M av avwf t g sc5

(   -  1 )e =   +  f  L  Z  T   p p qe
S D

γ−     (0.8) 

 
 
 
Appendix A 
The relationship between Mf and the rF  in the IOCC equation  
Interstate Oil Compact Commission “manual of Backpressure Testing of Gas 
Wells”, Oklahoma City, Oklahoma 
 
Cullender and Smith (1956) introduced originally the dimensional expression rF . It is 
a function of Mf , flow rate, and pipe diameter. Back calculating the friction factor 
from the F r used in the IOCC equation yields  
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0.224

0.224

0.00437

0.01748

F

M

f  
D

f
D

=

=
          (0.9) 

Starting with the IOCC equation as listed in Fetkovich’s paper from 1975 (before 
dividing by Se  for datum change):  

2

31.62
2 2 S Sr av av
wf t

F qT Z =   + (    -  1) p p e e
⎡ ⎤
⎢ ⎥⎣ ⎦

 

Rearranging,  
2

2

31.62
2 2 S Sr av av

SCwf t
F T Z =   + (    -  1) qp p e e
⎡ ⎤
⎢ ⎥⎣ ⎦

 

where : 

2.612

0.10797
rF

D
=   and pipe diameter  D is in inch, and the gas rate is in Mscf/d 

(Note: there is an error in the pressure equation in the original 1975 paper where the 
equations are hand written, there the number 31.62 is wrongly written as 1000. The error 
has been corrected in later prints of the paper, also be aware that the rate equation in 
most gas engineering manuals is reported in MMscf/d, Fetkovich uses Mscf/d in his 
analysis) 
 
For comparison, taking any of the widely used engineering equations, for example in the  
SPE –Petroleum Engineering Handbook (Chapter 34 “Wellbore Hydraulics” by 
Bertuzzi, Fetkovich, Poettmann and Thomas, equation 44) which applies Moody 
friction factor mf , 

525
S

2 2 2S
m1 2 g sc

(   -  1 )e =   f  H  Z T  p p qe s D
γ+      (0.10) 

or, by substituting the expression for s 
2 2

525
0.0375

S
2 2 2S

m ab av1 2 sc
(   -  1 )e =   f   Z   T   p p qe D

+      (0.11) 

or in the The Canadian Energy Resource Conservation Board Manual on gas well 
testing which applies Fanning  friction factor  (Note that Moody factor  is 4x Fanning 
factor) 

5100
S

2 2 2S
F av av1 2 g sc

(   -  1 )e =  f  H  Z  T   p p qe s D
γ+      (0.12) 

The units in these two equations are: P= psia, H= vertical depth, ft, , q=flow-rate, 
MMscfd, d=inch, f=friction factor (dimensionless),  and s is expressed by the following 
expression: 

( )(28.97) 28.97 (32.174)
2 2 0.0375

(10.732)(144)(32.174)
g g g

av av av av av av

g
s H H H

Z RT Z T Z T
γ γ γ⎡ ⎤

= = =⎢ ⎥
⎣ ⎦

 

          (0.13) 
 
To back calculate the friction factor as implied by the IOCC equation, a comparison is 
made between the second terms on the right hand side of the IOCC and the ERCB 
equations (converting it from MMscf/d to Mscf/d as used by the IOCC). 
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2

2 6
5100 (10 )

31.62

S
2Sr av av

SC F av avg sc
F T Z (   -  1 )e(    -  1) q f  H  Z  T   qe s D

γ −⎡ ⎤ =⎢ ⎥⎣ ⎦
 

Substituting s in the denominator of the right hand side gives 

[ ]2 2

5

1000 100
0.0375

S
2S

r av av SC F av avg sc
g

av av

(   -  1 )eF T Z (    -  1) q f  H  Z  T   qe
H  D

Z T

γ
γ

=
⎛ ⎞
⎜ ⎟
⎝ ⎠

 

which, when compared with the relevant term in IOCC equation gives: 

[ ] ( )
2

5

10.1
0.0375r FF f    

 D
=  

Solving for the Fanning Friction factor ,fF 

[ ] ( )2 50.375F rf  F  D=  and   

and substituting 2.612

0.10797
rF

D
= , gives:  

( )
2 3

5
2.612 0.224 0.224

0.10797 4.371(10 ) 0.004370.375Ff   D
D D D

−⎡ ⎤= = =⎢ ⎥⎣ ⎦
, which is equivalent to : 

( )
2 3

5
2.612 0.224 0.224

0.10797 17.484(10 ) 0.01744 0.375Mf   D
D D D

−⎡ ⎤= = =⎢ ⎥⎣ ⎦
 

The diameter, D, in both expressions is in Inch (While the pipe length in the equation 
is in ft). 
 
 
References for developing the rate equation 
Katz, D.L., Cornel, D., Kobayashi, R., Poetmann, F.H., Vary, J.A. Elenbass, J.R., 
Weinaug, C.F.” Handbook of Natural Gas Engineering”, McGrraw-Hill Publishing 
Company, 1959 
Smith, R.V. “Determining Friction Factors for Measuring Productivity of Gas Wells” 
Trans AIME, Vol 189: (73) 1950 
Energy Resources Conservation Board (ERCB) “Theory and Practice of the Testing 
of Gas Wells”, ERCB 73-34, Third Edition, 1975.. 
Katz, D.L., Lee, R.L., “Natural Gas Engineering-Production and Storage” McGraw-
Hill Publishing Company (1990) 
Young, K.L. “Effect of Assumptions Used to Calculate Bottom-Hole Pressures in Gas 
Wells” SPE paper 1626 (1966) 
References for the friction factor in gas wells 
Smith, R.V., Willims R.H., and Dewees, E.J. “Measurements of Resistance to Flow of 
Fluids in Natural Gas Wells” Trans AIME (201), 279, 1954 
Cullender M.H., and Smith R.V. “ Practical solution of the Gas Flow Equations for 
Wells and Pipelines with Large Temperature Gradients” Trans AIME Vol 207 281-
287 (1956) 
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https://www.youtube.com/watch?v=E2g4hxGZP94

















































Procedure when deltapchoke of one template <0

















































Injection of chemicals: costly!
Conserve heat, avoid high temperature drop

Hydrate equilibrium line: correlations, 
measurement, EOS equilibrium calculations

Inhibitors:Methanol, mono ethylene glycol

Wax: regular pigging



How did I calculate molar flow to input in hysys?





















Peregrino field

















































Introduction to Offshore Structures 
with focus on Marine Dynamics
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Cases that show how not to do it



Waves statistics / Short‐term 



Waves statistics / Short‐term 

• Distribution of wave surface elevation



• Distribution of Wave Height
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Waves statistics / Short‐term 

• Distribution of Wave Height



Waves statistics / Short‐term 
• Distribution of Wave Height



• Exercise
Short‐term 
statistics



Motion of marine structures



















• A fully developed sea is a sea state where 
the waves generated by the wind are as 
large as they can be under current 
conditions of wind velocity.

• Significant wave height is the average of the 
highest 1/3 of the waves present.
– Good indicator of potential for wave damage to 
marine structures

7-1 Properties of Ocean Waves



Motion of marine structures

‐ Semi‐analytical
‐ Numerical Model
‐ Experimental testing

Superposition of wave excitation, added mass, damping and restoring loads. 



Scaled‐down Exp. Tests



Scaled‐down Exp. Tests



it establishes a relation between the motion and wave 
amplitude in the frequency domain

Response amplitude operator, RAO

Motion of marine structures

heave motion of 
semi‐submersible 
platforms 



Surge (horizontal)
motion of TLP 
platforms 

Motion of marine structures



Motion of marine structures

Illustration of largest natural period versus depth for some platform concepts, and 
periods for important environmental loads.



Motion of marine structures









Ultra‐Deepwater 
Semi‐submersible













Riser tensioner





WH Fatigue



Weight : 250 T in ai
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Wind-generated waves present irregularity motion that in time and space cannot be exactly 
predicted. Therefore, it is a common practice to represent the elevation of the sea surface with sum 
of many sinusoidal waves with different direction, amplitudes, frequencies, and phases 
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Instead of reducing manually the field rate, I set up the 
solver to modify it automatically while honouring all 
operational constraints.



I have to move the points in the first 3 years inside the compressor map.

One solution is to choke at the inlet of the compressor.

In that way the compresor rp increases, i.e. the point goes up in the compression map.

I want to choke as less as possible, just to get the points inside the operation map.

In the last two years outlet temperature is th
limiting condition. I could produce more gas
but then the cooler efficiency has to be 
improved.

-3 years with plateau, no issues 
-year 4 activate cooling to avoid excesive outlet temperature, compressor operating at maximum power, not possible to deliver plateau rate
-Year 5 , compressor operating at maximum power, not possible to deliver plateau rate
-years 6 and 7, reduce further the rate to avoid excessive outlet temperature, compressor operating at power less than maximum



Modification of the excel sheet:

The deltap of the inlet choke is changed manually for the first three years until all three points are inside the operational compressor 
map:

All points 
overlapping one on 
top of the other.
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